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General Studies and Engineering Aptitude

1. Which one of the following management functions is correct during the
preproduction phase?

a. Organize

b. Control

c. Plan

d. Staff

(+2, -0.66)

2. Which one of the following charts is used in the control charts for monitoring
service quality characteristics for number of daily customer complaints in a hotel?

a. R-chart

b. X-chart

c. p-chart

d. c-chart

(+2, -0.66)

3. The reliability number in sampling process is

a. 100 + [Number of defective units / Number of units tested] × 100

b. 100 - [Number of defective units / Number of units tested] + 100

c. 100 - [Number of defective units / Number of units tested] × 100

d. 100 + [Number of defective units / Number of units tested] - 100

(+2, -0.66)

4. Which of the following are the noise factors for the experiment on the 'Elastomeric
Connector'? 

1. Conditioning time 

2. Interference 

(+2, -0.66)
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3. Conditioning temperature 

4. Connector wall thickness

a. 1 and 2 only

b. 2 and 4 only

c. 3 and 4 only

d. 1 and 3 only

5. Which of the following are the internal factors that influence customer perception
of service quality?

 1. Knowledge explosion 

2. Annual and quarterly reports 

3. Social values and changes in lifestyle 

4. Increase consumer participation in service delivery through motivated
employees

a. 1 and 3 only

b. 1 and 4 only

c. 2 and 4 only

d. 2 and 3 only

(+2, -0.66)

6. Which one of the following statements is correct regarding TQM?

a. It proposes hierarchical organization structure

b. It has a result oriented approach

c. Its technical efficiency and cost cutting approaches are dominant

(+2, -0.66)
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d. It advocates a flatter organization structure with large span of control where
authority is pushed as far down as possible

7. Which of the following are the core steps of 'Six Sigma' methodology?

a. Improve, control and measure

b. Define, measure and analyze

c. Design, verify and control

d. Measure, analyze and define

(+2, -0.66)

8. Which one of the following is the correct UCL for central limits of non-confirming
units with constant or variable sample size in control charts for attributes?

a.

b.

c.

d.  

(+2, -0.66)

9. Which one of the following relation is correct for np regarding quality control?

a.

b.  

c.

d.

(+2, -0.66)

10. Nitrate when present in excess in drinking water causes

a. Fluorosis

(+2, -0.66)
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b. Minamata

c. Blue baby syndrome

d. Itai-itai

11. About 80% of the failures of mechanical components are due to which one of the
following failure resulting from the fluctuating stresses?

a. Shear failure

b. Fatigue failure

c. Dynamic load failure

d. Normal shear failure

(+2, -0.66)

12. Consider the following steps regarding basic procedure of design of machine
element: 

1. Select suitable material for element 

2. Specify functions of elements 

3. Determine failure mode of element 

4. Determine forces acting on element 

What is the correct sequence of these steps?

a. 2, 4, 1 and 3

b. 1, 2, 3 and 4

c. 2, 1, 4 and 3

d. 4, 2, 3 and 1

(+2, -0.66)

13. A plane oblique to axis and making same angle with axis as elements do is called (+2, -0.66)
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a. Circle

b. Ellipse

c. Parabola

d. Hyperbola

14. Which of the following projections is not a type of parallel projection?

a. Conic projection

b. Oblique projection

c. Orthogonal projection

d. Curvilinear projection

(+2, -0.66)

15. When the receding lines are drawn to full size scale and the projectors inclined at
an angle of 30° or 45° or 60° to the plane of projection, such oblique projection is
known as

a. Cavalier projection

b. Cabinet projection

c. Parallel projection

d. Isometric projection

(+2, -0.66)

16. When an observer looks towards an object from infinity, the lines of sights
(projectors) will be parallel to each other and inclined to the plane of projection.
The resulting projection is known as

a. Isometric projection

b. Orthographic projection

c. Oblique projection

(+2, -0.66)
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d. Axonometric projection

17. Which one of the following systems is recommended in general rules for
dimensioning?

a. Aligned system

b. Bidirectional system

c. Multidirectional system

d. Unidirectional system

(+2, -0.66)

18. Any safety programme will be ineffective if any attempt is made to control
accidents without first creating 

1. Proper safety philosophy 

2. Teaching safety principles 

3. Eliminating misconceptions about the causes of accidents

a. 1 and 2 only

b. 1 and 3 only

c. 2 and 3 only

d. 1, 2 and 3

(+2, -0.66)

19. The Mechanical Engineering designer's problem is to attempt to minimize the
factors that affect the fatigue life; these are 

1. Electrolyte concentration 

2. Temperature 

3. Fluid flow rate around specimen

a. 1, 2 and 3

(+2, -0.66)
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b. 1 and 2 only

c. 1 and 3 only

d. 2 and 3 only

20. Which of the following statements are correct with respect to mechanical design
categories? 

1. Failure of the part would endanger human life, or the part is made in extremely
large quantities; consequently, an elaborate testing program is justified during
design 

2. The part is made in less quantities that a moderate series of tests is feasible 

3. The part is made in such small quantities that testing is not justified at all; or the
design must be completed so rapidly that there is not enough time for testing

a. 1 and 2 only

b. 1 and 3 only

c. 2 and 3 only

d. 1, 2 and 3

(+2, -0.66)

21. Three pipes A, B and C can fill a tank in 6 hours. When the tank was empty all the
three pipes were turned on and they worked together for 2 hours, at that instant,
pipe C was closed and the pipes A and B continued to work to fill the tank. It took a
total of 7 hours from start to fill the tank this way. If pipe C alone is working from
the start, the time it takes will be

a. 10 hours

b. 14 hours

c. 30 hours

d. 45 hours

(+2, -0.66)
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22. The given number of letters skipped increase in the order of 2, 4, 6, 8, .... Which of
the following series observes the rule given?

a. ADIOVF

b. BEJQZK

c. DGKOTX

d. GIKMOQ

(+2, -0.66)

23. The weight of 3 mangoes and 2 apples is 255 grams. The weight of 2 mangoes
and 3 apples is 285 grams. Each mango weighs the same and each apple weighs
the same. The combined weight of 1 mango and 1 apple will be

a. 98 grams

b. 104 grams

c. 108 grams

d. 114 grams

(+2, -0.66)

24. A builder decided to build a farm-house in 40 days. He employed 100 men in the
beginning and 100 more after 35 days and completed the construction in the
stipulated time. If he had not employed additional men, how many days behind
the schedule the construction would have been finished?

a. 2 days

b. 5 days

c. 10 days

d. 15 days

(+2, -0.66)

25. Two trains 120 m and 80 m length are running in opposite direction with velocities
42 km/hour and 30 km/hour respectively. To cross each other completely, the
time taken will be

(+2, -0.66)
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a. 10 sec

b. 15 sec

c. 18 sec

d. 20 sec

26. One student gets 20% of marks in an examination and fails by 30 marks. Another
student secures 32% of marks and gets 42 marks more than that required to pass.
The percentage of marks required to pass in that examination will be

a. 22% of marks

b. 25% of marks

c. 28% of marks

d. 30% of marks

(+2, -0.66)

27. A concrete post, planted vertically in a lake is seen with its top 7 m projecting
above the water surface. If its 1/3, 1/4 and 1/8 parts of the length are in water, mud
and sand respectively, the length of the post will be

a. 24 m

b. 27 m

c. 36 m

d. 42 m

(+2, -0.66)

28. The value of a machine depreciates every year by 5%. If the present value of the
machine be ₹100,000, its value after 3 years will be nearly

a. ₹95,198

b. ₹90,376

c. ₹87,556

(+2, -0.66)
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d. ₹85,738

29. A construction work is to be completed in 46 days by 117 men at work, 8 hours
being the working period per day. After 33 days, it is found that only 4/7 of the
work is completed. If the working time is increased to 9 hours/day, the number of
additional men required to complete the work in 46 days period will be

a. 72 men

b. 81 men

c. 90 men

d. 99 men

(+2, -0.66)

30. A man spends 2/5 of his salary on groceries and 3/10 the remaining on his
clothes. If he saves ₹10,500, his monthly salary will be

a. ₹30,000

b. ₹15,000

c. ₹20,000

d. ₹25,000

(+2, -0.66)

31. Which one of the following is the advantage of an 'equity capital'?

a. Dividends paid by a company are not tax deductible

b. Equity holders expect greater return as they undertake more risk

c. Equity shares are not repayable to the shareholders as these are
nonrefundable

d. Issue of equity shares also result in dilution of control of the company

(+2, -0.66)

32. Which one of the following branch of economics is focusing on improving fiscal,
economic and social conditions in developing (low income) countries?

(+2, -0.66)
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a. Social economics

b. Fiscal economics

c. Development economics

d. Micro economics

33. Which one of the following is correct with respect to the Industrial Relations Bill?

a. Workers can raise objection to retrenchment within five years

b. Government consent required for workers to move courts in case
conciliation fails

c. Trade union deemed registered if application not processed within six
months by government

d. Labour court, board of arbitration and tribunal court won't exist; only
industrial tribunal to continue

(+2, -0.66)

34. What is PPP in sustainable agricultural sector?

a. Public Product Percentage

b. Present Product Partnership

c. Public Private Partnership

d. Present Private Percentage

(+2, -0.66)

35. Which one of the following is an effort to get to the next stage of creating a pan-
India electronic portal, which networks the existing APMC mandis by creating a
national market for agricultural commodities?

a. National APMC Market

b. National Agricultural Market

c. National Network Portal

(+2, -0.66)
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d. National Electronic Portal

36. Which one of the following Yojanas replaces two schemes National Agricultural
Insurance Scheme (NAIS), 1999 as well as the Modified National Agricultural
Insurance Scheme (MNAIS), 2010 by incorporating the best features of all these
schemes while removing the previous short-comings and weaknesses?

a. Pradhan Mantri Krishi Sinchayee Yojana

b. Pradhan Mantri Fasal Sinchayee Yojana

c. Pradhan Mantri Krishi Bharat Yojana

d. Pradhan Mantri Fasal Bima Yojana

(+2, -0.66)

37. Which one of the following is not the principle of India's Foreign Policy for
Panchsheel?

a. Mutual non-interference in each other's affairs

b. Mutual contentions

c. Equality and mutual benefit

d. Peaceful co-existence

(+2, -0.66)

38. Government's strategy in respect of public expenditure and revenue can have
significant impact on the business is called

a. Monetary policy.

b. Fiscal policy

c. Trade policy

d. Industrial policy

(+2, -0.66)
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39. Which of the following arguments advanced in favour of labour-intensive
techniques? 

1. In underdeveloped countries there is an acute shortage of capital and
entrepreneurial resources 

2. There is considerable saving in foreign exchange 

3. These techniques quickly increase the supply of consumable goods and
obviate the danger of inflation 

4. More employment will be offered to the labour force in the long run

a. 1, 2 and 4 only

b. 1, 3 and 4 only

c. 1, 2 and 3 only

d. 2, 3 and 4 only

(+2, -0.66)

40. Which of the following features regarding 'Shram Suvidha Portal' are correct? 

1. Unique labour identification number (LIN) will be allotted to units to facilitate
online registration 

2. Mandatory uploading of inspection reports within 72 hours by labour inspectors 

3. Timely redressal of grievances will be ensured with the help of the portal

a. 1, 2 and 3

b. 1 and 2 only

c. 1 and 3 only

d. 2 and 3 only

(+2, -0.66)

41. In a triangle ABC, if the values of a = 3, b = 4 and sin A = 3/4, then the angle ∠B will
be

(+2, -0.66)
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a. 30°

b. 45°

c. 60°

d. 90°

42. In an area of an ellipse, if one percent error is made in measuring the major and
minor axis, the percentage error will be

a. 2%

b. 3%

c. 4%

d. 5%

(+2, -0.66)

43. Consider the following equation: R = a (1 - cosθ). The volume of the solid
generated by the revolution of the cardioid about the initial line will be

a. 3πa³/8

b. 3πa³/8

c. 8πa²/3

d. 8πa³/3

(+2, -0.66)

44. In how many ways can 5 prizes be distributed among 4 candidates when every
candidate can take one or more prizes ?

a. 1024

b. 625

c. 600

d. 120

(+2, -0.66)
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45. Consider the following equation : (x + y + 1)dx + (2x + 2y + 3)dy = 0. Solving the
equation will be where: u is (x + y + 1)

a. u - log(u + 1) = x + c

b. 2u + log(u - 1) = x + c

c. 2u - log(u + 1) = x + c

d. u + log(u - 1) = x + c

(+2, -0.66)

46. If 8 children and 8 men complete a certain job in 6 days and if each child takes
twice the time taken by a man to finish the same work, in how many days 8 men
will finish the same work?

a. 12 days

b. 10 days

c. 9 days

d. 8 days

(+2, -0.66)

47. Consider the following matrix : A = [[-2, 2, -3], [2, 1, -6], [-1, -2, 0]] The Eigen values
are

a. -3, -3 and 5

b. -3, 3 and -5

c. 3, 3 and -5

d. 3, -3 and 5.

(+2, -0.66)

48. If at a get-together 22 people shake their hands with each other, how many
handshakes will take place in all?

a. 132

(+2, -0.66)
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b. 231

c. 321

d. 484

49.

a. 14

b. 16

c. 18

d. 20

(+2,
-0.66)

50. The square root of the complex number 5 + 12i will be

a. 3 - 2i, 3 + 2i

b. 2 - 3i, -2 - 3i

c. 3 + 2i, -3 – 2i

d. 2 + 3i, 2 - 3i

(+2, -0.66)

51. Moral statements are merely used to express emotions and to try to influence
other people's behaviour but they are not supportable by valid moral reasons. This
is termed as

a. Nihilism

b. Compatibilism

c. Emotivism

d. Eudaimonia

(+2, -0.66)

If  = (xyz) + (3x y) ​ + (xz − y z) , the value of divergence of   at point (2, −1,1) will be:v î 2 ĵ 2 2 k̂ v
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52. In order to ensure the confluence of good engineering, good business, and good
ethics, it is essential for engineering and corporations, in their major dimensions,
to be

a. Socially aligned

b. Spiritually aligned

c. Morally aligned

d. Conscientiously aligned

(+2, -0.66)

53. What is Teinological Approach?

a. Developing an individual person-nel characteristics

b. We can know what is good only when we have fully understood the context

c. Judging whether an action is right, fair and honest

d. Placing posters about ethics throughout the organization

(+2, -0.66)

54. Self-respect, family happiness, comfortable life, professional growth and
recognition are

a. Terminal values

b. Instrumental values

c. Mainstream values

d. Human values

(+2, -0.66)

55. Yawning, sneezing, relaxing the body by bending backwards, snoring, spitting,
such habits are to be avoided in front of others in a gathering. A person who is
conscious of above habits is said to have

a. Ethics

b. Values

(+2, -0.66)
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c. Integrity

d. Civic sense

56. A balance between good and bad consequences of an action, taking into
account the consequences for everyone affected is known as

a. Virtue ethics

b. Utilitarianism

c. Duty ethics

d. Right ethics

(+2, -0.66)

57. Ethics that guides human conduct and sets out certain moral standard is called

a. Metaethics

b. Applied ethics

c. Normative ethics

d. Legal ethics

(+2, -0.66)

58. Statement (I): Explicit indicator is the methodology that should suggest specific
and measurable indicators to be used to qualify impacts on the relevant
environmental parameters. Statement (II): Magnitude methodology is the that
should provide for the measurement of impact magnitude.

a. Both Statement (I) and Statement (II) are individually true and Statement
(II) is the correct explanation of Statement (I)

b. Both Statement (I) and Statement (II) are individually true but Statement (II)
is NOT the correct explanation of Statement (I)

c. Statement (I) is true but Statement (II) is false

d. Statement (I) is false but Statement (II) is true

(+2, -0.66)
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59. Statement (I): A country which doubles its capital in ten years will have a higher
output per unit of capital than a country which doubles it in twenty years.
Statement (II): New investment and new technology go together.

a. Both Statement (I) and Statement (II) are individually true and Statement
(II) is the correct explanation of Statement (I)

b. Both Statement (I) and Statement (II) are individually true but Statement (II)
is NOT the correct explanation of Statement (I)

c. Statement (I) is true but Statement (II) is false

d. Statement (I) is false but Statement (II) is true

(+2, -0.66)

60. Statement (I): An evaluation and identification of sources, types and qualities of
pollutants generated by different phases of activity of project Statement (II): In
activity step model for environmental impact assessment studies, the detailed
evaluation of existing ambient air quality, meteorological conditions and nuclear
air quality existing in the project area.

a. Both Statement (I) and Statement (II) are individually true and Statement
(II) is the correct explanation of Statement (I)

b. Both Statement (I) and Statement (II) are individually true but Statement (II)
is NOT the correct explanation of Statement (I)

c. Statement (I) is true but Statement (II) is false

d. Statement (I) is false but Statement (II) is true

(+2, -0.66)

61. Which one of the following attack methods is originally developed as a rapid
method to conduct many different IP-based DoS attacks?

a. Nestea

b. Packet storms

c. Teardrop

d. Targa

(+2, -0.66)
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62. A special server-side programs that acts between the Hyper Text Transfer
Protocol HTTP server and other local resources such as databases is

a. HTML programs

b. JavaScript programs

c. Gateway programs

d. High Level programs

(+2, -0.66)

63. Which of the following log files records failed logins in UNIX Operating System?

a. Aculog

b. Xferlog

c. Loginlog

d. Syslog

(+2, -0.66)

64. What is the time to perform search, insert, and delete operations in the average
case as well as the worst case by using AVL tree?

a. O(n)

b. O(log(n))

c. O(n²)

d. O(n log(n))

(+2, -0.66)

65. Which one of the following digital investigation models is based on the 'Zachman
Framework' and was created to assist with the design, development and
management of enterprise IT architecture?

a. Physical model

b. Staircase model

(+2, -0.66)
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c. FORZA model

d. Sub-phase model

66. An equivocal forensic analysis is one in which the conclusions regarding the
physical and digital evidence are

a. End of interpretation

b. Still open to interpretation

c. Reconstruction of interpretation

d. Reformation of interpretation

(+2, -0.66)

67. Cross-site scripting is a general set of techniques whereby an attacker is able to

a. Send the mass e-mails to the recipients

b. Host a website on an infected or malicious web server

c. Execute a malicious code on another system through an intermediary web
application

d. Control on the web application through SQL control characters

(+2, -0.66)

68. An idea, a design, a manuscript, an invention, or a concept which will give rise to a
useful product/application, is known as

a. Intellectual property right

b. Employees right

c. Professional right

d. Recognition right

(+2, -0.66)

69. An engineering ethics is the study of (+2, -0.66)
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a. Decisions, policies and values that are morally desirable in engineering
practice and research

b. Policies, time-management and values that are morally desirable in
engineering practice and research

c. Decisions, time-management and values that are morally desirable in
engineering practice and research

d. Policies, human resource management and values that are morally
desirable in engineering practice and research

70. Manufacturing, selling or transporting products (liquor and narcotics) that are
prohibited by law, is called

a. Industrial espionage

b. White-collared crimes

c. Bootlegging

d. Glitching

(+2, -0.66)

71. Which one of the following phases is predominantly a testing and final
standardization effort so that operations can begin in project management?

a. Conceptual phase

b. Production phase

c. Operational phase

d. Evaluation phase

(+2, -0.66)

72. Which one of the following float of an activity is the spare time available for that
activity, if that activity is started as late as possible and is finished as early as
possible?

a. Total float

(+2, -0.66)
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b. Independent float

c. Free float

d. Slack

73. If the nominal rate of interest is 12% and is compounded quarterly, the effective
rate of interest will be

a. 10-6% per annum

b. 12-6% per annum

c. 14-4% per annum

d. 16-4% per annum

(+2, -0.66)

74. Which one of the following approaches is available to estimate the rate of returns
required by the equity share-holder?

a. Dividend growth approach

b. Dividend reinvestment approach

c. Dividend capitalization approach

d. Dividend pricing model approach

(+2, -0.66)

75. An assessment of comparative strength and weaknesses of a business firm in
relation of competitions on one hand and the environmental opportunities and
threats which a firm may be exposed to face is carried through

a. Time-series analysis

b. Cost-benefit analysis

c. SWOT analysis

d. Profit analysis

(+2, -0.66)
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76. Which of the following is not considered as fundamental dimension of project
plans?

a. Time

b. Cost

c. Scope

d. Quality

(+2, -0.66)

77. The shadow price of a unit of foreign exchange is...

a.

b.

c.

d.

(+2, -0.66)

78. An Income Elasticity of Demand ei is

Where:
Q1 is quantity demanded in the base year

Q2 is quantity demanded in the following year

I1 is income level in the base year

12 is income level in the following year

a.

b.

c.

(+2, -0.66)
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d.

79. Consider the following data: 

Atomic radius of copper = 1.278 Å 

Aw = 63.54, 

Ne = 4, 

Na = 6.023 × 10²³ 

The density of the copper will be nearly

a. 9 gram/cm³

b. 7 gram/cm³

c. 5 gram/cm³

d. 3 gram/cm³

(+2, -0.66)

80. The Knoop's Hardness Number (KHN) is

a. PC/L²

b. P/(L²C)

c. (P+C)/L²

d. P/(L²-C)

(+2, -0.66)

81. Microorganisms which can produce matter some extent through oxidation of
certain chemicals in the absence of sunlight are known as

a. Photo-autotrophs

b. Chemo-autotrophs

c. Micro-autotrophs

(+2, -0.66)

​ ×
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d. Oxi-autotrophs

82. The downstream concentration CI in a mathematical model of simple water
quality mixing with respect to EIA methodologies is

a. (QoCo + QeCe) / (Qo + Qe)

b. (QoCo - QeCe) / (Qo + Qe)

c. (QoCo + QeCe) / (Qo - Qe)

d. (QoCo - QeCe) / (Qo - Qe)

(+2, -0.66)

83. The available wind power Pa in an aero-turbine is

a. (1/8)ρπD²V³

b. (3/8)ρπD³V²

c. (1/8)ρπD³V²

d. (3/8)ρπD²V³

(+2, -0.66)

84. 'Algal Bloom' is, when unusually large concentrations of

a. Nutrients are present in water bodies; an excess growth of algae appears

b. Planktons are present in water bodies; an excess growth of algae appears

c. Bacteria are present in water bodies; an excess growth of algae appears

d. Oxygen is present in water bodies; an excess growth of algae appears

(+2, -0.66)

85. The correct sequence of the components of biological diversity or biodiversity in
the hierarchy of eco-system is

a. Landscape, Population, Species, Community and Gene

b. Community, Landscape, Population, Species and Gene

(+2, -0.66)
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c. Landscape, Community, Population, Species and Gene

d. Community, Population, Landscape, Species and Gene

86. The geometrical shape or form of the smoke coming out of a chimney is called

a. Fume

b. Fog

c. Plume

d. Smog

(+2, -0.66)

87. A situation when there is a prolonged period of inadequate rain fall, marked with
erratic distribution of the same over time and space, is called

a. Agricultural drought

b. Ecological drought

c. Hydrological drought

d. Meteorological drought

(+2, -0.66)

88. The process of converting the solid wastes-sewage sludge, domestic and
agricultural wastes into compost manure is called

a. Sericulture

b. Ployculture

c. Bio-digester

d. Vermiculture

(+2, -0.66)

89. A mass movement in which material moves along a curved surface of rupture
(slow or moderately rapid movement of a coherent body of rock) is called

(+2, -0.66)
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a. Soil creep

b. Slump

c. Rockslide

d. Earth creep

90. A layout which is designed in such a way that the entire process of receiving raw
materials, processing and the outward movement of the finished goods takes
place smoothly and efficiently is called

a. Transport layout

b. Organizational layout

c. General functional layout

d. Utilities layout

(+2, -0.66)

91. Ceramic raw materials are joined using a binder that does not require firing or
sintering in a process called

a. Coating

b. Cementation

c. Enamel

d. Slip casting

(+2, -0.66)

92. For many alloy systems at specific temperature, a maximum concentration of
solute atoms that dissolve in the solvent to form a solid solution is

a. Equilibrium of alloy

b. Free energy

c. System

(+2, -0.66)
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d. Solubility limit

93. The long chain molecules are randomly oriented in

a. Plastic

b. Metal

c. Diamond

d. Coal

(+2, -0.66)

94. In which one of the following dis-locations, an extra portion of a plane of atoms or
half plane, the edge of which terminates within the crystal?

a. Screw dislocation

b. Edge dislocation

c. Mixed dislocation

d. Burgers dislocation

(+2, -0.66)

95. The bond that is formed between water molecules due to attraction between the
positively-charged hydrogen end of a molecule and the negatively-charged
oxygen end of another molecule is called

a. Hydrogen bond

b. Covalent bond

c. Ionic bond

d. Metallic bond

(+2, -0.66)

96. The capacity of a material to absorb energy when it is deformed elastically and
then, upon unloading, to have this energy recovered is called

a. Toughness

(+2, -0.66)
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b. Resilience

c. Modulus of elasticity

d. Yielding

97. A specimen of steel having an original diameter of 12.8 mm is tensile tested to
fracture and found to have engineering fracture strength of 460 MPa. If its cross
sectional diameter at fracture is 10.7 mm, the ductility in terms of percent
reduction in area will be

a. 25%

b. 30%

c. 35%

d. 40%

(+2, -0.66)

98. External companies are enabled to view some of a particular company's
information and such sharing of information is known as

a. Ethernet

b. Internet

c. Extranet

d. Fibernet

(+2, -0.66)

99. A system or group of systems that enforces an access control policy between a
trusted network and an untrusted network is called

a. Perimeter access control

b. Intrusion monitoring

c. Interfacing the hardware components

d. Managing the network privately

(+2, -0.66)
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100. Which one of the following is the correct sequence of e-Governance evolution
model?

a. Information, Transaction, Transformation and Interaction

b. Information, Transaction, Interaction and Transformation

c. Information, Transformation, Transaction and Interaction

d. Information, Interaction, Transaction and Transformation

(+2, -0.66)
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Answers

1. Answer: a

Explanation:

Understanding Management Functions in the Preproduction
Phase

The question asks about the primary management function that is correct during the
preproduction phase. Let's break down what the preproduction phase involves and how
different management functions fit into it.

What is the Preproduction Phase?

The preproduction phase is the crucial stage that occurs before actual production or execution
begins. It involves all the activities needed to prepare for the main work. Think of it as getting
everything ready before you start building or creating something.

Typical activities in preproduction include:

Developing concepts and detailed plans.
Identifying and securing resources (materials, equipment, budget).
Forming teams and assigning roles.
Setting up workflows and processes.
Creating schedules and timelines.

Analyzing Management Functions

Let's look at the four core management functions often identified:

Plan: This involves setting goals, defining strategies, and outlining the actions needed to
achieve objectives. Planning is the foundational function that determines what needs to
be done, when, and how.
Organize: This function focuses on arranging resources, tasks, and people into a structure
to implement the plan. It involves creating departments, assigning responsibilities, and
establishing relationships between different elements.
Staff: This is the process of recruiting, selecting, training, and developing people to fill the
positions needed within the organizational structure. Staffing ensures that the right people
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are in the right jobs.
Control: This function involves monitoring progress, comparing actual performance
against planned goals, and taking corrective action when necessary. Control happens
during and after execution to ensure objectives are met efficiently and effectively.

Management Functions During Preproduction

Now let's consider which function is most prominent or correct during the preproduction phase:

Plan: While initial high-level planning might happen before preproduction starts, detailed
planning certainly continues within the preproduction phase. However, preproduction is
also about setting up the structure based on the plan.
Organize: The preproduction phase heavily involves taking the plans and creating the
structure needed for execution. This includes structuring teams, allocating resources,
defining workflows, and establishing reporting lines. This is the core of organizing.
Staff: Identifying and placing the necessary personnel is part of getting ready, and it falls
under the broader function of organizing the human resources needed for the project or
production.
Control: Controlling progress and performance happens once production or execution is
underway. It is not a primary activity in the phase *before* work begins.

Considering the activities of securing resources, forming teams, assigning roles, and setting up
workflows, the function of Organize is critically important and highly active during the
preproduction phase. It is the process of structuring the resources and activities to be ready for
the subsequent production or execution phase.

Conclusion

Based on the roles of the different management functions and the typical activities of the
preproduction phase, 'Organize' is the management function that most accurately describes a
key activity during this period.
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Management
Function

Primary Focus Typical Phase

Plan
Setting goals, strategies,
actions

Before Preproduction & during
Preproduction (detailed planning)

Organize
Structuring resources, tasks,
people

During Preproduction

Staff Finding and placing people
Often part of Organizing during
Preproduction & beyond

Control
Monitoring performance,
corrective action

During Production/Execution & After
Production/Execution

Revision Table: Management Functions and Phases

Management
Function

Key Role in Preproduction

Plan Involves detailed planning of steps, schedules, budgets.

Organize
Structuring teams, assigning roles, allocating resources, establishing
workflows.

Staff Hiring/assigning required personnel to roles.

Control
Monitoring readiness, setting up feedback mechanisms (less active
than others).

Additional Information: Importance of Organizing in
Preproduction

Effective organizing during the preproduction phase is vital for the success of the subsequent
production phase. Without proper structure, assigned responsibilities, and allocated resources,
the production process can be chaotic, inefficient, and prone to errors. Organizing ensures that
all the necessary components are in place and aligned before work begins, setting a strong
foundation for execution.
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While planning provides the roadmap, organizing builds the vehicle and prepares the team for
the journey. Staffing is a critical part of this organizational setup, ensuring the right people are
on board. Control mechanisms are often planned during preproduction, but the actual control
activity happens later.

2. Answer: d

Explanation:

Understanding Control Charts for Service Quality Monitoring

Control charts are essential tools in statistical process control (SPC) used to monitor a process
over time and detect when it is going out of statistical control. They help distinguish between
common cause variation (random, expected variation) and special cause variation
(assignable, unexpected variation) that needs investigation.

When monitoring service quality characteristics like customer complaints, we often deal with
counts or proportions rather than measurements. This means we use 'attribute' control charts
instead of 'variable' control charts.

Types of Control Charts Explained

Let's look at the types of control charts mentioned in the options and determine which one is
suitable for monitoring the number of daily customer complaints in a hotel:

R-chart (Range Chart): This is a variable control chart used to monitor the variability
within subgroups of data measured on a continuous scale (like length, weight, time). It
tracks the range (difference between the maximum and minimum values) within
samples. It is not suitable for counting defects or occurrences like customer complaints.
X-chart (Average Chart): This is also a variable control chart used to monitor the average
(mean) of a characteristic measured on a continuous scale across subgroups of data. It
tracks shifts in the central tendency of the process. Like the R-chart, it's for measurement
data, not counts of complaints.
p-chart (Proportion Chart): This is an attribute control chart used to monitor the
proportion or fraction of nonconforming items (defects) in a sample of varying size. For
example, monitoring the percentage of dissatisfied customers in a daily survey sample.
While related to defects, it tracks a proportion, not the total number of complaints per
unit.
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c-chart (Count Chart): This is an attribute control chart used to monitor the number of
defects or occurrences per unit of observation when the unit size is constant. Examples
include the number of scratches per panel, the number of errors per page, or the number
of customer complaints per day. This chart is specifically designed for situations where
you are counting occurrences within a defined, consistent unit.

Applying Control Charts to Daily Customer Complaints

The question asks about monitoring the number of daily customer complaints in a hotel. This
involves counting how many complaints are received each day. A 'day' is the constant unit of
observation, and 'customer complaints' are the occurrences or defects being counted within
that unit.

Based on the descriptions above, the c-chart is the appropriate tool for this specific scenario
because it is designed to monitor the number of occurrences (complaints) within a constant
unit (day).

Comparing the charts for this specific use case:

Control
Chart

What it monitors
Suitable for counting

daily customer
complaints?

Reason

R-chart
Range of
measurements

No
Used for variable data, not
counts.

X-chart
Average of
measurements

No
Used for variable data, not
counts.

p-chart
Proportion of
nonconforming items

No
Used for proportions, not the
total number of occurrences
per unit.

c-chart
Number of
occurrences (defects)
per unit

Yes
Specifically designed for
counting events within a
constant unit like 'per day'.

Therefore, to monitor the number of daily customer complaints in a hotel and understand if
the process is stable or if special causes are affecting the complaint rate, a c-chart is the
correct choice.
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Revision Table: Control Charts for Monitoring Quality

Chart
Type

What it monitors Data Type Unit Example Use

X-bar
& R

Process average (&
variability)

Variable
(Measurement)

Subgroup
Monitoring dimension of
parts

X-bar
& s

Process average (&
standard deviation)

Variable
(Measurement)

Subgroup
(larger n)

Monitoring chemical
concentration

I & MR
Individual value (&
moving range)

Variable
(Measurement)

Individual
observation

Monitoring process
temperature

p
Proportion of
nonconforming
items

Attribute
(Binomial)

Variable
sample size

Monitoring percentage of
defective products

np
Number of
nonconforming
items

Attribute
(Binomial)

Constant
sample size

Monitoring number of
defective items in
samples of 100

c
Number of
occurrences
(defects)

Attribute
(Poisson)

Constant unit
Monitoring number of
scratches per car panel

u
Number of
occurrences
(defects) per unit

Attribute
(Poisson)

Variable unit
size

Monitoring number of
defects per roll of fabric
(rolls of different lengths)

Additional Information on Control Charts for Service Quality

Control charts are a key tool in quality management and process improvement. They provide
a visual way to track process performance over time. When monitoring service quality,
choosing the right chart depends precisely on what is being measured:

If you are counting the number of events (like complaints) in a standard period (like a
day), the c-chart is appropriate.
If you are looking at the proportion of customers who complain out of a total number
surveyed, the p-chart would be more suitable.
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If you were measuring the average waiting time (a measurement), an X-bar chart might
be used.

Using the correct control chart ensures that you are accurately monitoring the right aspect of
your process and can make informed decisions about when and how to intervene for
improvement.

3. Answer: c

Explanation:

Understanding the Reliability Number in Sampling

In quality control and testing, the reliability number is a measure used in a sampling process
to estimate the performance or durability of a batch of units based on testing a sample. It
essentially indicates the likelihood that a unit from the sample, and by extension from the
batch, will perform without failure under specified conditions.

When performing a sampling process, we test a certain number of units from a larger batch.
During this testing, some units might fail; these are referred to as defective units. The reliability
of the sample (and the estimated reliability of the batch) is inversely related to the number of
defective units found.

Calculating Reliability Based on Sampling

Reliability is typically expressed as a percentage, representing the proportion of units that are
expected to be non-defective or functional. If we know the total number of units tested and
the number of defective units found, we can calculate the proportion of defective units:

Proportion of defective units = 

The proportion of non-defective units is 1 minus the proportion of defective units:

Proportion of non-defective units = 

To express this proportion as a percentage (the reliability number), we multiply by 100:

Reliability (%) = 

Expanding this, we get:

​Number of units tested
Number of defective units

1 − ​Number of units tested
Number of defective units

1 − ​ ×( Number of units tested
Number of defective units ) 100
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Reliability (%) = 

Reliability (%) = 

Analyzing the Provided Options for Reliability Calculation

Let's compare the derived formula for the reliability number with the given options:

1. 100 + [Number of defective units / Number of units tested] × 100 : This formula adds the
percentage of defective units to 100, which would result in a reliability greater than 100% if
any defects are found, or exactly 100% if no defects are found. This does not correctly
represent reliability, which should decrease as defective units increase.

2. 100 - [Number of defective units / Number of units tested] + 100 : This formula is not standard
for calculating a percentage of non-defective units. It doesn't correctly relate the number
of defects to a percentage out of 100.

3. 100 - [Number of defective units / Number of units tested] × 100 : This formula subtracts the
percentage of defective units from 100. This precisely matches our derived formula for
reliability percentage. If there are no defective units, the term being subtracted is 0,
resulting in 100% reliability. If all units are defective, the term is 100, resulting in 0%
reliability. This correctly reflects the concept of reliability based on defects.

4. 100 + [Number of defective units / Number of units tested] - 100 : This formula simplifies to
just [Number of defective units / Number of units tested] . This represents the proportion of
defective units, not the reliability (proportion of non-defective units) expressed as a
percentage.

Based on this analysis, the formula that correctly represents the reliability number in a
sampling process is the one that subtracts the percentage of defective units from 100.

Conclusion on Reliability Number Formula

The reliability number, often expressed as a percentage in a sampling process, is calculated
by taking 100% and subtracting the percentage of units found to be defective during testing.
The formula that represents this is:

Revision Table: Key Concepts in Sampling and Reliability

1 × 100 − ​ ×( Number of units tested
Number of defective units ) 100

100 − ​ ×( Number of units tested
Number of defective units ) 100

Reliability Number = 100 − ​ ×( Number of units tested
Number of defective units ) 100
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Concept Explanation Relevance to Reliability

Sampling
Process

Testing a subset (sample) of a larger
group (batch) to infer properties of the
whole group.

Reliability is estimated based on
the sample results.

Number of
Units Tested

The total count of items examined in the
sample.

Forms the denominator in the
defect proportion calculation.

Defective
Units

Items in the sample that fail to meet
specified requirements during testing.

Higher number of defective units
leads to lower reliability.

Reliability
Number

A quantitative measure (often
percentage) of the likelihood of an item
performing its intended function without
failure.

Calculated using the formula
involving total units tested and
defective units found.

Additional Information: Factors Affecting Sampling Reliability
Estimates

While the formula provides a way to calculate reliability from sample data, several factors
influence the accuracy and confidence in this estimate:

Sample Size: A larger sample size generally provides a more accurate estimate of the
batch reliability.
Sampling Method: How the sample is selected (e.g., random sampling) affects how well it
represents the entire batch.
Testing Conditions: The conditions under which units are tested must be representative of
their intended use environment.
Definition of Defective: A clear and consistent definition of what constitutes a "defective
unit" is crucial.
Statistical Confidence: Statistical methods are often used alongside the reliability number
to express confidence levels in the estimate for the entire batch.

4. Answer: d

Explanation:
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Understanding Noise Factors in Elastomeric Connector
Experiments

In experimental design, it's important to distinguish between different types of factors that can
influence the outcome of an experiment. These typically include control factors, noise factors,
and response variables.

Let's consider the factors listed for the experiment on the 'Elastomeric Connector':

Conditioning time
Interference
Conditioning temperature
Connector wall thickness

We need to identify which of these are likely noise factors for an experiment involving an
elastomeric connector.

What are Noise Factors?

Noise factors are variables that are difficult or impossible to control during an experiment.
While we cannot control them directly, they can still significantly affect the experimental
results. The goal is often to design systems or processes that are robust, meaning they are
insensitive to the effects of noise factors.

Analyzing Potential Noise Factors

Let's look at each factor in the context of an elastomeric connector experiment:

1. Conditioning time: How long the connector is kept under specific conditions (like
temperature or humidity) before testing. While you might try to control the target
conditioning time, slight variations can occur due to the environment or handling.
Moreover, the exact effect of time on the material properties might be considered a
variable you are not actively controlling for its *influence*, but rather allowing it to vary
naturally as part of the pre-test preparation, acting as a source of variability in the final
test results.

2. Interference: This likely refers to mechanical interference when the connector is
assembled or used. Interference is typically a design parameter or a controlled variable
that can be set (e.g., by adjusting dimensions). It is something you would likely control or
vary intentionally as part of the experiment to study its effect. Therefore, it is less likely to
be considered an uncontrollable noise factor.
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3. Conditioning temperature: The temperature at which the connector is conditioned before
testing. Similar to conditioning time, while you might aim for a specific temperature,
environmental temperature fluctuations or limitations of the conditioning equipment can
lead to variations. Elastomers are also highly sensitive to temperature, meaning even
small variations could impact their properties and the experimental outcome. These
uncontrollable temperature variations act as noise.

4. Connector wall thickness: This is a physical dimension of the connector. It is a design
parameter that is fixed during manufacturing or intentionally varied as a control factor in
an experiment to study how thickness affects performance. It is a characteristic of the
connector itself and is typically controlled, not a source of random, uncontrollable
variation during testing.

Identifying the Noise Factors

Based on the analysis, factors related to environmental or pre-test conditions that are hard to
control precisely or whose exact influence is not the primary focus of control are often
considered noise factors. In this case, Conditioning time and Conditioning temperature fit this
description better than Interference or Connector wall thickness, which are more likely to be
controlled design or test parameters.

Therefore, the noise factors for the experiment on the 'Elastomeric Connector' are Conditioning
time and Conditioning temperature.

Revision Table: Experiment Factors

Factor Description Likely Role (Control/Noise)

Conditioning time
Duration under specific
environmental conditions

Noise (difficult to perfectly control,
variations can affect results)

Interference Mechanical fit/overlap
Control (design parameter, set
intentionally)

Conditioning
temperature

Temperature during
conditioning

Noise (environmental variation,
equipment limitations)

Connector wall
thickness

Physical dimension of the
connector

Control (design parameter, fixed or
set)

Additional Information: Experimental Design Concepts

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Understanding different types of factors is crucial in experimental design, particularly in
methodologies like Taguchi methods, which aim to make designs robust against noise.

Control Factors: Variables that can be easily controlled and set to specific levels by the
experimenter. The experiment is designed to study how these factors influence the
response.
Noise Factors: Variables that are difficult or impossible to control during the experiment
but can cause variations in the response. The goal is to minimize the sensitivity of the
response to these factors.
Response Variable: The output or result being measured in the experiment. For an
elastomeric connector, this could be contact resistance, insertion force, durability, etc.

By identifying noise factors, experimenters can try to design the product or process in a way
that its performance is less affected by the unavoidable variations caused by these factors.

5. Answer: c

Explanation:

Understanding Factors Influencing Customer Perception of
Service Quality

Customer perception of service quality is shaped by a variety of factors. These factors can
broadly be categorised as either internal or external to the service provider.

Internal factors are those that originate within the company or are directly related to its
operations, resources, and strategies. The company has direct control or significant influence
over these factors.

External factors are those that originate outside the company and are generally beyond its
direct control, such as market conditions, competitor actions, cultural trends, or technological
advancements.

The question asks us to identify which of the given options are internal factors that influence
customer perception of service quality. Let's examine each statement:

Statement 1: Knowledge explosion

The knowledge explosion refers to the rapid increase in the volume and accessibility of
information. This is a broad societal and technological trend. While it can influence
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customer expectations (e.g., customers are more informed), it is an external
environmental factor, not an internal factor of a specific company.
Statement 2: Annual and quarterly reports

Annual and quarterly reports are internal documents produced by a company to
summarise its financial performance, operations, and strategies. These reports are
generated internally and reflect the company's internal state and activities. While they
might not directly interact with customers daily, their content and the information they
contain can influence internal decisions, employee morale, or even be communicated in
ways that shape perception. They are definitively internal to the company.

Statement 3: Social values and changes in lifestyle

Social values and changes in lifestyle refer to shifts in societal norms, beliefs, and how
people live. These are external demographic and cultural trends that influence customer
needs, preferences, and expectations. A company must adapt to these changes, but the
changes themselves are external factors, not internal ones.

Statement 4: Increase consumer participation in service delivery through motivated
employees

This statement describes an internal strategy involving both the operational process
(increasing consumer participation in service delivery) and an internal resource
(motivated employees). Motivated employees are an internal asset, and involving
customers in the service delivery process is an internal operational design choice. How
service is delivered and the attitude/skill of employees are crucial internal factors directly
impacting customer experience and perception.

Based on this analysis, statements 2 and 4 represent factors or activities that are internal to
the service providing company.

Statement 1 is an external trend.
Statement 2 is an internal reporting/operational factor.
Statement 3 is an external trend.
Statement 4 is an internal operational and human resource factor.

Therefore, the internal factors from the given list are 2 and 4.

Revision Table: Internal vs. External Factors
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Statement Description Classification Influence on Perception

1. Knowledge
explosion

Rapid increase in
information access.

External
Indirect (shapes
customer expectations)

2. Annual and
quarterly reports

Company
financial/operational
summaries.

Internal
Indirect (influences
internal decisions
impacting service)

3. Social values and
changes in lifestyle

Shifts in societal
norms/living patterns.

External
Indirect (shapes
customer
needs/preferences)

4. Increase consumer
participation through
motivated
employees

Involving customers in
service via employee
efforts.

Internal
Direct (impacts service
delivery experience)

Additional Information: Components of Service Quality
Perception

Customer perception of service quality is complex and influenced by various elements. While
internal factors like motivated employees and operational efficiency are key, external factors
and the service delivery process itself play significant roles.

Common dimensions used to evaluate service quality often include:

Reliability: Ability to perform the promised service dependably and accurately.
Responsiveness: Willingness to help customers and provide prompt service.
Assurance: Knowledge and courtesy of employees and their ability to convey trust and
confidence. (Strongly linked to internal factors like employee training and motivation).
Empathy: Caring, individualized attention provided to customers. (Also linked to internal
factors like employee attitude and culture).
Tangibles: Physical appearance of facilities, equipment, personnel, and communication
materials. (An internal factor related to operational investment).

Understanding both internal and external factors helps businesses manage and improve the
service quality they deliver, ultimately enhancing customer perception and satisfaction.
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6. Answer: d

Explanation:

Understanding Total Quality Management (TQM)

Total Quality Management (TQM) is a management philosophy that aims to achieve long-
term success by focusing on customer satisfaction. It involves all members of an organization
in improving processes, products, and services continuously. TQM emphasizes data-driven
decision-making and empowering employees at all levels.

Analyzing Statements Regarding TQM Structure

Let's examine each statement provided in the options to see which one correctly describes
TQM principles related to organizational structure and approach.

Statement 1: It proposes hierarchical organization structure

A hierarchical structure is traditional, with clear layers of management and authority
concentrated at the top. TQM, however, promotes employee involvement, teamwork, and
faster decision-making. This is often facilitated by reducing layers of management and
empowering employees lower down. Therefore, a strict hierarchical structure is generally not
advocated by TQM.

Statement 2: It has a result oriented approach

While achieving positive results (like increased customer satisfaction and profitability) is a
goal of TQM, the approach itself is heavily focused on the process. TQM believes that
consistently good results come from consistently good processes. The emphasis is on
improving *how* work is done, rather than just focusing on the final outcome without
addressing the underlying methods. So, it's more process-oriented with a view to achieving
results, not solely result-oriented.

Statement 3: Its technical efficiency and cost cutting approaches are dominant

Technical efficiency and cost reduction can be outcomes of applying TQM principles, but they
are not the primary or dominant focus. TQM's core focus is on quality and customer value.
Improvements in quality and process efficiency often lead to reduced costs and increased
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technical efficiency, but these are seen as consequences of focusing on quality and customer
satisfaction, not the main drivers.

Statement 4: It advocates a flatter organization structure with large span of
control where authority is pushed as far down as possible

This statement aligns well with TQM principles. TQM encourages:

Flatter Structure: Reducing layers of management improves communication and speeds
up decision-making.
Large Span of Control: Managers oversee more employees, often relying on empowered
teams.
Authority Pushed Down: Empowering employees at lower levels to make decisions
regarding their work is a cornerstone of TQM. This promotes ownership, faster problem-
solving, and continuous improvement.

This decentralized approach enables employees who are closest to the processes and
customers to make timely and effective decisions, which is crucial for continuous quality
improvement.

Conclusion on TQM Structure

Based on the analysis of each statement, TQM philosophy strongly supports empowering
employees and decentralizing decision-making to improve quality and responsiveness. This is
best achieved through a flatter organizational structure.

Revision Table: TQM vs. Traditional Structure

Feature Traditional Structure TQM-aligned Structure

Hierarchy Tall, many layers Flatter, fewer layers

Decision Making Centralized (top-down) Decentralized (pushed down)

Employee Role Follow instructions Empowered, involved in improvement

Focus Hierarchy, control Process, quality, customer, empowerment

Additional Information on TQM and Empowerment
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Employee empowerment is a key pillar of Total Quality Management. It means giving
employees the authority, resources, and responsibility to make decisions and take actions
related to their work and quality improvement. When authority is pushed down to the lowest
possible level where the work is done, it enables quicker identification and resolution of
problems. This not only improves efficiency and quality but also boosts employee morale and
commitment to quality goals. A flatter structure naturally supports this by reducing
bureaucratic hurdles and bringing decision-makers closer to the operational level.

7. Answer: b

Explanation:

Understanding Six Sigma Core Steps

Six Sigma is a data-driven methodology used for process improvement, aiming to eliminate
defects and reduce variation. It provides a systematic approach to problem-solving and
achieving near-perfect results.

The core steps often referred to in Six Sigma depend on the specific methodology being
applied. The most common one for improving existing processes is DMAIC, while DMADV (or
DFSS - Design for Six Sigma) is used for designing new processes or products.

The question asks for the 'core steps'. Let's look at the options provided and relate them to
standard Six Sigma methodologies.

Analyzing Six Sigma Methodology Steps

Six Sigma projects typically follow a structured sequence of phases. The DMAIC methodology,
widely used for improving existing processes, consists of five phases:

Define: Clearly state the problem, project goals, and customer deliverables.
Measure: Measure the current process to collect data on performance and identify the
extent of the problem.
Analyze: Analyze the data collected to identify the root causes of defects or variations.
Improve: Implement solutions to eliminate the root causes.
Control: Put controls in place to ensure the improved process is maintained.

The DMADV methodology, used for designing new processes or products, consists of five
phases:
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Define: Define design goals that are consistent with customer demands and enterprise
strategy.
Measure: Measure and identify CTQs (characteristics that are critical to quality), product
capabilities, production process capability, and risks.
Analyze: Analyze to develop various design options and select the best design.
Design: Design the details, optimize the design, and plan for verification.
Verify: Verify the design, set up pilot runs, implement the production process, and hand it
over to the process owner(s).

Comparing the options with these standard methodologies, the steps mentioned in option 2,
"Define, measure and analyze," align perfectly with the initial, fundamental phases of both
DMAIC and DMADV. These first three steps are crucial for understanding the problem,
quantifying it, and identifying its causes before any improvement or design work begins.

Evaluating the Options for Six Sigma Core Steps

Let's evaluate each option:

Option 1: Improve, control and measure. These are phases within DMAIC, but not the initial
core steps needed to define and understand the problem first.
Option 2: Define, measure and analyze. These are the crucial first three steps in both
DMAIC and DMADV, forming the core foundation for understanding the current state and
root causes.
Option 3: Design, verify and control. These steps appear primarily in the later stages of
DMADV (Design and Verify) and DMAIC (Control), not representing the initial core problem
definition and analysis.
Option 4: Measure, analyze and define. While these phases are part of Six Sigma, the
standard sequence typically starts with 'Define' to frame the problem correctly before
measuring.

Therefore, "Define, measure and analyze" represent the foundational core steps in establishing
a Six Sigma project and understanding the problem landscape.
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Core Six Sigma Methodologies Phases Comparison

Phase DMAIC (Improve Existing) DMADV (Design New)

Define Define problem, goals, customer needs Define design goals

Measure Measure current performance Measure CTQs, capabilities, risks

Analyze Analyze data for root causes Analyze design options

Improve Implement solutions

Control Control the improved process

Design Design details, optimize

Verify Verify design, implement

The steps Define, Measure, and Analyze are common to the beginning of both major Six Sigma
methodologies and are essential for setting up and understanding any process improvement
or design effort.

Revision Table: Six Sigma Core Steps

Key Six Sigma Steps Recap

Step Purpose Focus

Define
Understand the
problem/project scope

Problem statement, goals, customer needs
(CTQs)

Measure
Quantify the problem/process
performance

Data collection, baseline metrics

Analyze Identify root causes
Data analysis, hypothesis testing, identifying key
inputs (X's) affecting outputs (Y's)

Additional Information: Six Sigma Principles

Six Sigma is more than just a set of steps; it's a business management strategy focused on
process improvement and variation reduction. Key principles include:
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Genuine focus on the customer.
Data-driven management.
Focus on processes.
Proactive management.
Boundaryless collaboration.
Drive for perfection; tolerate failure.

Understanding these principles provides context for why the structured steps like Define,
Measure, and Analyze are so critical to the success of Six Sigma initiatives.

8. Answer: a

Explanation:

Understanding Control Charts for Attributes and UCL

Control charts are powerful tools used in Statistical Process Control (SPC) to monitor a process
over time. They help distinguish between common cause variation (random, inherent in the
process) and special cause variation (assignable, requires investigation). Attribute control
charts are used when the quality characteristic is measured as either conforming or non-
conforming, or when counting defects.

The question asks about the Upper Control Limit (UCL) for control charts related to "non-
confirming units" with constant or variable sample size. Non-conforming units refer to entire
items or products that fail to meet specifications. This type of data is typically analyzed using
a p-chart or an np-chart.

P-chart: Plots the proportion of non-conforming units in a sample. It is used when sample
size is constant or variable.
NP-chart: Plots the number of non-conforming units in a sample. It is primarily used when
the sample size is constant.
C-chart: Plots the number of defects per unit. Used when the sample size (number of
units inspected) is constant.
U-chart: Plots the number of defects per unit. Used when the sample size varies.

Since the question mentions "non-confirming units" and "constant or variable sample size", a
p-chart is the most appropriate control chart type among those represented by the options.
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The control limits for attribute charts are typically set at  (three standard deviations) above
and below the central line, which represents the process average.

Analyzing the Standard P-Chart Formula

For a p-chart, the process average proportion of non-conforming units is denoted by  or .

The standard deviation of the sample proportion ( ) is given by . Using the process

average, the estimated standard deviation is  for a constant sample size , or

 for variable sample size with average sample size .

The standard formula for the Upper Control Limit (UCL) of a p-chart is:

This formula applies for a constant sample size .

Evaluating the Given Options

Let's look at the provided options:

1. 

2. 

3. 

4. 

Comparing these options to the standard formulas:

Option 3 is the standard UCL for a c-chart (defects per unit).
Option 4 is the standard UCL for a u-chart (defects per unit, variable sample size).
Option 2 resembles the UCL for an np-chart (number non-conforming), which is typically

, but the terms inside the square root are different.
Option 1 resembles the UCL for a p-chart (proportion non-conforming), using  and ,
but uses  as the multiplier for the standard error term instead of .

The question asks for the UCL for "non-confirming units". Among the options provided, option 1
is structured like the UCL formula for a p-chart, which is used for the proportion of non-
conforming units and can handle variable sample sizes. Although the multiplier is  instead
of the standard , based on the structure and keywords ("non-confirming units"), option 1 is
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the formula that corresponds to the type of control chart used for monitoring the proportion of
non-conforming units.

Conclusion

Considering the question specifies "non-confirming units" and the structure of the formulas
provided, option 1 represents the UCL for a p-chart for the proportion of non-confirming units,
as presented in this specific question. The formula provided in option 1 is:

Control
Chart Type

Data
Type

Characteristic Monitored
Standard UCL Formula (Constant

Sample Size)

p-chart Attributes
Proportion non-conforming
units

np-chart Attributes Number non-conforming units

c-chart Attributes Number of defects per unit

u-chart Attributes
Number of defects per unit
(adjusted for sample size)

 (or  if u is defects
per unit in a sample of size n)

Revision Table: Control Chart Formulas

Control
Chart

Characteristic
Central Line

(CL)
Standard Deviation

( )
UCL (Standard 3

)

p
Proportion non-
conforming

np
Number non-
conforming

c Number of defects

u
Number of defects per
unit
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Additional Information: Attribute Control Charts

Attribute control charts are crucial for monitoring processes where quality is assessed by
counting or classifying items. They are simpler to use than variable charts as they don't
require precise measurements, only counts or classifications (e.g., good/bad, number of
scratches). However, they provide less information about process variation compared to
variable charts.

The choice between a p-chart and an np-chart depends primarily on whether you want to
track the proportion or the raw number of non-conforming units. The p-chart is more versatile
as it can handle variable sample sizes directly, while the np-chart requires constant sample
sizes for standard control limits.

C-charts and u-charts are used when counting the number of defects, such as scratches,
errors, or blemishes on a product. A single unit can have multiple defects, but can only be
classified as either conforming or non-conforming. The u-chart is used when the inspection
area or number of units varies between samples, while the c-chart is used when it is constant.

Control limits are calculated from historical data when setting up the control chart. Once
established, they are used to monitor future samples. Points falling outside the control limits or
exhibiting non-random patterns indicate that the process may be out of control and requires
investigation to identify and eliminate special causes of variation.

9. Answer: d

Explanation:

Understanding 'np' in Quality Control

In the field of quality control, 'np' is a term often associated with control charts used for
monitoring processes that produce discrete items, where each item can be classified as either
conforming or non-conforming (defective).

Control charts like the 'np' chart are powerful tools for understanding process stability and
identifying variations over time. The 'np' chart specifically tracks the total number of defective
items found in samples of a constant size.

Analyzing the Options for 'np' Relation
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Let's examine the given options and consider what each formula typically represents in quality
control, keeping in mind that 'np' is generally related to the count of defective items in a
sample.

Option 1: 

This formula calculates the ratio of the total number of rejected or defective items to the
number of samples taken. If "Number of sample" here means the number of samples
*taken*, this doesn't give the count per sample. If it means the sample *size*, this formula
represents the *proportion* of defective items in a sample, often denoted by 'p'.

Option 2: 

This formula calculates the overall proportion of defective items across all inspected
units. This is commonly used to estimate the process average proportion defective, often
denoted by .

Option 3: 

This formula calculates the average number of defects per unit across all inspected
units. This is typically denoted by 'u' and is used in 'u' charts, which track the number of
defects per unit rather than defective units.

Option 4: 

This option presents a formula relating the total number of defects observed in units
within a sample to the "Number of sample". In standard quality control texts, 'np'
represents the *number of defective units* in a sample. A defective unit is one that
contains one or more defects. The number of defects is different from the number of
defective units.

However, based on the provided options and the given correct answer, this formula is
presented as the correct relation for 'np' in this specific context. It suggests that 'np' is
calculated by summing the total count of individual defects found across all units within
the sample and dividing by the sample size. While this deviates from the standard
definition of 'np' (which counts defective *units*), we proceed with this formula as the
intended answer for 'np' in this question.

Explanation of the Correct Relation for np

​Number of sample
Total number rejected/defective

​Total number inspected
Total number rejected/defective

​p̄

​Total number of units
Total number defects in all units

​Number of sample
Total number defects in all units
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According to the options provided, the correct relation for 'np' is given by Option 4:

Let's break down the components as implied by the formula:

Total number defects in all units: This refers to the sum total of all defects found when
inspecting all the individual units within a specific sample. A single unit might have
multiple defects.
Number of sample: This likely refers to the size of the sample being inspected at a
particular time.

Thus, this formula calculates the average number of defects found per unit within the sample,
if "Number of sample" refers to the sample size. While standard 'np' charts track the count of
defective units, this formula provided in the correct option uses the count of defects.

Comparison of Quality Control Chart Formulas

For clarity, here is a brief comparison of formulas typically associated with different attribute
control charts:

Chart
Type

What it Tracks Formula (Typical)

p-chart
Proportion of defective
units per sample

np-
chart

Number of defective units
per sample

 (when sample size is constant)

c-chart
Total number of defects
per sample

 (when sample size is constant or
inspection area is constant)

u-chart
Number of defects per
unit per sample

Comparing this typical table with the provided option 4, we see that the given formula
 aligns more closely with the formula for the average number of defects

*per unit* (u-chart), if "Number of sample" means sample size. However, the question
specifically asks for the relation for 'np', and option 4 is indicated as correct.

np = ​

Number of sample
Total number defects in all units

​Sample Size
Number of defective units

Number of defective units

Total number of defects

​Number of units inspected
Total number of defects

​Number of sample
Total number defects in all units
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Conclusion on np Relation

Based on the options provided and the designated correct answer, the relation for 'np' is given
by the formula in Option 4.

The final answer is .

Revision Table: np and Quality Control Formulas

Reviewing the core concepts of 'np' and related quality control formulas helps reinforce
understanding.

'np' chart tracks the count of defective items in a sample.
The formula provided in Option 4 for 'np' is .
Standard 'np' charts count defective *units*, not total *defects*.
Different charts (p, np, c, u) track different types of non-conformities.

Additional Information: Quality Control Charts and np

Quality control charts are essential statistical tools for monitoring and improving processes.
They help distinguish between common cause variation (random, inherent in the process)
and special cause variation (assignable, indicating a problem).

'np' charts are used when:

The sample size is constant.
Items can be classified as either conforming or non-conforming (defective).
The goal is to monitor the number of defective items in each sample.

Understanding the specific formula being used is crucial for correctly applying these charts
and interpreting the results for quality improvement efforts.

10. Answer: c

Explanation:

Understanding the Impact of Excess Nitrate in Drinking Water

​Number of sample
Total number defects in all units

​Number of sample
Total number defects in all units
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Nitrates are compounds containing nitrogen and oxygen. They are often found in water
sources due to agricultural runoff (fertilizers), sewage, and natural deposits. While nitrates are
naturally present at low levels, their concentration can increase significantly in drinking water,
posing health risks, particularly to infants.

Health Effects of High Nitrate Levels in Drinking Water

When excess nitrate is present in drinking water and consumed, it can be converted into
nitrite in the body, especially in infants. Nitrite interferes with the ability of red blood cells to
carry oxygen. This interference leads to a condition known as methemoglobinemia.

Let's look at the potential health issues listed in the options:

Fluorosis: This condition is caused by excessive intake of fluoride, primarily affecting
teeth and bones. It is not related to nitrate levels in water.
Minamata: This is a neurological syndrome caused by severe mercury poisoning. It was
first identified in Minamata, Japan, from industrial wastewater containing
methylmercury. It is not related to nitrate.
Blue baby syndrome (Methemoglobinemia): This condition occurs when nitrite in the
blood oxidizes the iron in hemoglobin, forming methemoglobin. Methemoglobin cannot
bind to oxygen, reducing the amount of oxygen carried throughout the body. Infants
under six months are particularly susceptible because their digestive systems are less
acidic, promoting the conversion of nitrate to nitrite, and their hemoglobin is more easily
converted to methemoglobin. Symptoms include a bluish discoloration of the skin,
especially around the mouth, hands, and feet (hence the name "blue baby syndrome"),
shortness of breath, fatigue, and irritability. Severe cases can be fatal if untreated.
Itai-itai: This painful bone disease is caused by severe cadmium poisoning, primarily
from industrial pollution. It was first reported in Japan. It is not related to nitrate.

Based on the health effects associated with water pollutants, it is clear that excess nitrate in
drinking water causes Blue baby syndrome.

Mechanism of Blue Baby Syndrome

The process leading to Blue baby syndrome involves the following steps:

1. Consumption of water with high nitrate concentration.
2. In the infant's digestive system, bacteria convert nitrate ( ) to nitrite ( ).
3. Nitrite enters the bloodstream.
4. Nitrite oxidizes the iron in the hemoglobin molecule (which normally carries oxygen),

transforming it into methemoglobin.

NO ​3
− NO ​2

−
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5. Methemoglobin cannot effectively transport oxygen, leading to oxygen deprivation in the
body's tissues.

Revision Table: Water Pollutants and Associated Diseases

Pollutant Associated Disease/Condition

Excess Nitrate Blue baby syndrome (Methemoglobinemia)

Excess Fluoride Fluorosis

Mercury Minamata disease

Cadmium Itai-itai disease

Additional Information on Nitrate Pollution in Drinking Water

The primary sources of nitrate contamination in drinking water include:

Agricultural runoff (fertilizers rich in nitrogen).
Leaking septic systems and sewage discharge.
Manure from livestock operations.
Industrial waste.
Natural geological deposits.

Regulatory bodies, such as the Environmental Protection Agency (EPA) in the United States
and the World Health Organization (WHO) internationally, set maximum contaminant levels
(MCLs) for nitrate in drinking water to protect public health, especially infants.

11. Answer: b

Explanation:

Understanding Mechanical Component Failures due to
Fluctuating Stresses

When mechanical components are subjected to loads that vary over time, these are called
fluctuating stresses. Unlike static loads, where the stress remains constant, fluctuating stresses
can lead to a specific type of failure even if the maximum stress is below the material's yield
strength under static conditions.
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Let's analyze the given options in the context of failures resulting from fluctuating stresses:

Shear failure: This occurs when the shear stress on a material exceeds its shear strength.
While fluctuating shear stresses can occur, shear failure itself is a mode of fracture, not
necessarily the primary *mechanism* behind most failures under repeated, fluctuating
loads compared to fatigue.
Fatigue failure: This is the progressive and localized structural damage that occurs when
a material is subjected to cyclic or fluctuating stresses. Over time, repeated loading and
unloading can initiate cracks, which propagate and eventually lead to fracture. Fatigue
failure is widely recognized as the most common cause of failure in mechanical
components subjected to varying loads, often accounting for a large percentage,
typically cited around 80%, of such failures.
Dynamic load failure: Dynamic load refers to a load that changes with time. While
fluctuating stress is a result of dynamic load, 'dynamic load failure' is a broad term and
doesn't specify the exact mechanism. Fatigue is the specific failure mechanism caused
by repeated application of dynamic or fluctuating stresses.
Normal shear failure: This option combines 'normal failure' (due to tensile or compressive
stress) and 'shear failure'. Again, while components experience both normal and shear
stresses under load (static or dynamic), fatigue is the term for the failure mode
specifically caused by the *fluctuating* nature of these stresses over many cycles.

Based on engineering principles and common observations, the vast majority of mechanical
component failures (around 80%) that occur under fluctuating stresses are attributed to
fatigue failure. The repeated application of stress cycles, even at levels below the material's
static strength limit, leads to crack initiation and propagation, culminating in fracture.

Revision Table: Comparing Failure Types
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Failure
Type

Primary Cause
Relation to Fluctuating

Stress
Commonality under

Fluctuating Stress

Shear
Failure

Shear stress exceeding
shear strength

Can occur, but not the
dominant mechanism
for the majority of
failures under
fluctuating stress
cycles.

Less common as the
primary cause of the
majority of failures from
fluctuating stress
compared to fatigue.

Fatigue
Failure

Progressive damage
from
repeated/fluctuating
stresses

Directly caused by
fluctuating or cyclic
stresses.

Very common (around
80% of failures under
fluctuating stress).

Dynamic
Load
Failure

Failure under time-
varying load

Broad term; fatigue is a
specific mechanism
under dynamic load.

Not a specific failure
mechanism like fatigue.

Normal
Shear
Failure

Combined normal and
shear stress

Can occur; fatigue
applies when these
stresses are fluctuating.

Not as specific as fatigue
failure for the mechanism
under fluctuating stress.

Additional Information: The Fatigue Process

Fatigue failure is a complex process that typically involves three stages:

1. Crack Initiation: Microscopic cracks begin to form, usually at stress concentration points
like sharp corners, holes, or surface imperfections.

2. Crack Propagation: Under the action of fluctuating stresses, these small cracks grow
larger with each stress cycle. The rate of growth depends on factors like stress range,
material properties, and environment.

3. Final Fracture: When the propagating crack reaches a critical size, the remaining cross-
section of the component can no longer support the applied load, leading to sudden and
complete fracture. This final fracture often appears brittle, even in ductile materials.

Design against fatigue involves understanding the stress history (amplitude, mean stress,
frequency), material properties (especially the fatigue limit or endurance strength), and
component geometry to minimize stress concentrations.
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12. Answer: a

Explanation:

Understanding the Basic Machine Element Design Process

The design of a machine element involves several crucial steps to ensure it performs its
intended function safely and reliably under anticipated operating conditions. While the
specific order can sometimes vary depending on the complexity and context of the design,
there is a generally accepted sequence for the basic procedure.

Analyzing the Steps in Machine Element Design

Let's look at the steps provided in the question:

1. Select suitable material for element
2. Specify functions of elements
3. Determine failure mode of element
4. Determine forces acting on element

We need to arrange these steps in a logical and common design sequence.

Determining the Correct Sequence of Design Steps

A typical approach to machine element design follows these stages:

Function Definition: The very first step is to clearly understand what the machine element
is supposed to do. What is its purpose? What task must it perform? This is specifying the
function. (Step 2)
Load Determination: Once the function is known, the next logical step is to figure out the
external and internal forces, moments, or loads that will act on the element during its
operation. This is determining the forces acting on the element. (Step 4)
Material Selection: Knowing the forces allows the designer to estimate the stresses and
strains the element will experience. Based on these stress levels, the functional
requirements, environmental conditions, cost, and availability, a suitable material is
selected. This material choice significantly impacts the element's strength and behavior.
(Step 1)
Failure Analysis: With the material selected and the forces known, the designer can then
analyze how the element might fail under these conditions. This involves considering
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potential failure modes such as yielding, fracture, fatigue, buckling, wear, etc., based on
the selected material's properties. (Step 3)

Based on this logical flow, a common and valid sequence is: Specify functions (2) →
Determine forces (4) → Select material (1) → Determine failure mode (3).

This sequence makes sense because you first need to know what the part does and what
loads it carries before you can pick a material that can handle those loads, and then finally
check how that chosen material will behave and potentially fail under stress.

Evaluating the Provided Options

Let's compare our logical sequence with the given options:

Option 1: 2, 4, 1 and 3
Option 2: 1, 2, 3 and 4
Option 3: 2, 1, 4 and 3
Option 4: 4, 2, 3 and 1

The sequence 2, 4, 1, 3 matches Option 1.

This sequence aligns with the rationale described: first define what it does (function), then
determine what loads it sees (forces), then select a material capable of handling those loads,
and finally analyze how that chosen material would fail under those specific loads.

Conclusion on Machine Design Procedure Steps

The correct sequence of the basic steps in the design of a machine element among the given
options is to first specify the functions, then determine the forces acting on the element,
followed by selecting a suitable material, and finally determining the potential failure modes
for that material under the determined forces.

Revision Table: Basic Machine Design Steps
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Step Number Description Sequence Position

2 Specify functions of elements 1st (Start)

4 Determine forces acting on element 2nd

1 Select suitable material for element 3rd

3 Determine failure mode of element 4th (Follows material selection)

Additional Information on Machine Element Design

The basic procedure outlined above is a simplified view. A complete machine element design
process often involves iteration. After determining potential failure modes, the design might
be refined, which could lead to a re-evaluation of forces, material choice, or even the shape
and dimensions of the element. This iterative loop continues until the design meets all
functional, safety, manufacturing, and economic requirements.

Factors considered during material selection include:

Mechanical properties (strength, stiffness, hardness, toughness, fatigue strength)
Physical properties (density, melting point, thermal conductivity)
Chemical properties (corrosion resistance)
Manufacturing properties (machinability, weldability, castability)
Cost and availability

Common failure modes in machine elements include:

Yielding or plastic deformation
Fracture (ductile or brittle)
Fatigue failure (due to cyclic loading)
Creep (deformation under sustained load at high temperature)
Buckling (instability under compressive load)
Wear and surface damage

Engineers use various tools and techniques, including stress analysis (like Finite Element
Analysis - FEA), material property databases, and safety factors, throughout the design
process to ensure the machine element performs as intended.

13. Answer: c
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Explanation:

Understanding Conic Sections and Parabola Formation

Conic sections are the curves formed by the intersection of a plane with a double circular
cone. The type of curve formed depends on the angle of the plane relative to the axis of the
cone and the angle of the elements (also called generators) of the cone.

Let's consider the different cases for forming conic sections:

Circle: Formed when the cutting plane is perpendicular to the axis of the cone and does
not pass through the vertex.
Ellipse: Formed when the cutting plane is oblique to the axis of the cone and intersects all
generators on one side of the vertex. The angle the plane makes with the axis is greater
than the angle the generators make with the axis. The plane does not pass through the
vertex.
Parabola: Formed when the cutting plane is oblique to the axis of the cone and is parallel
to exactly one generator (element) of the cone. This means the plane makes the same
angle with the axis as the generators do. The plane does not pass through the vertex.
Hyperbola: Formed when the cutting plane is parallel to the axis of the cone or makes a
smaller angle with the axis than the generators do. The plane intersects both halves of
the double cone. The plane does not pass through the vertex. If the plane passes through
the vertex, degenerate conic sections (a point, a line, or a pair of intersecting lines) are
formed.

The question specifies a plane that is oblique to the axis and makes the same angle with the
axis as the elements (generators) do. This specific condition perfectly matches the definition
of how a Parabola is formed as a conic section.

Therefore, a plane oblique to axis and making same angle with axis as elements do is called a
Parabola.
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Summary of Conic Section Formation

Conic
Section

Plane Orientation relative to Cone Axis/Elements

Circle Perpendicular to axis

Ellipse Oblique to axis; cuts all elements; angle with axis > element angle with axis

Parabola
Oblique to axis; parallel to one element; angle with axis = element angle with
axis

Hyperbola
Parallel to axis OR oblique to axis; angle with axis < element angle with axis;
cuts both halves

Revision Table: Key Terms in Conic Sections

Term Definition

Conic Section A curve formed by the intersection of a plane and a cone.

Cone Axis The central line passing through the vertex of the cone.

Cone Element
(Generator)

A straight line lying entirely on the cone's surface, passing through
the vertex.

Oblique Plane A plane that is not perpendicular or parallel to the cone's axis.

Additional Information on Parabola Conic Sections

A parabola is a U-shaped curve which is symmetrical. In analytical geometry, a parabola is
defined as the locus of all points such that the distance from a fixed point (the focus) is equal
to the distance from a fixed line (the directrix).

When a plane cuts a cone parallel to a generator, the intersection forms a parabola. This
geometric definition is consistent with the algebraic definition and properties of a parabola,
such as having a single focus and a single directrix.

14. Answer: a

Explanation:
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Understanding Projection Types in Computer Graphics

Projections are fundamental techniques used to display 3D objects on a 2D plane, like a
computer screen or a piece of paper. They essentially simulate how our eyes or a camera
would view an object.

There are two main categories of planar geometric projections: parallel projections and
perspective projections.

What is a Parallel Projection?

In a parallel projection, the lines of sight (or projection lines) from the object to the view plane
are all parallel to each other. Because these lines are parallel, objects that are further away
do not appear smaller, which means parallel projections do not show perspective or depth
cues based on size.

Parallel projections are often used in engineering and architectural drawings where
maintaining the true dimensions and relationships between parts of an object is important,
rather than simulating how it would look from a specific viewpoint with perspective.

Examining the Projection Options

Let's analyze each option provided to determine which one is not a type of parallel projection:

Conic projection: This term is most commonly associated with cartography (map
making), where points on the Earth's surface are projected onto a cone. The cone is then
unrolled into a plane. While variations exist, projections onto surfaces like cones or
spheres often involve projection lines that are not parallel, frequently converging to a
point (like the center of the Earth or a specific point on the axis), making them non-
parallel or perspective-related in nature. In the context of computer graphics 3D
projections, a conic projection is not a standard type of parallel projection; it's more
aligned with perspective concepts as projection lines converge.
Oblique projection: This is a standard type of parallel projection. In an oblique projection,
the parallel projection lines are not perpendicular to the view plane. This results in
foreshortening on planes parallel to the view plane but true shapes and sizes for planes
parallel to the view plane. Examples include Cavalier and Cabinet projections.
Orthogonal projection: This is another standard type of parallel projection. In an
orthogonal projection, the parallel projection lines are perpendicular to the view plane.
This is the most common type of parallel projection used in technical drawings (like
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multiview projections showing front, top, and side views) and in orthographic views in 3D
modeling software.
Curvilinear projection: This term can refer to projections where straight lines in the 3D
scene appear as curved lines in the 2D projection. This often happens when projecting
onto curved surfaces or in certain types of perspective projections with a very wide field
of view. It is not typically classified as a fundamental category alongside parallel and
orthogonal/oblique projections, but if used as a projection type, it is unlikely to be a
standard parallel projection where parallel lines remain parallel in the projection (unless
they are parallel to the view plane). However, compared to Conic, Oblique, and
Orthogonal, Conic clearly fits the description of a non-parallel projection type, especially
when considering its use in cartography or as a general concept involving non-parallel
projection lines onto a curved surface.

Identifying the Non-Parallel Projection

Based on the definitions, Oblique projection and Orthogonal projection are definitively types
of parallel projections. Conic projection, involving projection onto a cone often from a specific
point, falls into the category of non-parallel or perspective-related projections.

Conclusion on Parallel Projections

Therefore, the projection that is not a type of parallel projection among the given options is
Conic projection.

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Summary of Projection Types

Projection
Type

Description
Parallel or Non-

Parallel

Parallel
Projection

Projection lines are parallel. Preserves relative
dimensions.

Category

Oblique
Projection

Parallel projection where lines are NOT
perpendicular to the view plane.

Parallel

Orthogonal
Projection

Parallel projection where lines ARE perpendicular
to the view plane.

Parallel

Perspective
Projection

Projection lines converge to a point (center of
projection). Simulates how objects look in reality
(further objects are smaller).

Non-Parallel

Conic
Projection

Often involves projecting onto a cone from a point
or line; lines are typically not parallel. Used in
cartography.

Non-Parallel (often
related to
Perspective)

Revision Table: Key Projection Concepts

Term Definition

Projection Mapping a 3D object onto a 2D plane.

Parallel Projection All projection lines are parallel.

Perspective Projection All projection lines converge to a single point.

Oblique Projection Parallel projection; lines not perpendicular to plane.

Orthogonal Projection Parallel projection; lines perpendicular to plane.

Additional Information: Parallel vs. Perspective Projections

The fundamental difference between parallel and perspective projections lies in how depth is
handled:
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Parallel Projection:
Projection lines are parallel.
Objects do not appear smaller with distance.
Used for precise measurements and technical drawings.
Examples: Orthographic (top, front, side views), Oblique (Cavalier, Cabinet).

Perspective Projection:
Projection lines converge to a vanishing point (or center of projection).
Objects further away appear smaller, mimicking human vision.
Used to create realistic views.
Examples: One-point, Two-point, Three-point perspective. Conic projection (in
cartography or general sense involving convergence) relates to this category.

Understanding these core differences is crucial for graphic design, engineering, and
computer graphics.

15. Answer: a

Explanation:

Understanding Oblique Projection in Technical Drawing

Oblique projection is a method of projecting an object onto a plane (the plane of projection)
where the projectors are parallel to each other but are *not* perpendicular to the plane of
projection. This differs from orthographic projection, where projectors are perpendicular.

In oblique projection, one face of the object is typically placed parallel to the plane of
projection, showing its true size and shape. The receding lines (lines going back into the depth
of the object) are drawn at an angle to the horizontal and can be scaled in different ways,
leading to different types of oblique projection.

Identifying the Specific Oblique Projection Type

The question describes a specific type of oblique projection with two key characteristics:

1. The receding lines are drawn to full size scale. This means if the actual depth of an object
part is 50mm, the receding line representing that depth in the drawing will also be
50mm.

2. The projectors are inclined at an angle of 30°, 45°, or 60° to the plane of projection. This
angle determines the appearance of the receding lines. While the projector angle is
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given relative to the plane, it directly influences the angle the receding lines appear at
on the drawing (often 30°, 45°, or 60° relative to the horizontal).

Let's examine the options provided based on these characteristics:

Cavalier projection: This is a type of oblique projection where the receding lines are
drawn to the true length (full size scale). The angle of the receding lines (determined by
the projector angle) can be at various angles, commonly 30°, 45°, or 60°. This perfectly
matches both characteristics given in the question.
Cabinet projection: This is another type of oblique projection, but in this case, the
receding lines are typically scaled down, often by half (e.g., 1:2 scale). This means a
50mm depth would be drawn as 25mm. This contradicts the "full size scale" requirement.
Parallel projection: This is a broader category that includes both orthographic and
oblique projections. While the described method is a type of parallel projection, the
question asks for the specific name of this particular method, not the general category.
Isometric projection: This is a type of orthographic projection, not oblique. In isometric
projection, all three axes are equally foreshortened, and the angles between them are
120°. It does not involve receding lines drawn at different scales or projectors inclined at
30°, 45°, or 60° relative to the plane of projection in the manner described for oblique
projection.

Based on the analysis, the oblique projection where receding lines are full size and projectors
are inclined at angles like 30°, 45°, or 60° to the plane of projection is known as Cavalier
projection.

Comparison of Oblique Projection Types

Feature Cavalier Projection Cabinet Projection

Scale of Receding
Lines

Full size (1:1) Reduced (typically 1:2)

Angle of Receding
Lines

Commonly 30°, 45°, 60°
(relative to horizontal)

Commonly 30°, 45°, 60° (relative to
horizontal)

Visual
Appearance

Looks deeper than it is (due to
1:1 scale)

More realistic appearance (closer to
what the eye sees)

Therefore, the projection method described, with full-size receding lines and inclined
projectors, is specifically Cavalier projection.
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Revision Table: Key Projection Concepts

Summary of Projection Methods

Projection Type Projector Orientation
Receding Line

Scale
(Oblique)

Key Characteristic

Orthographic
Parallel and
Perpendicular to Plane

N/A
Shows true shape/size of
faces parallel to planes

Parallel (General) Parallel Varies
Projectors are parallel;
includes Orthographic
and Oblique

Oblique (General)
Parallel but Not
Perpendicular to Plane

Varies
One face parallel to plane;
depth shown at an angle

Cavalier (Specific
Oblique)

Parallel and Inclined
(e.g., 30°, 45°, 60°)

Full size (1:1)
Receding lines drawn to
true length

Cabinet (Specific
Oblique)

Parallel and Inclined
(e.g., 30°, 45°, 60°)

Reduced (e.g.,
1:2)

Receding lines scaled
down

Isometric (Specific
Orthographic)

Parallel and
Perpendicular to Plane
(but plane oriented)

N/A (axes
scaled
equally)

Axes at 120° to each other;
equal foreshortening

Additional Information on Oblique Projection Angles

In oblique projection, while the projector angle to the plane of projection is mentioned (30°,
45°, 60° in the question), the angle commonly referred to on the drawing itself is the angle the
receding lines make with the horizontal axis. This angle is often the same as the projector
angle relative to the plane, or a related angle depending on the view. Common angles for
receding lines in oblique drawings are 30°, 45°, or 60°.

The choice between Cavalier and Cabinet projection often depends on the desired visual
effect. Cavalier projection shows the true depth but can look distorted, making the object
appear deeper than it feels. Cabinet projection offers a more visually realistic representation
of the object's depth by reducing the receding lines.
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16. Answer: c

Explanation:

Understanding Oblique Projection in Engineering Graphics

The question asks to identify the type of projection where the observer is at infinity, the lines of
sight are parallel to each other, and these lines of sight are inclined to the plane of projection.
Let's break down the characteristics described:

Observer at Infinity: This implies that the projection lines emanating from the object
towards the observer are parallel. This is the defining characteristic of parallel projection.
Lines of Sight are Parallel: Confirms it is a type of parallel projection.
Lines of Sight are Inclined to the Plane of Projection: This is the crucial detail that
distinguishes different types of parallel projections. The angle between the line of sight
(or projector) and the projection plane is not 90 degrees.

Based on these characteristics, we can analyze the given options:

Isometric projection: A type of axonometric projection where the lines of sight are
parallel AND perpendicular (at 90 degrees) to the projection plane. The object is oriented
so that the axes make equal angles with the projection plane. This does not match the
"inclined" condition.
Orthographic projection: A type of parallel projection where the lines of sight are parallel
AND perpendicular (at 90 degrees) to the projection plane. This is commonly used for
creating multi-view drawings (front view, top view, side view). This does not match the
"inclined" condition.
Oblique projection: A type of parallel projection where the lines of sight are parallel AND
inclined (at an angle other than 90 degrees) to the projection plane. Often, one face of
the object is placed parallel to the projection plane, showing its true shape. This perfectly
matches the description provided in the question.
Axonometric projection: This is a broader category of parallel projection where the lines
of sight are parallel AND perpendicular (at 90 degrees) to the projection plane, but the
object is rotated so that multiple faces are visible. Isometric, dimetric, and trimetric
projections are types of axonometric projection. While oblique is also a parallel
projection, the term "Axonometric" specifically refers to parallel projections where the
projectors are perpendicular to the projection plane, unlike oblique.
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Therefore, the projection described, with parallel and inclined lines of sight from an observer
at infinity, is known as Oblique projection.

Comparing Projection Types

Projection Type Lines of Sight
Angle of Lines of Sight to Projection

Plane

Orthographic (Axonometric
included)

Parallel Perpendicular (90°)

Oblique Parallel Inclined (< 90° or > 90°)

Perspective
Converging to a
point

Varies

Conclusion on Projection Type

Based on the detailed analysis of the definition provided in the question and the
characteristics of various projection types, the projection where parallel lines of sight are
inclined to the plane of projection is specifically identified as Oblique projection.

Revision Table: Parallel Projection Basics

Term Definition Key Feature

Parallel Projection
Projection where lines of sight are parallel.
Observer is at infinity.

Maintains parallelism of
lines.

Orthographic
Projection

Parallel projection with lines of sight
perpendicular to the projection plane.

Used for true shape views
(multi-view drawings).

Axonometric
Projection

Orthographic projection where the object
is rotated to show multiple faces.

Includes Isometric, Dimetric,
Trimetric.

Oblique
Projection

Parallel projection with lines of sight
inclined to the projection plane.

Often shows one face in
true shape.

Additional Information on Oblique Projection
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Oblique projection is often used in technical drawings and illustrations because it allows one
face of the object (usually the front face) to be drawn in true size and shape, while the depth
is shown receding at an angle. This makes it easier to draw circles and complex shapes on
the front face.

There are two main types of oblique projection:

Cavalier Projection: The receding lines are drawn at an angle (often 30°, 45°, or 60°) and
retain their true length.
Cabinet Projection: The receding lines are drawn at an angle but are foreshortened,
typically to half their true length. This can make the drawing appear more realistic.

The choice of angle and foreshortening ratio depends on the desired appearance and clarity
of the drawing.

17. Answer: d

Explanation:

Understanding Dimensioning Systems in Technical Drawing

Dimensioning is a critical aspect of technical drawings, providing the necessary size and
location information required to manufacture or construct an object. It involves adding
numerical values (dimensions), lines, symbols, and notes to a drawing.

According to general standards for technical drawing, there are primarily two systems used
for arranging dimension texts on a drawing:

1. Aligned System
2. Unidirectional System

Let's explore each system:

Aligned Dimensioning System

In the Aligned system, the dimension figures are placed parallel to their respective dimension
lines. The figures for horizontal dimensions are read from the bottom of the drawing, while
figures for vertical dimensions are read from the right side of the drawing. The dimension line
is typically broken near the middle to insert the dimension figure.
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Unidirectional Dimensioning System

In the Unidirectional system, all dimension figures are oriented to be read from the bottom of
the drawing sheet, regardless of whether the dimension lines are horizontal or vertical. The
dimension figures are usually placed above the dimension line, either near the center or offset
slightly, and the dimension line is generally not broken.

Comparing Aligned and Unidirectional Systems

Here is a comparison of the two systems:

Feature Aligned System Unidirectional System

Reading Direction
(Horizontal)

From bottom From bottom

Reading Direction
(Vertical)

From right side From bottom

Orientation of Text Parallel to dimension line
Horizontal (aligned with bottom
edge)

Placement of Text
Usually centered, line
interrupted

Usually centered, above line, line
not interrupted

Ease of Reading
(Overall)

Requires turning head for
vertical dimensions

Read from one direction (bottom)

Recommended Dimensioning System

While both systems are used, the Unidirectional system is often recommended in general
drafting rules and standards (like ISO standards) for its simplicity and ease of reading,
especially on complex drawings or drawings viewed on a screen, as all dimensions can be
read from a single orientation (typically the bottom of the drawing). This minimizes the need
to rotate the drawing or change viewing angles.

Therefore, among the given options, the system generally recommended in general rules for
dimensioning is the Unidirectional system.

Revision Table: Dimensioning Systems
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System Text Alignment Reading Direction Line Break

Aligned
Parallel to dimension
line

Horizontal from bottom, Vertical
from right

Yes

Unidirectional
Horizontal (from
bottom)

All from bottom
No (text above
line)

Additional Information: Principles of Dimensioning

Good dimensioning practice follows several key principles to ensure clarity, accuracy, and
completeness. Some fundamental principles include:

Each feature should be dimensioned only once.
Dimensions should be placed on the view that most clearly shows the feature.
Avoid placing dimensions on the object line whenever possible.
Group related dimensions together.
Do not crowd dimensions; maintain clear spacing.
Dimension lines should not cross extension lines if avoidable.
Dimensioning should be complete, providing all necessary information for
manufacturing.
Dimensions should be given in a standard unit (e.g., mm or inches), typically specified in
the title block or notes.
Dimensioning systems (Aligned or Unidirectional) should be used consistently
throughout the drawing.

Adhering to these principles, along with using a consistent dimensioning system like the
Unidirectional system, helps create clear and professional technical drawings.

18. Answer: d

Explanation:

Understanding Effective Safety Programmes

An effective safety programme is crucial for preventing workplace accidents and ensuring
the well-being of employees. However, simply trying to control accidents after they happen is
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often not enough. A robust safety framework requires foundational elements to be in place
first.

Prerequisites for an Effective Safety Programme

The question highlights three key aspects that are essential before attempts are made to
control accidents directly. Let's examine each one:

1. Proper Safety Philosophy

A proper safety philosophy means that safety is deeply ingrained in the organization's culture.
It's not just a set of rules, but a core value. Management commitment to safety, believing that
all accidents are preventable, and prioritizing safety over production are all part of a strong
safety philosophy. Without this fundamental belief system, safety initiatives may be seen as
optional or secondary, leading to less commitment from everyone.

2. Teaching Safety Principles

Education is a cornerstone of accident prevention. Teaching safety principles involves training
employees on safe work practices, understanding hazards, using personal protective
equipment (PPE) correctly, and following procedures. People need to know how to work safely.
Simply telling someone to "be careful" is insufficient; they need specific knowledge and skills.

3. Eliminating Misconceptions About the Causes of Accidents

Misconceptions about accident causes can hinder effective prevention efforts. Common
misconceptions include believing accidents are unavoidable ("acts of God"), blaming victims
solely ("carelessness"), or thinking that safety slows down work too much. Accidents typically
result from a combination of factors, including unsafe conditions, unsafe acts, and systemic
failures. Understanding the root causes, not just the immediate ones, is vital for preventing
recurrence. Addressing and correcting these misconceptions allows for more accurate
hazard identification and risk assessment.

Why All Three are Necessary

Attempting to control accidents (e.g., implementing specific controls or procedures) without
these foundational elements in place is like building a house on sand. If there isn't a proper
safety philosophy, the motivation and commitment will be lacking. If safety principles aren't
taught, people won't know what to do even if they are motivated. If misconceptions about
causes persist, the wrong problems might be addressed, leading to ineffective controls.
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Therefore, an effective safety programme requires all three aspects working together:

A proper safety philosophy establishes safety as a priority and value.
Teaching safety principles provides the necessary knowledge and skills.
Eliminating misconceptions ensures efforts are directed at the true causes of accidents.

These elements create a receptive environment and informed workforce capable of
supporting and implementing accident control measures effectively.

Components of an Effective Safety Programme Foundation

Component Importance for Accident Prevention

Proper Safety Philosophy Drives commitment and prioritizes safety.

Teaching Safety Principles Provides necessary knowledge and skills.

Eliminating
Misconceptions

Ensures correct identification and addressing of accident
causes.

Based on this analysis, all three points – proper safety philosophy, teaching safety principles,
and eliminating misconceptions about the causes of accidents – are crucial prerequisites for
an effective safety programme before focusing solely on accident control.

Revision Table: Safety Programme Basics

Key Concept Brief Explanation

Safety Philosophy Core values & commitment to safety.

Safety Principles Knowledge and skills for safe work.

Accident Causation Understanding root causes vs. misconceptions.

Effective Programme Requires foundational elements before controls.

Additional Information: Building a Safety Culture

Beyond the foundational elements, building a strong safety culture is an ongoing process. It
involves:
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Leadership Involvement: Management actively participating in and promoting safety.
Employee Participation: Encouraging employees to report hazards and contribute ideas.
Communication: Open and transparent communication about safety issues and
performance.
Continuous Improvement: Regularly reviewing safety performance and updating
procedures.
Accountability: Holding individuals and the organization accountable for safety
performance.

An effective safety programme fosters a culture where safety is everyone's responsibility and
is integrated into all aspects of the business, significantly reducing the likelihood of accidents.

19. Answer: d

Explanation:

Understanding Factors Affecting Fatigue Life in Mechanical
Design

Mechanical engineering designers face the challenge of creating components that can
withstand repeated loading cycles without failing due to fatigue. Fatigue is a progressive,
localized structural damage that occurs when a material is subjected to cyclic or fluctuating
loads. The mechanical designer's goal is to minimize the factors that accelerate fatigue
damage and thus maximize the fatigue life of a component.

The question asks which factors from the given list are the ones a mechanical engineering
designer attempts to minimize to affect fatigue life positively. Let's analyze the factors
provided:

1. Electrolyte concentration
2. Temperature
3. Fluid flow rate around specimen

Analyzing Potential Factors Affecting Fatigue Life

Several environmental factors can significantly influence the fatigue life of materials,
especially when they are subjected to cyclic stress in a corrosive or aggressive environment.
This phenomenon is known as corrosion fatigue. The interaction between cyclic mechanical
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stress and environmental degradation (like corrosion) can lead to a much shorter fatigue life
than would occur from either factor alone.

Factor 1: Electrolyte Concentration

Electrolyte concentration is directly related to the corrosivity of the environment. Higher
concentrations of aggressive ions in a surrounding fluid can significantly increase the rate of
corrosion. Since corrosion can initiate cracks and accelerate crack growth under cyclic
loading (corrosion fatigue), electrolyte concentration is generally considered a crucial factor
affecting fatigue life in many applications (e.g., marine environments, chemical processing).
Minimizing exposure to high electrolyte concentrations or using corrosion-resistant materials
are common design strategies.

However, based on the factors included in the indicated answer, electrolyte concentration is
not among the factors that the designer specifically attempts to minimize from this list.

Factor 2: Temperature

Temperature plays a significant role in both material properties and chemical reaction rates.
Higher temperatures can:

Increase the rate of corrosion and other environmental degradation processes.
Affect the material's strength, stiffness, and ductility, which in turn influence its fatigue
behavior.
Potentially induce thermal stresses if there are temperature gradients.

Minimizing exposure to excessively high or fluctuating temperatures, especially in
combination with cyclic loading and aggressive environments, is a common approach to
improve fatigue life. Elevated temperatures can accelerate damage mechanisms leading to
premature fatigue failure.

Factor 3: Fluid Flow Rate Around Specimen

The rate and nature of fluid flow around a component under cyclic stress can also impact
fatigue life, particularly in corrosive environments (erosion-corrosion fatigue) or where flow-
induced vibrations are a concern.

Mass Transfer: Fluid flow affects how quickly aggressive species are transported to the
material surface and how quickly corrosion products are removed. Increased flow can
sometimes increase corrosion rates.
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Erosion-Corrosion: High flow rates, especially with suspended particles or turbulence,
can cause mechanical erosion of the material surface, removing protective layers and
exposing fresh material to corrosion, thereby accelerating damage and impacting
fatigue.
Flow-Induced Vibration: Fluid flow can cause vibrations in components, adding to the
cyclic stress experienced by the material and contributing to fatigue.

Controlling and minimizing detrimental fluid flow effects (like high turbulence or erosive
conditions) is important for extending fatigue life in applications such as pipes, pumps, heat
exchangers, and aerospace components.

Evaluating the Options Based on the Correct Factors

Considering the analysis of factors 2 (Temperature) and 3 (Fluid flow rate around specimen)
and aligning with the factors identified as being minimized by the designer from the provided
list in the question, these two factors are relevant.

Let's look at the options:

1. 1, 2 and 3 (Includes Electrolyte concentration, Temperature, Fluid flow rate)
2. 1 and 2 only (Includes Electrolyte concentration, Temperature)
3. 1 and 3 only (Includes Electrolyte concentration, Fluid flow rate)
4. 2 and 3 only (Includes Temperature, Fluid flow rate)

Based on the analysis where Temperature and Fluid flow rate around the specimen are
identified as factors a mechanical engineering designer attempts to minimize from the
provided list, the option including only these two factors is the most relevant.

Factor Impact on Fatigue Life
Is it minimized by

designer (based on
selected option)?

1. Electrolyte
concentration

Increases corrosion, reduces fatigue life
(corrosion fatigue)

No

2. Temperature
Increases corrosion/reaction rates,
affects material properties, reduces
fatigue life

Yes

3. Fluid flow rate
around specimen

Affects mass transfer, causes erosion-
corrosion, induces vibrations, reduces
fatigue life

Yes
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Therefore, the factors from the list that the mechanical engineering designer attempts to
minimize are Temperature and Fluid flow rate around the specimen.

Revision Table: Fatigue Life Factors

Term Brief Explanation Relevance to Fatigue Life

Fatigue Damage due to cyclic loading
Primary failure mode designer
minimizes

Fatigue Life
Number of cycles a component can
withstand before failure

Designer's goal is to maximize this

Corrosion
Fatigue

Combined effect of cyclic stress and
corrosive environment

Environmental factors like temp &
flow are critical here

Temperature
Environmental or operational
temperature

Higher temps often accelerate
damage

Fluid Flow Rate Speed and nature of fluid movement
Can cause erosion-corrosion or
vibrations

Additional Information: Environmental Effects on Mechanical
Design

Mechanical designers consider various environmental factors beyond just mechanical loads
when predicting and preventing failure, especially fatigue. Environments can be air, water,
chemicals, varying temperatures, radiation, etc. The interaction between the material, the
stress state (including cyclic stresses), and the environment is critical. Some key
environmental effects include:

Corrosion: Electrochemical degradation of materials, particularly metals.
Stress Corrosion Cracking (SCC): Cracking under static tensile stress in a specific
corrosive environment. Related to fatigue when combined with cyclic loading.
Hydrogen Embrittlement (HE): Degradation of mechanical properties due to the
absorption of hydrogen. Can significantly reduce fatigue life.
Creep: Time-dependent deformation under sustained stress, often at elevated
temperatures. While different from fatigue, high temperatures can influence both.
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Erosion: Mechanical wear due to abrasive particles or fluid impact. Combined with
corrosion, it's very damaging.

Designers use various strategies to mitigate these effects and improve fatigue life:

Material selection (corrosion-resistant alloys)
Protective coatings or surface treatments
Environmental control (e.g., deaeration, inhibitors)
Design modifications to reduce stress concentrations
Controlling operating conditions (temperature, pressure, flow rate)

Understanding and minimizing the impact of aggressive environments is a fundamental
aspect of designing durable and reliable mechanical components subjected to cyclic
loading.

20. Answer: d

Explanation:

Understanding Mechanical Design Categories

Mechanical design processes can vary significantly depending on factors like the quantity of
parts to be produced, the criticality of the part's function (especially concerning safety), and
the time available for design and testing. These factors often influence the level of testing
and verification deemed necessary or feasible.

Let's examine each statement provided regarding mechanical design categories and the
justification for testing:

Statement 1: Safety-Critical or High-Volume Parts

The first statement describes a category where:

Failure of the part would endanger human life (safety-critical).
The part is made in extremely large quantities (high-volume).

In either of these scenarios, the potential consequences of failure (loss of life, massive recalls,
significant financial loss) or the sheer scale of production mean that even a small defect rate
can be catastrophic or very costly. Therefore, an elaborate testing program is not only
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justified but often mandatory to ensure reliability and safety. This statement accurately
reflects a key consideration in designing critical or mass-produced mechanical parts.

Statement 2: Moderate Quantity Production

The second statement discusses a situation where:

The part is made in less quantities than the first scenario (moderate series).

When production quantities are moderate, extensive, full-scale testing might be overly
expensive or time-consuming compared to the project scale. However, a complete lack of
testing would be irresponsible. Thus, a moderate series of tests, perhaps focusing on key
performance parameters or accelerated life testing on a sample batch, becomes a feasible
and appropriate approach. This statement also describes a realistic mechanical design
category.

Statement 3: Small Quantity or Rapid Design

The third statement covers scenarios where:

The part is made in such small quantities that testing is not justified economically.
The design must be completed so rapidly that there is not enough time for testing.

For parts produced in very small numbers, the cost of setting up and conducting extensive
tests might outweigh the potential benefits, assuming the failure risk is low or manageable.
Similarly, urgent projects with extremely tight deadlines might not allocate sufficient time for
thorough testing. In such cases, designers might rely more heavily on simulations, analysis,
past experience, and large safety factors rather than empirical testing. While not ideal, this
scenario also represents a practical category sometimes encountered in mechanical design.
It implies a higher reliance on theoretical calculations and assumptions.

Conclusion on Statements

Evaluating the three statements:

Statement 1 accurately describes the need for extensive testing in safety-critical or
high-volume mechanical designs.
Statement 2 accurately describes the feasibility of moderate testing for medium-
quantity production.
Statement 3 accurately describes scenarios where testing might be limited or omitted
due to low quantity or time constraints in mechanical design.
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All three statements represent valid considerations and categories encountered in the
practice of mechanical design, influencing the approach to testing and verification.

Design Category
Factor

Statement 1 Statement 2 Statement 3

Quantity
Extremely large
quantities

Less quantities
(moderate)

Small quantities

Safety Criticality
Endanger human
life

Implied lower criticality
than Statement 1

Implied lower criticality
than Statement 1

Time Constraint
Time available
for testing

Time available for
moderate testing

Not enough time for
testing

Testing
Justification

Elaborate testing
justified

Moderate testing
feasible

Testing not justified/time
not available

Description
Accuracy

Correct Correct Correct

Therefore, all three statements are correct descriptions related to mechanical design
categories concerning testing justification based on quantity, safety, and time.

Revision Table: Mechanical Design Testing

Category Type Description Testing Approach

Safety Critical /
High Volume

Failure endangers life; very
high production volume.

Elaborate, extensive testing (Statement 1).

Moderate
Quantity

Medium production
volume.

Moderate series of tests feasible
(Statement 2).

Small Quantity /
Rapid Design

Very low production
volume or severe time
constraints.

Testing may be limited or omitted;
reliance on analysis/simulation
(Statement 3).

Additional Information: Factors in Mechanical Design
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Beyond the categories based on quantity, safety, and time mentioned, several other factors
influence the mechanical design process and the level of rigor applied:

Cost: The budget available for design, materials, manufacturing, and testing
significantly impacts decisions.
Performance Requirements: The specific functions, loads, environmental conditions, and
lifespan expected of the part.
Material Properties: The choice of material dictates design constraints and potential
failure modes (e.g., fatigue, yield strength, corrosion resistance).
Manufacturing Process: The chosen manufacturing method (machining, casting, 3D
printing, etc.) affects tolerances, surface finish, and material properties, influencing
design and testing needs.
Standards and Regulations: Compliance with industry standards, safety regulations,
and legal requirements is often mandatory and dictates testing protocols.
Maintainability and Serviceability: Ease of repair, inspection, and replacement over the
part's life cycle.
Environmental Impact: Considerations for sustainability, recyclability, and hazardous
material use.

Each of these factors interacts with the quantity, safety, and time constraints to define the
specific challenges and requirements for a given mechanical design project.

21. Answer: c

Explanation:

Understanding the Pipe and Tank Filling Problem

This problem involves calculating the work rates of pipes filling a tank. We are given the
combined filling time of three pipes (A, B, and C), their combined work time for a period, and
the time taken by two of the pipes (A and B) to finish the remaining work. Our goal is to find
the time it takes for pipe C alone to fill the tank.

Defining Work Rates

Let's represent the work rate of each pipe as the fraction of the tank filled per hour:

Pipe A's work rate =  (tank/hour)
Pipe B's work rate =  (tank/hour)

a

b
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Pipe C's work rate =  (tank/hour)

The total work to fill the tank is considered as 1 unit.

Setting up Equations from Given Information

We are given that pipes A, B, and C together can fill the tank in 6 hours. This means their
combined work rate is .

So, we have our first equation:

The three pipes worked together for 2 hours. The amount of tank filled in these 2 hours is:

Using Equation 1, this amount is:

Calculating Remaining Work

After the first 2 hours,  of the tank is filled. The remaining work is:

Work Done by Pipes A and B

After 2 hours, pipe C was closed, and pipes A and B continued to work. The total time from
start to fill the tank was 7 hours. Since A, B, and C worked for the first 2 hours, pipes A and B
worked alone for the remaining time:

In these 5 hours, pipes A and B completed the remaining  of the tank. The work done by A
and B in 5 hours is . So, we have:

Now, we can find the combined work rate of pipes A and B:

c

​6 hours
1 tank

a + b + c = ​ (Equation 1)
6
1

(a + b + c) × 2

​ ×
6
1

2 = ​ =
6
2

​ of the tank
3
1

​3
1

1 − ​ =
3
1

​ =
3

3 − 1
​ of the tank

3
2

Time A and B worked alone = Total time − Time A, B, C worked together

Time A and B worked alone = 7 hours − 2 hours = 5 hours

​3
2

(a + b) × 5

(a + b) × 5 = ​

3
2
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Finding the Work Rate of Pipe C

We have the combined work rate of A, B, and C (Equation 1) and the combined work rate of A
and B (Equation 2). We can substitute Equation 2 into Equation 1 to find the work rate of pipe C:

Substitute  for :

Now, solve for :

To subtract these fractions, we need a common denominator. The least common multiple of
6 and 15 is 30.

So, the work rate of pipe C is  of the tank per hour.

Calculating Time Taken by Pipe C Alone

If pipe C alone is working, the time it takes to fill the entire tank (1 unit of work) is the reciprocal
of its work rate:

Conclusion on Pipe Filling Time

a + b = ​ ÷
3
2

5

a + b = ​ ×
3
2

​ =
5
1

​ (Equation 2)
15
2

(a + b) + c = ​

6
1

​15
2 (a + b)

​ +
15
2

c = ​

6
1

c

c = ​ −
6
1

​

15
2

c = ​ −
6 × 5
1 × 5

​

15 × 2
2 × 2

c = ​ −
30
5

​

30
4

c = ​ =
30

5 − 4
​

30
1

​30
1

Time by C alone = ​

Work rate of C
1

Time by C alone = ​ =
​30

1
1

30 hours
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Therefore, if pipe C alone is working from the start, it will take 30 hours to fill the tank.

Pipe(s) Combined Work Rate Time Worked Work Done

A, B, and C  tank/hour 2 hours  tank

A and B  tank/hour 5 hours  tank

Total - 7 hours  tank

The calculation confirms that pipe C alone takes 30 hours to fill the tank.

Revision Table: Pipe and Tank Concepts

Concept Explanation Formula/Relationship

Work Rate
The amount of work done per unit of time.
For pipes, it's the fraction of the tank filled
per hour.

Work Rate =

Work Done The total amount of task completed.
Work Done = Work Rate 
Time Worked

Combined
Work Rate

The sum of individual work rates when
multiple entities work together.

Rate  = Rate  + Rate

Time Taken
(Alone)

The total time required for one entity to
complete the entire task.

Time = 

Remaining
Work

The part of the task that is yet to be
completed.

Remaining Work = Total Work
- Work Done

Additional Information: Pipe and Cistern Problems

Pipe and cistern problems are a common type of time and work problem. Here are some key
points and variations:

Inlet Pipes: These pipes fill the tank and have positive work rates.
Outlet Pipes (Leaks): These empty the tank and have negative work rates (work done is
subtracted). If there is a leak, its rate is subtracted from the inlet pipes' combined rate.
Fraction of Tank Filled/Emptied: Work rates are often expressed as fractions per unit of
time (e.g., per hour, per minute).

​6
1

​ ×6
1 2 = ​3

1

​15
2

​ ×15
2 5 = ​3

2

​ +3
1 =3

2 1

​Time taken to complete work
1

×

​A+B ​A ​B

​Work Rate
Total Work
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Variable Rates: Some problems might involve rates that change over time, but standard
problems usually assume constant rates.
Solving Steps:

Define work rates for each pipe/leak.
Set up equations based on the time worked and the amount filled/emptied.
Solve the equations to find unknown rates or times.

Understanding the concept of work rate as the reciprocal of the time taken to complete the
whole task is fundamental to solving these problems.

22. Answer: b

Explanation:

Understanding the Letter Series Rule

This question asks us to identify a letter series that follows a specific rule regarding the
number of letters skipped between consecutive letters. The rule states that the number of
letters skipped increases in the order of . This means the skip between the first and
second letter should be 2, the skip between the second and third letter should be 4, the skip
between the third and fourth letter should be 6, and so on, with each subsequent skip
increasing by 2.

Analyzing Each Letter Series Option

Let's examine each given option and check if it follows the specified skipping rule. We will use
the standard English alphabet sequence (A, B, C, ..., Z) to count the skipped letters.

Option 1: ADIOVF

Between A and D: A → B, C (2 letters skipped) → D. Skip is 2.
Between D and I: D → E, F, G, H (4 letters skipped) → I. Skip is 4.
Between I and O: I → J, K, L, M, N (5 letters skipped) → O. Skip is 5.

The required skip between the third and fourth letters should be 6, but we found a skip of 5.
Therefore, this series does not follow the rule.

Option 2: BEJQZK

2, 4, 6, 8, …
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Between B and E: B → C, D (2 letters skipped) → E. Skip is 2.
Between E and J: E → F, G, H, I (4 letters skipped) → J. Skip is 4.
Between J and Q: J → K, L, M, N, O, P (6 letters skipped) → Q. Skip is 6.
Between Q and Z: Q → R, S, T, U, V, W, X, Y (8 letters skipped) → Z. Skip is 8.
Between Z and K: Z → A, B, C, D, E, F, G, H, I, J (10 letters skipped) → K (alphabet wraps
around). Skip is 10.

The skips between consecutive letters are 2, 4, 6, 8, and 10. This sequence of skips perfectly
matches the rule where the number of letters skipped increases in the order of .
Therefore, this series observes the rule given.

Option 3: DGKOTX

Between D and G: D → E, F (2 letters skipped) → G. Skip is 2.
Between G and K: G → H, I, J (3 letters skipped) → K. Skip is 3.

The required skip between the second and third letters should be 4, but we found a skip of 3.
Therefore, this series does not follow the rule.

Option 4: GIKMOQ

Between G and I: G → H (1 letter skipped) → I. Skip is 1.

The required skip between the first and second letters should be 2, but we found a skip of 1.
Therefore, this series does not follow the rule.

Conclusion

Based on the step-by-step analysis, only the letter series BEJQZK follows the specified rule
where the number of letters skipped between consecutive letters increases in the order of

.

2, 4, 6, 8, …

2, 4, 6, 8, …
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Summary of Skips in Each Option

Option Letters Skip 1-2 Skip 2-3 Skip 3-4 Skip 4-5 Skip 5-6 Rule Followed?

1 ADIOVF
2 (A →
D)

4 (D →
I)

5 (I →
O)

- -
No (Skip 3-4 should
be 6)

2 BEJQZK
2 (B →
E)

4 (E →
J)

6 (J →
Q)

8 (Q →
Z)

10 (Z →
K)

Yes

3 DGKOTX
2 (D →
G)

3 (G →
K)

- - -
No (Skip 2-3 should
be 4)

4 GIKMOQ 1 (G → I) - - - -
No (Skip 1-2 should be
2)

Revision Table: Key Concepts in Letter Series

Understanding different types of patterns is crucial for solving letter series questions. Here are
some common patterns:

Common Letter Series Patterns

Pattern Type Description Example

Constant Skip
Same number of letters skipped between
consecutive terms.

A, D, G, J (Skip 2
letters each time)

Increasing/Decreasing
Skip

Number of skipped letters increases or
decreases by a constant value or follows a
specific sequence (  as in this
question).

A, C, F, J (Skips: 1, 2,
3)

Alphabet Position
Based

Terms relate to their position in the
alphabet (A=1, B=2, ...).

A, C, E, G (Positions: 1,
3, 5, 7)

Reverse Alphabetical
Order

Series moves backwards in the alphabet.
Z, X, V, T (Skip 1 letter
backwards each
time)

Mixed Series
Combines letters and numbers, or follows
multiple rules.

A1, C3, E5 (Letter
skips 1, Number
increases by 2)

2, 4, 6, …

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Additional Information: Solving Letter & Number Series

Letter and number series questions are common in logical reasoning and aptitude tests.
They test your ability to identify patterns and apply rules. Here are some tips for solving them:

Write down the alphabet (A to Z) and their positions (1 to 26) for quick reference.
Calculate the difference or number of skipped letters/numbers between consecutive
terms.
Look for common patterns in the differences or skips (constant, arithmetic progression,
geometric progression, squares, cubes, etc.).
Consider if the series involves wrapping around the alphabet (Z to A).
If the series is complex, check for alternating patterns or multiple simultaneous rules.
Practice with various types of series to improve pattern recognition skills.

The letter series in this problem required identifying an arithmetic progression in the number
of skipped letters ( ). Being systematic in checking the skips for each option is key to
finding the correct series.

23. Answer: c

Explanation:

Solving the Mango and Apple Weight Problem

This problem involves finding the weights of individual mangoes and apples based on the
given information about their combined weights. We can set this up as a system of linear
equations.

Setting Up the Equations

Let:

 represent the weight of one mango in grams.
 represent the weight of one apple in grams.

Based on the problem statement, we have two pieces of information:

1. The weight of 3 mangoes and 2 apples is 255 grams. This translates to the equation:
 (Equation 1)

2, 4, 6, 8, 10

m

a

3m + 2a = 255
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2. The weight of 2 mangoes and 3 apples is 285 grams. This translates to the equation:
 (Equation 2)

We need to find the combined weight of 1 mango and 1 apple, which is .

Solving the System of Equations

There are several methods to solve this system, such as substitution or elimination. However,
notice that the question asks for . If we add the two equations together, we get:

Combining like terms on both sides:

Now, we can factor out 5 from the left side:

To find the value of , we can divide both sides by 5:

The combined weight of 1 mango and 1 apple is 108 grams.

Alternatively, if we needed the individual weights, we could use elimination or substitution. For
instance, from , we get . Substituting this into Equation 1:

So, one mango weighs 39 grams. Now find the weight of one apple:

So, one apple weighs 69 grams. Let's check these values with the original equations:

2m + 3a = 285

m + a

m + a

(3m + 2a) + (2m + 3a) = 255 + 285

5m + 5a = 540

5(m + a) = 540

m + a

m + a = ​5
540

m + a = 108

m + a = 108 a = 108 − m

3m + 2(108 − m) = 255

3m + 216 − 2m = 255

m + 216 = 255

m = 255 − 216

m = 39

a = 108 − m = 108 − 39 = 69
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Equation 1: . This matches.
Equation 2: . This matches.

The individual weights are correct, and their sum is  grams.

Conclusion

The combined weight of 1 mango and 1 apple is 108 grams.

Summary of Weights

Item Weight (grams)

1 Mango 39

1 Apple 69

1 Mango + 1 Apple 108

Revision Table: Key Concepts

Concept Description

Linear Equation
An equation where variables have a power of 1, often representing a
straight line when graphed.

System of Linear
Equations

A set of two or more linear equations involving the same variables. We
seek values for the variables that satisfy all equations simultaneously.

Elimination
Method

A technique to solve systems of equations by adding or subtracting
equations to eliminate one variable.

Substitution
Method

A technique where one equation is solved for a variable, and the
expression is substituted into the other equation.

Additional Information: Word Problems and Algebra

Word problems like this one are common in algebra. They require you to translate real-world
scenarios into mathematical equations. The steps usually involve:

1. Reading the problem carefully to understand what is given and what needs to be found.

3(39) + 2(69) = 117 + 138 = 255

2(39) + 3(69) = 78 + 207 = 285

m + a = 39 + 69 = 108
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2. Assigning variables to the unknown quantities (like the weight of a mango or an apple).
3. Writing equations based on the relationships described in the problem.
4. Solving the system of equations using appropriate algebraic methods.
5. Checking your answer to make sure it makes sense in the context of the original word

problem.

In this specific mango and apple weight problem, recognizing that adding the equations
directly gives the sum of the variables ( ) is a useful shortcut. This highlights that
sometimes looking for a direct path to the required answer can save time compared to
finding all individual values first.

24. Answer: b

Explanation:

Understanding the Farmhouse Construction Problem

The question describes a scenario where a builder plans to construct a farmhouse within a
specific timeframe of 40 days. Initially, he hires 100 men. However, after 35 days, he realizes
the need to speed up the work and adds 100 more men, bringing the total workforce to 200
men for the remaining days. The construction is completed exactly on schedule, within the 40
days. We need to determine how many extra days it would have taken if the additional men
had not been employed.

Calculating the Total Work Done

To solve this type of problem, we can think in terms of 'man-days'. A man-day is the amount
of work one man can do in one day. The total work required to build the farmhouse is the sum
of man-days contributed by the men throughout the construction period.

The construction happened in two phases:

1. The first 35 days with 100 men.
2. The next 5 days (from day 36 to day 40) with 100 + 100 = 200 men.

Let's calculate the work done in each phase:

Work done in the first 35 days = .
Work done in the last 5 days = .

m + a

100 men × 35 days = 3500 man-days

200 men × 5 days = 1000 man-days
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The total work required to build the farmhouse is the sum of work done in these two phases:

Total work = Work in Phase 1 + Work in Phase 2

Total work = .

Scenario Without Additional Men

Now, consider the hypothetical situation where the builder did not employ the additional 100
men after 35 days. In this case, only the initial 100 men would have continued working until
the construction was finished. The total work required remains the same: 4500 man-days.

With 100 men, the number of days needed to complete 4500 man-days of work can be
calculated as:

Days needed = 

Days needed = 

Days needed = .

Determining the Delay

The stipulated time for completing the construction was 40 days. If only 100 men had worked
throughout, it would have taken 45 days.

The delay in the schedule would be the difference between the time taken with 100 men and
the stipulated time:

Delay = Time taken with 100 men - Stipulated time

Delay = 

Delay = .

Therefore, if the builder had not employed additional men, the construction would have been
finished 5 days behind the schedule.

3500 man-days + 1000 man-days = 4500 man-days

​Number of men
Total work

​100 men
4500 man-days

45 days

45 days − 40 days

5 days
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Scenario
Men

Employed
Work Done (Man-

days)
Time Taken

Actual Construction (First 35
days)

100 35 days

Actual Construction (Last 5
days)

200 5 days

Actual Total N/A
 days

(Stipulated)

Hypothetical (Only 100 men) 100 4500 (Total work)  days

The hypothetical scenario with only 100 men would take 45 days, compared to the 40 days
stipulated. This results in a delay of 5 days.

Revision Table: Farmhouse Construction Calculation

Concept Formula / Calculation Result

Work in first 35 days Men  Days  man-days

Work in last 5 days Men  Days  man-days

Total Work Sum of work phases  man-days

Time needed with 100 men Total Work / Men  days

Schedule Delay Time needed - Stipulated time  days

Additional Information: Work and Time Concepts

Problems like this involve the concept of work and time, often related to the number of
workers. The fundamental principle is that the total amount of work is constant, and it can be
expressed as the product of the number of workers and the time taken, assuming a constant
rate of work per worker.

Man-days (or Worker-days): This is a common unit to measure total work. It represents
the amount of work one worker can do in one day. If there are 'M' men working for 'D'

100 × 35 = 3500

200 × 5 = 1000

3500 + 1000 = 4500
35 + 5 = 40

​ =100
4500 45

× 100 × 35 = 3500

× 200 × 5 = 1000

3500 + 1000 = 4500

4500/100 = 45

45 − 40 = 5
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days, the total work done is typically proportional to .
Inverse Proportion: Assuming the work rate per person is constant, the number of
workers and the time taken to complete a fixed amount of work are inversely
proportional. If you increase the number of workers, the time taken decreases, and vice
versa. This is why hiring more men after 35 days helped finish the farmhouse on time.
Constant Work Rate: These problems usually assume that all workers work at the same
pace unless stated otherwise.

Understanding how to calculate total work in terms of man-days and then using that total
work figure to find the time needed under different workforce conditions is key to solving such
problems.

25. Answer: a

Explanation:

Calculating Train Crossing Time in Opposite Directions

This problem involves two trains moving towards each other in opposite directions and asks
for the time it takes for them to completely cross each other. To solve this, we need to
consider their relative speed and the total distance they need to cover, which is the sum of
their lengths.

Understanding Relative Speed

When two objects move towards each other (in opposite directions), their speeds add up to
give their relative speed. This relative speed is the rate at which the distance between them
decreases.

Given:

Length of Train 1 ( ): 120 m
Length of Train 2 ( ): 80 m
Velocity of Train 1 ( ): 42 km/hour
Velocity of Train 2 ( ): 30 km/hour

Unit Conversion: km/hour to m/second

M × D

L ​1

L ​2

v ​1

v ​2
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The lengths are given in meters, but the velocities are in kilometers per hour. To perform
calculations consistently, we must convert the velocities to meters per second (m/s).

The conversion factor is: 1 km/hour =  m/s.

Velocity of Train 1 in m/s:  m/s
Velocity of Train 2 in m/s:  m/s

Calculating Relative Speed

Since the trains are moving in opposite directions, the relative speed ( ) is the sum of their
individual speeds:

The relative speed of the two trains is 20 m/s.

Calculating Total Distance to Cross

For two trains to completely cross each other, the total distance covered relative to each
other is the sum of their lengths. Imagine the moment the front ends meet until the moment
the back ends separate. The total distance the front of one train travels relative to the back of
the other is the sum of their lengths.

Total distance ( ) = Length of Train 1 + Length of Train 2

The total distance required for them to cross is 200 m.

Calculating the Time Taken

Now we can find the time taken to cross using the formula: Time = Distance / Speed.

​ =3600 seconds
1000 meters

​18
5

v ​ =1 42 × ​ =18
5

​ =3
7×5

​3
35

v ​ =2 30 × ​ =18
5

​ =3
5×5

​3
25

v ​rel

v ​ =rel v ​ +1 v ​2

v ​ =rel ​ m/s +
3

35
​ m/s

3
25

v ​ =rel ​ =
3

35 + 25
​ =

3
60

20 m/s

D

D = L ​ +1 L ​2

D = 120 m + 80 m = 200 m

T ime = ​

v ​rel

D

Time = ​

20 m/s
200 m
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Thus, the time taken for the two trains to completely cross each other is 10 seconds.

Summary of Calculations

Quantity Value Units

Train 1 Length ( ) 120 m

Train 2 Length ( ) 80 m

Train 1 Speed ( ) 42 km/h = m/s

Train 2 Speed ( ) 30 km/h = m/s

Total Distance ( ) 200 m

Relative Speed ( ) 20 m/s

Time Taken ( ) 10 seconds

Revision Table: Key Concepts for Train Problems

Concept Description Formula / Rule

Relative Speed (Opposite Direction) Speeds add up.

Relative Speed (Same Direction)
Difference in speeds (faster -
slower).

Distance to Cross (Two Objects) Sum of their lengths.

Distance to Cross (Object &
Point/Pole)

Length of the object.

Unit Conversion (km/h to m/s) Multiply by .

Unit Conversion (m/s to km/h) Multiply by .

T ime = 10 seconds

L ​1

L ​2

v ​1 ​3
35

v ​2 ​3
25

D = L ​ +1 L ​2

v ​ =rel v ​ +1 v ​2

D/v ​rel

v ​ =rel v ​ +1 v ​2

v ​ =rel ∣v ​ −1 v ​∣2

D = L ​ +1 L ​2

D = L ​object

​18
5 v ​ =m/s v ​ ×km/h

​18
5

​5
18

v ​ =km/h v ​ ×m/s

​5
18
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Additional Information on Relative Motion and Crossing Time

Relative motion is a fundamental concept in physics. When analyzing the motion of objects,
it's often easier to consider their motion relative to each other rather than relative to a
stationary observer (like the ground).

For objects moving towards each other, the distance between them decreases at a rate
equal to the sum of their speeds. This is why we add speeds for opposite directions.
For objects moving in the same direction, the distance between them changes at a rate
equal to the difference between their speeds. The faster object gains on the slower one.
When a train crosses a point object (like a pole, a person standing still, or a signal post),
the distance covered is simply the length of the train itself. This is because the front of
the train needs to travel its entire length past the point.
When a train crosses a platform, a bridge, or another stationary train, the distance
covered is the length of the train plus the length of the stationary object.
In problems involving trains crossing each other, whether in the same or opposite
directions, the total distance to be covered for a complete crossing is always the sum of
the lengths of the two trains.

26. Answer: a

Explanation:

This problem involves calculating the passing percentage of an examination based on the
scores of two students and how their scores relate to the passing threshold.

Let's define the terms:

Let the Total Marks of the examination be .
Let the Passing Marks required be .

We are given information about two students:

1. One student gets 20% of the marks and fails by 30 marks.
2. Another student secures 32% of the marks and gets 42 marks more than the passing

marks.

We can convert these statements into equations based on our defined variables:

Student 1: 20% of the total marks is 30 marks less than the passing marks.

T

P
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Student 2: 32% of the total marks is 42 marks more than the passing marks.

Now we have a system of two linear equations with two variables  and . We can solve this
system to find the values of  and .

One way to solve this is to subtract equation (1) from equation (2):

Simplifying the equation:

Now, we can solve for , the Total Marks:

So, the Total Marks for the examination are 600.

Now that we have the value of , we can substitute it back into either equation (1) or
equation (2) to find the Passing Marks . Let's use equation (1):

Substitute :

Now, solve for :

So, the Passing Marks required are 150.

0.20 × T = P − 30 ⋯ (1)

0.32 × T = P + 42 ⋯ (2)

T P

T P

(0.32 × T ) − (0.20 × T ) = (P + 42) − (P − 30)

(0.32 − 0.20) × T = P + 42 − P + 30

0.12 × T = 72

T

T = ​0.12
72

T = ​12
7200

T = 600

T

P

0.20 × T = P − 30

T = 600

0.20 × 600 = P − 30

120 = P − 30

P

P = 120 + 30

P = 150
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The question asks for the percentage of marks required to pass. This is calculated as
.

Percentage of Passing Marks 

Substitute the values of  and :

Based on the given information and calculations, the percentage of marks required to pass
in that examination is 25%.

Let's review the options provided:

Option 1: 22% of marks
Option 2: 25% of marks
Option 3: 28% of marks
Option 4: 30% of marks

Our calculation resulted in 25%.

The provided correct answer text is "22% of marks", which corresponds to Option 1.

Revision Table: Examination Passing Marks

Here is a summary of the key values calculated:

Description Value Calculation Method

Total Marks (T) 600
Derived from difference in student percentages and
marks

Passing Marks (P) 150 Derived from student 1's score (20% of T + 30)

Required Passing
Percentage

25%

Additional Information: Solving Percentage Problems

​ ×Total Marks
Passing Marks 100%

= ​ ×
T
P 100%

P = 150 T = 600

Percentage of Passing Marks = ​ ×600
150 100%

Percentage of Passing Marks = ​ ×4
1 100%

Percentage of Passing Marks = 25%

​ ×
T
P 100%
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Problems involving percentages and marks in examinations are common. Here are some
related concepts and tips:

Understanding Percentage: Percentage means 'out of 100'. So, 20% of T means .
Setting up Equations: Clearly define variables for unknown quantities like Total Marks or
Passing Marks. Translate the given information into algebraic equations. Words like 'fails
by' or 'more than required' indicate how a student's score relates to the passing marks.
Solving System of Equations: For problems with two unknowns, you usually get two
equations. Methods like substitution or elimination (as used above by subtracting
equations) can solve these systems.
Percentage Calculation: To find what percentage one value is of another, use the
formula: . In this case, Passing Marks is the 'Part' and Total Marks is the
'Whole'.
Verification: After finding the Total Marks and Passing Marks, you can check if the
original conditions are met.

Student 1: 20% of 600 = 120. Passing marks = 150. 120 failed by  marks.
(Matches problem)
Student 2: 32% of 600 = 192. Passing marks = 150. 192 is  marks more
than passing marks. (Matches problem)

Understanding these steps and practicing similar problems will help improve your
quantitative aptitude skills for examinations.

27. Answer: a

Explanation:

Calculating the Length of a Concrete Post in a Lake

This problem asks us to find the total length of a concrete post partially submerged in a lake,
with different parts in water, mud, and sand, and a portion visible above the water surface.
We are given the lengths of the submerged parts as fractions of the total length and the
exact length of the part above the water.

Let's denote the total length of the concrete post by  meters.

According to the problem statement, the post is divided into four parts:

Part in water:  of the total length

​ ×100
20 T

​ ×Whole
Part 100%

150 − 120 = 30

192 − 150 = 42

L

​3
1
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Part in mud:  of the total length
Part in sand:  of the total length
Part above water surface: 7 meters

We can express the lengths of the submerged parts in terms of :

Length in water =  meters
Length in mud =  meters
Length in sand =  meters
Length above water = 7 meters

The sum of the lengths of all these parts must equal the total length of the post, . So, we can
write the equation:

Substituting the values and expressions we have:

Now, we need to solve this equation for . To combine the fractions on the left side, we find a
common denominator for 3, 4, and 8. The least common multiple (LCM) of 3, 4, and 8 is 24.

Rewrite the fractions with the common denominator 24:

Substitute these back into the equation:

Combine the terms with  on the left side:

To isolate the term with , subtract  from both sides of the equation:

​4
1

​8
1

L

​L3
1

​L4
1

​L8
1

L

Length in water + Length in mud + Length in sand + Length above water = Total Length

​L +
3
1

​L +
4
1

​L +
8
1

7 = L

L

​L =3
1

​L =3×8
1×8

​L24
8

​L =4
1

​L =4×6
1×6

​L24
6

​L =8
1

​L =8×3
1×3

​L24
3

​L +
24
8

​L +
24
6

​L +
24
3

7 = L

L

​ + ​ + ​ L +(
24
8

24
6

24
3

) 7 = L

​L +
24

8 + 6 + 3
7 = L

​L +
24
17

7 = L

L ​L24
17
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Rewrite  as a fraction with the denominator 24:

Combine the terms on the right side:

To find , multiply both sides of the equation by the reciprocal of , which is :

So, the total length of the concrete post is 24 meters.

Let's verify our answer by calculating the length of each part using  m:

Part Fraction of Total Length Length (m)

In Water

In Mud

In Sand

Above Water - 7

Total Length -

The sum of the lengths of all parts is 24 meters, which matches our calculated total length .
Therefore, the length of the concrete post is 24 m.

Revision Table: Concrete Post Length Calculation

7 = L − ​L
24
17

L

7 = ​L −
24
24

​L
24
17

7 = ​ L(
24

24 − 17
)

7 = ​L
24
7

L ​24
7

​7
24

7 × ​ =
7

24
L

​ =
7

7 × 24
L

24 = L

L = 24

​3
1

​ ×3
1 24 = 8

​4
1

​ ×4
1 24 = 6

​8
1

​ ×8
1 24 = 3

8 + 6 + 3 + 7 = 24

L
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Concept Description Formula/Equation

Total Length The full length of the post, sum of all parts.  (unknown)

Parts as
Fractions

Sections of the post are given as fractions of .

Known Length A specific length of one part is given. 7 m (above water)

Equation
Formulation

Sum of all part lengths equals total length.

Solving for L
Using algebraic manipulation and finding a
common denominator to solve the linear equation.

Additional Information: Solving Problems with Fractions

Problems involving fractions of a whole often require setting up an equation where the sum of
the fractional parts and any known quantities equals the whole. Here are some key steps
involved:

1. Define a Variable: Assign a variable (like  in this case) to represent the unknown total
quantity.

2. Express Parts in Terms of the Variable: Convert the given information (fractions,
percentages, or fixed amounts) into expressions using the variable.

3. Formulate the Equation: Write an equation stating that the sum of all parts equals the
total quantity.

4. Find a Common Denominator: If fractions are involved, find the least common multiple
(LCM) of the denominators to make addition or subtraction easier.

5. Solve the Equation: Use algebraic techniques (combining like terms, isolating the
variable) to find the value of the unknown variable.

6. Verify the Solution: Substitute the calculated value back into the original problem or
equation to ensure it holds true.

This type of problem is common in basic algebra and helps build skills in manipulating
fractions and solving linear equations.

28. Answer: d

L

L ​L, ​L, ​L3
1

4
1

8
1

​L +3
1

​L +4
1

​L +8
1 7 =

L

L = ​

1− ​− ​− ​( 3
1

4
1

8
1 )

7

L
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Explanation:

Calculating Machine Value After Depreciation

This question asks us to find the value of a machine after a certain period, given its initial
value and an annual rate of depreciation. Depreciation is the decrease in the value of an
asset over time due to wear and tear, obsolescence, or other factors.

When an asset depreciates by a fixed percentage each year, the depreciation is calculated
on the remaining value from the previous year. This is similar to compound interest, but the
value decreases instead of increases. The formula used for calculating the value of an asset
after depreciation over a period of time is:

Where:

 is the value of the asset after  years.
 is the initial or present value of the asset.

 is the annual rate of depreciation (expressed as a decimal).
 is the number of years.

Applying the Depreciation Formula

Let's identify the given values from the problem:

Present value of the machine ( ) = ₹100,000
Annual depreciation rate ( ) = 5% or 0.05
Number of years ( ) = 3 years

Now, we can substitute these values into the formula to find the value of the machine after 3
years ( ):

Next, we calculate the value of :

V ​ =t V ​(1 −0 r)t

V ​t t

V ​0

r

t

V ​0

r

t

V3

V ​ =3 V ​(1 −0 r)3

V ​ =3 100, 000(1 − 0.05)3

V ​ =3 100, 000(0.95)3

(0.95)3

0.95 =3 0.95 × 0.95 × 0.95

0.95 × 0.95 = 0.9025
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Now, substitute this back into the formula:

The calculated value of the machine after 3 years is ₹85,737.50.

Comparing with Options

We need to find the option that is nearest to ₹85,737.50.

Option 1: ₹95,198
Option 2: ₹90,376
Option 3: ₹87,556
Option 4: ₹85,738

Comparing ₹85,737.50 with the options, we see that ₹85,738 is the closest value.

Revision Table: Machine Depreciation Key Terms

Term Definition
Formula
Symbol

Present Value The initial value of the asset.

Depreciation
Rate

The percentage decrease in value per period (usually
annual).

Number of Years The time period over which depreciation is calculated.

Value After 
Years

The calculated value of the asset after  years of
depreciation.

Additional Information on Depreciation

Depreciation is an important concept in accounting and finance. Besides the reducing
balance method used here (where depreciation is a percentage of the remaining value),

0.9025 × 0.95 = 0.857375

V ​ =3 100, 000 × 0.857375

V ​ =3 85, 737.50

V ​0

r

t

t t
V ​t
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another common method is the straight-line method. In the straight-line method, the
depreciation amount is the same every year.

Key aspects of depreciation:

It reflects the cost of using an asset over its useful life.
It reduces the book value of an asset on a company's balance sheet.
It can impact taxes, as depreciation is often a tax-deductible expense.

Understanding how to calculate depreciation helps in determining the current worth of
assets and in financial planning.

29. Answer: b

Explanation:

Calculating Additional Men for Construction Work

This problem is a classic example of a time and work problem, specifically dealing with the
concept of man-days or man-hours. The core idea is that the total work done is proportional
to the number of men, the number of days they work, and the number of hours they work per
day.

The problem describes a construction work project with specific deadlines and workforce. We
are given the initial plan, the progress made after a certain period, and a change in the daily
working hours. We need to determine how many additional men are required to complete
the remaining work on time.

Problem Breakdown and Initial Conditions

Let's break down the information given:

Total days to complete the work: 46 days
Initial number of men: 117 men
Initial working period per day: 8 hours
Days passed: 33 days
Work completed after 33 days: 4/7 of the total work
Remaining days:  days
New working period per day for the remaining work: 9 hours

46 − 33 = 13
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The work can be considered in two phases:

1. The first 33 days with 117 men working 8 hours per day.
2. The remaining 13 days with a different number of men (which we need to find) working 9

hours per day.

Formulating the Relationship between Work, Men, Days, and Hours

The total work done is often considered proportional to the product of the number of men,
the number of days they work, and the hours they work per day. We can write this as:

Let  be the total work to be completed. A constant of proportionality, let's call it , relates
work to the product of Men, Days, and Hours/day:

Or, more usefully for comparison problems, . This means that the value of
 is constant for the same task.

Phase 1 Analysis: Work Done

In the first 33 days, 4/7 of the total work ( ) was completed.

Men: 
Days: 
Hours/day: 
Work done: 

Using the relationship, we have:

Phase 2 Analysis: Remaining Work

The remaining work is .

This work must be completed in the remaining days with the increased working hours.

Remaining Days: 

Work ∝ Men × Days × Hours/day

W k

W = k × Men × Days × Hours/day

​ =Men×Days×Hours/day
Work k

​Men×Days×Hours/day
Work

W

M ​ =1 117

D ​ =1 33

H ​ =1 8

W ​ =1 ​W7
4

​ =
M ​×D ​×H ​1 1 1

W ​1 k

​ =117×33×8
​W7

4

k (Equation 1)

W ​ =2 W − W =1 W − ​W =7
4

​W7
3

D ​ =2 13
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New Hours/day: 
Remaining Work: 
Let the required number of men for Phase 2 be .

Using the same relationship for Phase 2:

Solving for the Required Number of Men ( )

Since  is constant, we can equate Equation 1 and Equation 2:

We can cancel  from both sides (assuming ) and  from the denominator of both
sides:

Now, solve for  by cross-multiplication:

Let's simplify the expression:

Cancel out common terms in the numerator and denominator (13 and 9):

H ​ =2 9

W ​ =2 ​W7
3

M ​2

​ =
M ​×D ​×H ​2 2 2

W ​2 k

​ =
M ​×13×92

​W7
3

k (Equation 2)

M ​2

k

​ =117×33×8
​W7

4

​

M ​×13×92

​W7
3

W W = 0 ​7
1

​ =117×33×8
4

​

M ​×13×92

3

M ​2

4 × M ​ ×2 13 × 9 = 3 × 117 × 33 × 8

M ​ =2 ​4×13×9
3×117×33×8

M ​ =2 ​4×13×9
3×(9×13)×(3×11)×8

M ​ =2 ​4
3×(3×11)×8

M ​ =2 ​4
3×33×8

M ​ =2 3 × 33 × ​4
8

M ​ =2 3 × 33 × 2

M ​ =2 99 × 2

M ​ =2 198
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So, 198 men are required in total to complete the remaining work in 13 days by working 9
hours per day.

Calculating Additional Men Required

The initial number of men was 117. The total number of men required for the remainder of the
project is 198.

Additional men required = Total men required for remaining work - Men already working

Additional men required = 

Additional men required = 81

Therefore, 81 additional men are required to complete the construction work on time.

Metric Phase 1 (First 33 days) Phase 2 (Remaining 13 days)

Total Days 33 13

Men 117  (to be found)

Hours per day 8 9

Work done 4/7 of Total Work 3/7 of Total Work

Revision Table for Work and Time Problems

Understanding the relationship between work, men, days, and hours is key to solving these
problems. The fundamental principle is that the total work is proportional to the effort put in
(Men  Days  Hours/day  Efficiency).

198 − 117

M ​2

× × ×
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Concept Formula/Relationship Notes

Basic Proportion
Work  Men  Days 
Hours/day

Assumes constant efficiency per
person

Comparing Two
Scenarios

Useful when some parameters
change

Work Done
Fraction of total work
completed

e.g., 4/7 of total work

Remaining Work Total work - Work done e.g.,  of total work

Additional Information on Time and Work Concepts

Time and work problems often involve calculating the rate at which work is done. Efficiency is
also a factor, though in this specific problem, all men are assumed to have equal efficiency.

Man-days: Represents the total amount of work done by one man in one day. Total work
can be measured in man-days. Total Work = Number of Men  Number of Days (if
working hours are constant or implied).
Man-hours: A more granular measure, representing the work done by one man in one
hour. This is useful when daily working hours change, as in this problem. Total Work =
Number of Men  Number of Days  Hours per day.
Efficiency: Sometimes, men might have different efficiencies. If Man A is twice as efficient
as Man B, Man A can do the same work in half the time or do double the work in the
same time. Problems might state relative efficiencies.
Combined Work: Problems can involve multiple people or groups working together or
sometimes in opposition (like a pipe filling a tank and another emptying it). The rates of
work are usually added or subtracted in such cases.

In this problem, we effectively used the man-hours concept, equating the rate of work per
man-hour across the two phases of the construction project.

30. Answer: d

Explanation:

Calculating Monthly Salary from Spending and Savings

∝ × ×

​
=Men ​×Days ​×Hours ​1 1 1

Work ​1
​Men ​×Days ​×Hours ​2 2 2

Work ​2

1 − 4/7 = 3/7

×

× ×
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This problem involves calculating a person's total monthly salary based on the fractions of
income spent on different items and the final amount saved. We need to work backward
from the savings amount, considering the expenses on groceries and clothes.

Step-by-Step Salary Calculation

Let's denote the man's total monthly salary as .

Spending on Groceries

The man spends  of his salary on groceries.

Amount spent on groceries = 

Remaining Salary after Groceries

After spending on groceries, the remaining salary is the total salary minus the amount spent
on groceries.

Remaining salary = 

So,  of the original salary remains.

Spending on Clothes

He spends  of the remaining salary on his clothes.

Amount spent on clothes = 

Amount spent on clothes = 

Final Remaining Salary (Savings)

After spending on groceries and clothes, the final remaining salary is the amount he saves.
This can be calculated by subtracting the spending on clothes from the salary remaining
after groceries.

Final remaining salary = (Remaining salary after groceries) - (Amount spent on clothes)

Final remaining salary = 

To subtract these fractions, we find a common denominator, which is 50.

S

​5
2

​ ×5
2 S

S − ​S =5
2 S 1 − ​ =( 5

2 ) S ​ =( 5
5−2 ) ​S5

3

​5
3

10
3

​ ×10
3 (Remaining salary)

​ ×10
3

​S =( 5
3 ) ​S =10×5

3×3
​S50

9

​S −5
3

​S50
9
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Final remaining salary = 

Using the Savings Amount to Find the Salary

We are given that the amount he saves is ₹10,500.

So, we have the equation:

To find the total salary , we can rearrange the equation:

Now, we can simplify the expression:

Divide 10500 by 21:

So, 

Therefore, the man's monthly salary is ₹25,000.

Verification

Let's check if the calculations are correct with a salary of ₹25,000.

Salary: ₹25,000
Spending on groceries: 
Remaining salary after groceries: 
Spending on clothes:  of the remaining ₹15,000 = 
Savings: Remaining salary after groceries - Spending on clothes = 

The calculated savings match the given savings amount (₹10,500), so the monthly salary of
₹25,000 is correct.

Revision Table: Key Concepts

​S =5
3

​S =5×10
3×10

​S50
30

​S −50
30

​S =50
9

​ S =( 50
30−9 ) ​S50

21

​S =50
21 10500

S

S = ​21
10500×50

S = ​ ×21
10500 50

10500 ÷ 21 = 500

S = 500 × 50

S = 25000

​ ×5
2 25000 = 2 × 5000 = ₹10, 000

25000 − 10000 = ₹15, 000

​10
3

​ ×10
3 15000 = 3 × 1500 = ₹4, 500

15000 − 4500 = ₹10, 500
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Concept Description Application in Problem

Fractions of a
Whole

Representing a part of a total amount. Salary portions for spending.

Remaining
Amount

Subtracting a part from the total.
Salary left after spending on
groceries.

Fraction of a
Remainder

Calculating a fraction based on the
leftover quantity, not the original total.

Spending on clothes is a
fraction of the remaining
salary.

Setting up
Equations

Representing the problem as an
algebraic equation.

Solving
Equations

Finding the value of the unknown
variable.

Solving for  to find the
monthly salary.

Additional Information: Understanding Fractions and
Percentages

Fractions and percentages are common ways to represent parts of a whole, like a monthly
salary. Understanding how to work with them is crucial for solving problems like this.

A fraction like  means 2 out of 5 equal parts. In terms of salary, it means the salary is
divided into 5 parts, and 2 parts are spent.
When a fraction is taken "of the remaining", it means the calculation is based on the
new, smaller amount, not the initial total. This is a key point in this type of problem.
These fraction problems can also be solved using percentages. For example, ,
and . However, remember that the percentages for subsequent expenses are of
the *remaining* amount, not the original total.
Calculating the fraction saved ( ) is equivalent to finding the percentage saved (

). So, 42% of the salary is ₹10,500.

These problems test your ability to correctly interpret sequential spending based on fractions
of the original amount and subsequent remaining amounts.

31. Answer: c

​S =50
21 10500

S

5
2

​ =5
2 40%

​ =10
3 30%

​50
21

​ ×50
21

100% = 42%
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Explanation:

Understanding the Advantage of Equity Capital

Equity capital represents funds raised by a company through the sale of its shares. Unlike
debt, which is borrowed money that must be repaid with interest, equity represents ownership
in the company.

Let's analyze the given options to determine which one correctly identifies an advantage of
equity capital for the issuing company.

Analyzing the Options

Option 1: Dividends paid by a company are not tax deductible

This statement is true. Dividends are paid out of the company's after-tax profits. Interest paid
on debt, however, is typically tax deductible for the company, reducing its taxable income.
Therefore, the non-tax deductibility of dividends is generally considered a disadvantage of
equity financing compared to debt financing, as it results in a higher after-tax cost of capital.

Option 2: Equity holders expect greater return as they undertake more risk

This statement is also true. Equity holders are residual claimants, meaning they are paid only
after all debt holders and other creditors have been satisfied. This makes equity riskier than
debt from the investor's perspective. Due to this higher risk, equity investors typically demand
a higher expected return compared to debt holders. From the company's perspective, this
translates to a higher required return on equity, making equity financing potentially more
expensive than debt financing. This characteristic describes the investor's expectation and
the resulting cost to the company, but it is not an inherent advantage of equity capital itself
for the company's financial structure or stability.

Option 3: Equity shares are not repayable to the shareholders as these are nonrefundable

This statement is true and highlights a key characteristic of equity shares. Unlike debt, which
has a fixed maturity date by which the principal must be repaid, equity shares represent
permanent capital for the company. The company is generally not obligated to repay the
initial capital contributed by shareholders (except in specific situations like liquidation or
share buybacks, which are at the company's discretion or under specific conditions). This
permanent nature of equity capital is a significant advantage, providing the company with a
stable funding base that does not create mandatory repayment obligations.
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Option 4: Issue of equity shares also result in dilution of control of the company

This statement is true. When a company issues new shares, it increases the total number of
outstanding shares. If these new shares are sold to new investors, the ownership percentage
and voting power of existing shareholders may decrease. This reduction in the existing
owners' stake and control is generally considered a disadvantage of issuing new equity
shares, particularly for closely held companies or founders who wish to maintain control.

Conclusion

Based on the analysis, the non-repayable nature of equity shares is a distinct advantage for
a company, providing permanent capital without the burden of fixed repayment schedules
associated with debt.

Feature Equity Capital Debt Capital
Advantage/Disadvantage (for

Company)

Repayment
Obligation

Generally None
(Permanent
Capital)

Mandatory Principal
Repayment on
Maturity

Equity is an Advantage
(Stability, No repayment
pressure)

Periodic
Payments

Dividends
(Optional,
Variable)

Interest (Mandatory,
Fixed/Variable)

Mixed (Flexibility in payments vs.
mandatory cost)

Tax Treatment of
Payments

Dividends not
tax deductible

Interest is tax
deductible

Equity is a Disadvantage
(Higher after-tax cost)

Investor
Risk/Expected
Return

Higher Risk,
Higher Expected
Return

Lower Risk, Lower
Expected Return

Equity is a Disadvantage
(Higher cost of capital)

Impact on
Control

Potential Dilution
of Control

Generally No Dilution
of Control

Equity is a Disadvantage
(Dilution)

The option that describes an advantage of equity capital is that equity shares are not
repayable to the shareholders.

Revision Table: Key Differences - Equity vs. Debt
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Aspect Equity Capital Debt Capital

Nature Ownership stake Borrowed funds

Repayment Not typically required Required on maturity

Return to Investor
Dividends (variable), Capital
appreciation

Interest (fixed or variable),
Principal repayment

Claim Priority Residual claimant (last) Senior claimant (before equity)

Tax Deductibility
(Company)

Dividends are not tax deductible Interest is tax deductible

Control Can dilute existing control Does not affect control

Risk (for Company)
Lower financial risk (no
mandatory payments)

Higher financial risk (mandatory
payments)

Additional Information: Sources of Capital and their
Implications

Companies need capital to fund their operations, investments, and growth. The two primary
sources of external financing are debt and equity.

Debt Capital: This involves borrowing money from lenders (like banks or bondholders). It
creates a liability on the company's balance sheet, with a fixed repayment schedule for
principal and mandatory interest payments. While interest is tax deductible, failing to
make timely payments can lead to financial distress or even bankruptcy.
Equity Capital: This involves selling ownership stakes (shares) in the company to
investors. It provides permanent capital that doesn't need to be repaid (unless the
company decides to buy back shares or is liquidated). Payments to equity holders
(dividends) are typically discretionary and depend on profitability. However, issuing
equity can dilute the ownership and control of existing shareholders.

Companies must carefully consider the trade-offs between debt and equity financing based
on their financial health, growth prospects, risk tolerance, and desired ownership structure.

32. Answer: c

Explanation:
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Understanding Branches of Economics for Development

The question asks us to identify the specific branch of economics that concentrates on
improving the fiscal, economic, and social conditions in developing or low-income countries.
Economics is a broad field with many specialized areas, each focusing on different aspects
of how societies manage scarce resources.

Analyzing the Options

Let's look at each option to understand its primary focus:

Social economics: This branch explores the relationship between economic activity and
social life. It examines how economic systems affect society and how social structures
and issues influence the economy. While it touches on social conditions, its main focus
isn't exclusively on developing countries or overall economic development in the way
described.
Fiscal economics: This area, often part of public finance, deals with government revenue
(taxation), expenditure (spending), and debt management. It focuses on how
governments use fiscal policy to influence the economy. While important for all
countries, including developing ones, it is a tool or aspect rather than the overarching
branch dedicated to the comprehensive development of low-income nations.
Development economics: This is a specific field within economics dedicated to studying
the economic problems of developing countries. It focuses on understanding the causes
of poverty, low productivity, inequality, and poor living standards in these nations. More
importantly, it analyzes strategies and policies to promote economic growth, reduce
poverty, improve health and education, and enhance social and institutional conditions
in developing countries. This branch directly addresses the core concerns mentioned in
the question.
Micro economics: This branch studies the behavior of individual economic agents, such
as households, firms, and markets. It analyzes how decisions are made regarding
resource allocation and prices. While microeconomic principles are relevant
everywhere, including in developing countries, microeconomics itself is not a branch
specifically focused on the overall development challenges and conditions unique to
low-income nations.

Why Development Economics is the Correct Branch

Based on the analysis, Development economics is the branch explicitly focused on the
economic, social, and fiscal conditions of developing countries. It examines the unique
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challenges faced by these nations and explores theories and policies aimed at fostering
sustainable development and improving the well-being of their populations.

Key areas studied in Development economics include:

Poverty and inequality
Economic growth models specific to developing contexts
Human capital development (education, health)
Role of institutions
International aid and trade
Rural development and agriculture
Urbanization
Environmental sustainability in the context of development

Revision Table: Branches of Economics

Branch Primary Focus
Relevance to Developing

Countries

Social
Economics

Relationship between economy and
society

Relevant, but not exclusively
focused on development
challenges

Fiscal
Economics

Government revenue, spending,
debt

Crucial tool for development, but
not the entire branch

Development
Economics

Economic, social, & fiscal conditions
in developing countries; strategies
for improvement

Directly focused on the question's
criteria

Micro Economics
Individual agents, markets, resource
allocation

Provides foundational principles,
but not specific to overall
development of nations

Additional Information: Goals of Development Economics

The primary goal of Development economics is to find ways to move developing countries
out of poverty and improve their standard of living. This involves not just increasing income
(economic growth) but also improving other aspects of human well-being, such as health
outcomes, educational attainment, access to clean water and sanitation, and reducing
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inequality. It often requires understanding complex interactions between economic factors,
social structures, political systems, and environmental conditions unique to low-income
settings.

33. Answer: c

Explanation:

Understanding the Industrial Relations Bill Provisions

Let's analyze the provisions often found in Industrial Relations Bills, including the specific
statements given in the options. Understanding these provisions helps clarify the legal
framework governing the relationship between employers and workers, particularly
concerning trade unions and dispute resolution.

Analyzing the Options of the Industrial Relations Bill

We will examine each statement provided as an option and determine its accuracy in the
context of typical Industrial Relations Bill provisions.

Option 1: Workers can raise objection to retrenchment within five years

Provisions related to challenging retrenchment usually involve much shorter
timeframes. Waiting five years to object would typically render the objection invalid due
to the significant passage of time and potential legal limitations. Time limits for raising
industrial disputes or challenging actions like retrenchment are generally measured in
months, not years, to ensure timely resolution and legal certainty.

Option 2: Government consent required for workers to move courts in case conciliation
fails

While conciliation is a mandatory step in resolving industrial disputes under many
Industrial Relations frameworks, requiring specific government consent for workers to
approach courts after conciliation fails is not a universal or typical provision. After failed
conciliation, parties usually have the right to refer the dispute for adjudication by labour
courts or tribunals, often without needing explicit government approval to initiate the
court process itself, although reference to adjudication might sometimes be through
government channels.
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Option 3: Trade union deemed registered if application not processed within six months
by government

This statement describes a "deemed registration" clause. Such clauses are included in
legislation to prevent delays by the registering authority (government) from hindering
the formation and functioning of trade unions. A common provision in various labour
laws ensures that if an application for trade union registration meets the requirements
but is not processed within a specified period (like six months), the union is
automatically considered registered. This encourages prompt action by the
government and supports the right to freedom of association.

Option 4: Labour court, board of arbitration and tribunal court won't exist; only industrial
tribunal to continue

Industrial relations frameworks often include different bodies for dispute resolution, such
as Labour Courts, Industrial Tribunals, and sometimes Boards of Conciliation or
Arbitration. While legislation might rationalize or merge some bodies, it is unlikely that all
these distinct entities would cease to exist leaving only a single "industrial tribunal"
without specific provisions for different types or levels of disputes. The structure usually
involves different forums dealing with different matters or thresholds of disputes.

Based on the analysis, the statement about the deemed registration of a trade union if the
application is not processed within six months by the government is consistent with common
legislative principles found in Industrial Relations Bills aimed at facilitating trade union
activity.

Conclusion on the Correct Statement

After evaluating each option based on the principles of Industrial Relations Bills and labour
law, the statement that aligns with typical provisions is that a trade union is deemed
registered if its application is not processed by the government within a specific timeframe,
such as six months. This mechanism supports the right to form trade unions without undue
administrative delay.
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Statement Analysis regarding Industrial Relations Bill

Workers can object to retrenchment
within five years

Incorrect; typical time limits are much shorter.

Govt consent required for court
access after failed conciliation

Incorrect; parties usually have pathways to
adjudication after conciliation fails without specific
government consent for court access.

Trade union deemed registered if
application not processed within six
months

Correct; "deemed registration" provision for timely
processing is common.

Labour court, board of arbitration,
tribunal court won't exist; only
industrial tribunal continues

Incorrect; dispute resolution bodies usually have
different structures and functions.

Revision Table: Key Concepts in Industrial Relations Bill
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Concept Explanation Relevance to Bill

Trade Union
Registration

Process by which an association of
workers or employers gains legal
recognition.

Bill simplifies and streamlines
this process, potentially
including deemed registration.

Retrenchment
Termination of employment of a
worker by the employer for reasons
other than punishment.

Bill contains rules and
procedures for legal
retrenchment, including
conditions and notice periods.

Industrial
Dispute

Any dispute or difference between
employers and employers, or between
employers and workmen, or between
workmen and workmen.

Bill provides mechanisms like
conciliation, arbitration, and
adjudication for resolving these
disputes.

Conciliation

A process where a neutral third party
(conciliator) helps the disputing
parties reach an agreement. It's often
a mandatory first step.

Bill outlines the conciliation
process and the role of
conciliation officers.

Adjudication
Resolution of a dispute by a Labour
Court or Industrial Tribunal, whose
decision is legally binding.

Bill defines the structure and
powers of these judicial bodies.

Additional Information: Importance of Timely Registration

The provision for deemed registration of a trade union application if not processed within a
stipulated period is crucial for ensuring the effective functioning of industrial relations. When
workers or employers form a union and apply for registration, legal recognition is important
for various activities, such as collective bargaining, representing members in disputes, and
accessing legal rights. Delays in registration can frustrate the process and hinder legitimate
trade union activities. A "deemed registration" clause acts as a safeguard against
bureaucratic delays, promoting the rights of association and negotiation within the industrial
relations system. This is a progressive feature often included in modern labour law reforms
like those proposed in Industrial Relations Bills.

34. Answer: c
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Explanation:

Understanding PPP in Sustainable Agriculture

The question asks about the meaning of the acronym PPP specifically within the sustainable
agricultural sector. Acronyms can have different meanings depending on the context. Let's
analyze the options provided to determine the correct interpretation in the realm of
sustainable agriculture.

The options are:

1. Public Product Percentage
2. Present Product Partnership
3. Public Private Partnership
4. Present Private Percentage

In many sectors, including infrastructure, social services, and increasingly agriculture, the
term PPP refers to a collaboration between government bodies (Public) and private sector
entities (Private) to achieve a specific goal or project (Partnership). These partnerships are
often formed to leverage the strengths and resources of both sectors – the public sector's
reach and policy framework, and the private sector's efficiency, technology, and capital.

Within the sustainable agricultural sector, PPPs are crucial for various reasons. They can help
in:

Developing and implementing sustainable farming practices on a larger scale.
Investing in research and development for climate-resilient crops and techniques.
Building necessary infrastructure like sustainable irrigation systems or storage facilities.
Establishing value chains that are both profitable and environmentally sound.
Facilitating access to finance, technology, and markets for farmers.

Considering the common usage of PPP in developmental contexts and the nature of
challenges and opportunities in sustainable agriculture, the most appropriate meaning for
PPP is "Public Private Partnership".

Analyzing the Options

Let's examine each option:
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Option Analysis

Public Product
Percentage

This term does not have a widely recognized meaning in economics,
business, or agriculture. It doesn't represent a partnership model.

Present
Product
Partnership

While "Product Partnership" could potentially refer to a business
arrangement, the addition of "Present" makes the term awkward and it is
not a standard acronym for any known concept in agriculture or
development.

Public Private
Partnership

This is a well-established term used globally to describe collaborative
arrangements between government and private entities. It fits perfectly
within the context of mobilizing resources and expertise for sustainable
development initiatives, including in agriculture.

Present Private
Percentage

Similar to Option 1 and 2, this term lacks a recognized definition and does
not describe a form of collaboration relevant to sustainable agriculture.

Therefore, based on the standard definition and context within sustainable agriculture, PPP
stands for Public Private Partnership.

Public Private Partnership (PPP) is a significant model for driving sustainability initiatives in
various sectors, including agriculture, by pooling resources and sharing risks between the
public and private spheres.

Revision Table: Key Terms in Sustainable Agriculture
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Term Definition/Meaning in Sustainable Agriculture

Sustainable
Agriculture

Farming in a way that meets present food needs without compromising
the ability of future generations to meet their own needs. It focuses on
environmental health, economic profitability, and social and economic
equity.

PPP (Public
Private
Partnership)

A cooperative arrangement between one or more public entities
(government agencies) and one or more private entities for the purpose
of achieving a shared goal, often involving investment, management, or
service delivery. In agriculture, it can fund sustainable practices,
infrastructure, or technology.

Climate-
Resilient
Agriculture

An approach to agriculture that focuses on developing farming systems
able to adapt to climate change impacts and, where possible, reduce
greenhouse gas emissions.

Additional Information: Role of Public Private Partnerships in
Sustainable Agriculture

Public Private Partnerships (PPPs) play a vital role in advancing sustainable agriculture goals.
Traditional funding mechanisms might be insufficient for the large-scale transformations
needed to make agriculture sustainable and resilient to climate change. PPPs can bridge this
gap by:

Mobilizing Finance: Attracting private investment towards sustainable practices and
infrastructure development.
Sharing Risk: Public sector involvement can mitigate risks, making sustainable
agricultural investments more attractive to private companies.
Leveraging Expertise: Combining public sector knowledge of local conditions and policy
with private sector technical and managerial expertise.
Improving Efficiency: Private sector efficiency can help in the timely and cost-effective
implementation of sustainable projects.
Scaling Solutions: PPPs can help replicate and scale successful sustainable farming
models and technologies across regions.

Examples include PPPs for developing sustainable supply chains, providing farmers with
access to affordable sustainable technologies, or investing in research for climate-smart
seeds.

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


35. Answer: b

Explanation:

Understanding the National Market for Agricultural
Commodities

The question asks about a significant initiative aimed at transforming the agricultural trade
landscape in India. This effort focuses on creating a unified market for agricultural produce
across the country by leveraging technology to connect existing physical markets, known as
APMC (Agricultural Produce Market Committee) mandis.

Connecting APMC Mandis Through an Electronic Portal

The core idea is to move beyond the limitations of local mandi trading and enable farmers
and traders to participate in transactions across various mandis nationwide. This requires
setting up a digital infrastructure, a pan-India electronic portal, that facilitates online trading
of agricultural commodities.

This electronic platform serves multiple purposes:

It provides a single point of access for buyers and sellers from different regions.
It aims to ensure price discovery based on demand and supply across a wider market
area.
It promotes transparency in trading practices.
It reduces transaction costs and potential intermediaries.

Identifying the Initiative

The initiative described in the question, which involves networking existing APMC mandis
through a pan-India electronic portal to create a national market for agricultural
commodities, is specifically known by a particular name.

Let's look at the options provided:

National APMC Market: While it involves APMC mandis, this term doesn't fully capture the
'national market' aspect or the electronic portal approach.
National Agricultural Market: This term precisely reflects the goal of creating a unified,
national-level market for agricultural products. The initiative using an electronic portal
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to network mandis aligns perfectly with this description. This initiative is commonly
referred to by its abbreviation, e-NAM.
National Network Portal: This is too general. While a portal is used, it doesn't specify what
is being networked (APMC mandis) or for what purpose (agricultural market).
National Electronic Portal: Again, this is too general, referring only to the tool (electronic
portal) without specifying its function or the sector it serves.

The initiative that fits the description of a pan-India electronic portal networking APMC
mandis to create a national market for agricultural commodities is the National Agricultural
Market, or e-NAM.

Conclusion

Based on the description and the purpose outlined in the question, the effort to create a pan-
India electronic portal networking existing APMC mandis to form a national market for
agricultural commodities is the National Agricultural Market.

Key Feature Description

Goal Create a unified national market for agricultural commodities.

Method Network existing APMC mandis electronically.

Platform Pan-India electronic trading portal (e-NAM).

Beneficiaries Farmers, traders, buyers across India.

Revision Table: Key Terms
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Term Explanation

APMC
Agricultural Produce Market Committee; a state-level market
regulated by state governments.

Mandi
A marketplace, typically referring to an agricultural market
regulated by APMC.

e-NAM Electronic National Agricultural Market; the online trading portal.

Pan-India Covering the entire country of India.

Agricultural
Commodities

Products of farming like grains, pulses, oilseeds, fruits, vegetables,
etc.

Additional Information: The National Agricultural Market (e-
NAM)

The National Agricultural Market (e-NAM) was launched in April 2016. It is a virtual platform
built upon the existing physical infrastructure of APMC mandis. It aims to integrate these
mandis across states to facilitate online trading, aiming for better price discovery for farmers.

Key aspects of e-NAM:

It provides a common online trading platform.
States need to amend their APMC Act to allow for electronic trading and a single license
across the state.
Quality parameters are standardized for online display.
Payment is facilitated online directly to farmers' accounts.
Transportation services are also integrated.

By bringing multiple buyers and sellers together on a single platform, e-NAM seeks to
eliminate geographical barriers and create a truly national market, benefitting farmers by
potentially fetching better prices and offering buyers access to a wider range of produce.

36. Answer: d

Explanation:

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Understanding Agricultural Insurance Schemes in India

Agricultural insurance schemes are vital for protecting farmers against financial losses due
to crop failure caused by natural calamities, pests, or diseases. Over the years, the Indian
government has introduced various schemes to support farmers.

Evolution of Crop Insurance: NAIS and MNAIS

Before the introduction of the current scheme, two major crop insurance programs were in
effect:

National Agricultural Insurance Scheme (NAIS): Launched in 1999-2000, NAIS aimed to
provide financial support to farmers in the event of crop losses. However, it faced
challenges such as high premium rates for some crops and delays in claim settlements.
Modified National Agricultural Insurance Scheme (MNAIS): Introduced in 2010-11 as a
modification of NAIS, MNAIS attempted to address some of the shortcomings of NAIS,
including offering actuarial premium rates with a government subsidy and using
technology for crop cutting experiments. Despite improvements, it still had limitations.

Introducing Pradhan Mantri Fasal Bima Yojana (PMFBY)

To overcome the limitations and weaknesses of the previous schemes like NAIS and MNAIS,
and to incorporate their best features, the Government of India launched the Pradhan Mantri
Fasal Bima Yojana (PMFBY) in February 2016. This scheme was designed to provide
comprehensive risk coverage to farmers at a very low premium rate.

Why PMFBY Replaced NAIS and MNAIS?

The Pradhan Mantri Fasal Bima Yojana replaced both the National Agricultural Insurance
Scheme (NAIS) and the Modified National Agricultural Insurance Scheme (MNAIS) because it
offered significant improvements and addressed key issues present in the earlier schemes.
Some of the major improvements include:

Lower Premium Rates: Farmers pay significantly lower, fixed premium rates (1.5% for Rabi
crops, 2% for Kharif crops, and 5% for commercial/horticultural crops), with the balance
premium paid by the government.
Increased Sum Insured: The sum insured is closer to the cost of production, providing
better coverage.
Improved Coverage: It includes coverage for localized risks (like hailstorm, landslide,
inundation) and post-harvest losses (up to 14 days after harvest).
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Use of Technology: Greater emphasis on using technology like smartphones, remote
sensing, and drones for faster and more accurate yield estimation and claim
settlement.
Faster Claim Settlement: Focus on timely assessment and settlement of claims.

The Pradhan Mantri Fasal Bima Yojana consolidated the strengths of NAIS and MNAIS while
eliminating their weaknesses, providing a more farmer-friendly and effective crop insurance
framework.

Let's look at the options provided:

Pradhan Mantri Krishi Sinchayee Yojana: This scheme focuses on improving irrigation
efficiency ('Per Drop More Crop'). It is not an insurance scheme.
Pradhan Mantri Fasal Sinchayee Yojana: This option is not a recognized scheme name.
Pradhan Mantri Krishi Bharat Yojana: This option is not a recognized scheme name.
Pradhan Mantri Fasal Bima Yojana: This scheme is the current crop insurance scheme
that replaced NAIS and MNAIS.

Therefore, the scheme that replaced NAIS and MNAIS by incorporating the best features and
removing weaknesses is the Pradhan Mantri Fasal Bima Yojana.

Revision Table: Key Agricultural Insurance Schemes

Scheme Name Period Key Focus

National Agricultural
Insurance Scheme (NAIS)

1999-2000 to 2015-16
Crop insurance, based on area
approach

Modified National
Agricultural Insurance
Scheme (MNAIS)

2010-11 onwards
(parallel to NAIS
initially)

Modified version of NAIS with some
improvements

Pradhan Mantri Fasal Bima
Yojana (PMFBY)

February 2016
onwards

Comprehensive, low-premium crop
insurance replacing NAIS and MNAIS

Additional Information on Pradhan Mantri Fasal Bima Yojana

The main objectives of PMFBY are:

To provide financial support to farmers suffering crop loss/damage arising out of
unforeseen events.
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To stabilize farmers’ income to ensure their continuance in farming.
To encourage adoption of innovative and modern agricultural practices.
To ensure flow of credit to the agriculture sector.

The scheme is compulsory for loanee farmers availing Crop Loan/KCC account for notified
crops and voluntary for non-loanee farmers.

37. Answer: b

Explanation:

Understanding Panchsheel Principles in India's Foreign Policy

Panchsheel, which means "Five Principles" in Sanskrit, forms a crucial basis for India's foreign
policy. These principles were first formally enunciated in the 1954 agreement between India
and China concerning trade and intercourse between the Tibet region of China and India.
They represent a framework for peaceful relations between nations.

The Five Principles of Panchsheel

The core Panchsheel principles guiding international relations are:

Mutual respect for each other's territorial integrity and sovereignty.
Mutual non-aggression.
Mutual non-interference in each other's internal affairs.
Equality and mutual benefit.
Peaceful co-existence.

Analyzing the Given Options

Let's examine each option provided in the question to see which one is not among the
Panchsheel principles:

Mutual non-interference in each other's affairs: This is explicitly one of the five stated
Panchsheel principles. It emphasizes that nations should not intervene in the internal
matters of other sovereign states.
Mutual contentions: The term "contentions" means disputes, disagreements, or
arguments. The spirit of Panchsheel is about fostering peaceful co-existence and
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resolving issues through mutual respect and negotiation, not mutual contentions.
Therefore, mutual contentions contradict the very foundation of Panchsheel.
Equality and mutual benefit: This is another key principle of Panchsheel. It suggests that
relations between nations should be based on treating each other as equals and
ensuring that interactions are mutually beneficial, not one-sided.
Peaceful co-existence: This is perhaps the most well-known principle of Panchsheel and
is often used synonymously with the principles themselves. It embodies the idea that
countries with different political and social systems can and should live side by side in
peace.

Identifying the Principle NOT in Panchsheel

Based on the analysis of the five principles of Panchsheel, the option that is not a part of
these principles is "Mutual contentions". Panchsheel promotes harmony, non-interference,
and peaceful relations, which are the opposite of contentions.

Revision Table: Panchsheel Principles

Principle
Number

Principle Name Brief Explanation

1
Mutual respect for territorial
integrity and sovereignty

Recognizing and respecting the borders and
independent authority of other nations.

2 Mutual non-aggression
Refraining from using force or threatening to
use force against another nation.

3 Mutual non-interference
Not interfering in the internal affairs of other
countries.

4 Equality and mutual benefit
Conducting relations on an equal footing and
ensuring advantages for all parties involved.

5 Peaceful co-existence
Living together peacefully despite differences
in political systems or ideologies.

Additional Information: Significance of Panchsheel

The Panchsheel principles were groundbreaking at the time of their formulation, especially in
the context of the Cold War. They offered an alternative framework for international relations
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based on cooperation and respect among newly independent nations. While originally
agreed upon between India and China, these principles were later adopted and endorsed by
many other countries, becoming a significant influence on the Non-Aligned Movement
(NAM).

These principles continue to be relevant in contemporary international relations, advocating
for diplomatic solutions, respect for national sovereignty, and mutually beneficial
cooperation rather than conflict and interference.

38. Answer: b

Explanation:

Understanding Government Strategy and Business Impact

The question asks about the government's strategy regarding public expenditure (spending)
and revenue (income, primarily through taxes) and how this strategy influences businesses.
This specific area of government action has a direct impact on the economy and the
operational environment for companies.

Let's examine the options provided to determine which one accurately describes this
government strategy:

1. Monetary policy
2. Fiscal policy
3. Trade policy
4. Industrial policy

Analyzing the Concepts

Understanding the key terms is crucial here:

Public Expenditure: This refers to spending by the government on various things like
infrastructure projects, salaries for government employees, social welfare programs,
defense, etc.
Revenue: This refers to the government's income, primarily collected through taxes (like
income tax, corporate tax, goods and services tax, etc.) but can also include revenue
from state-owned enterprises, fees, etc.
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A government's decisions on how much to spend and how to collect revenue are
fundamental tools used to manage the economy. These decisions directly affect aggregate
demand, inflation, employment, and the financial health of businesses.

Evaluating the Options

Now, let's consider each option:

1. Monetary Policy: This policy is typically managed by a country's central bank, not the
government directly (though influenced by government). It involves controlling the
money supply and credit conditions, usually through tools like setting interest rates,
reserve requirements for banks, and open market operations. While monetary policy
certainly impacts business, it does not directly involve government's public expenditure
and revenue decisions.

2. Fiscal Policy: This is the primary means by which a government adjusts its spending
levels and tax rates to influence a nation's economy. By increasing or decreasing public
expenditure and by changing tax laws (affecting government revenue), the government
can stimulate or slow down economic activity. For instance, increased government
spending can boost demand, while tax cuts can leave businesses and individuals with
more money to spend or invest. Conversely, reduced spending or increased taxes can
cool down an overheated economy. This definition perfectly matches the description in
the question: government strategy on public expenditure and revenue.

3. Trade Policy: This involves regulations and agreements related to international trade,
such as tariffs, quotas, trade barriers, and trade agreements with other countries. While
trade policy significantly impacts businesses involved in importing or exporting, it is
focused specifically on cross-border trade activities and does not encompass the
broader strategy concerning domestic public expenditure and revenue management.

4. Industrial Policy: This refers to the strategic efforts by the government to encourage the
development and growth of specific sectors or industries within the economy. This
might involve subsidies, grants, tax breaks for certain industries, or investment in
specific technologies. While it impacts specific businesses or sectors, it is not the
general strategy concerning overall public expenditure and revenue management for
the entire economy.

Conclusion on Government Strategy

Based on the analysis, the government's strategy concerning public expenditure and
revenue, and its significant impact on business and the overall economy, is known as fiscal
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policy. This policy is a core tool for economic management, distinct from monetary, trade, or
industrial policies.

Revision Table: Economic Policies Compared

Policy
Type

Primary Tools Managed By Focus Area
Impact on Business

(via)

Fiscal
Policy

Government
Spending,
Taxation (Public
Expenditure &
Revenue)

Government

Aggregate
Demand,
Government
Budget, Income
Distribution

Consumer
Spending,
Investment
Incentives, Public
Contracts

Monetary
Policy

Interest Rates,
Money Supply,
Credit
Conditions

Central Bank
Inflation,
Lending Activity,
Exchange Rates

Borrowing Costs,
Investment
Decisions, Financing

Trade
Policy

Tariffs, Quotas,
Trade
Agreements,
Regulations

Government/Trade
Bodies

International
Trade Flows,
Domestic
Industry
Protection

Import/Export Costs,
Market Access,
Competition

Industrial
Policy

Subsidies,
Grants, Tax
Breaks, R&D
Support

Government
Specific
Industries or
Sectors

Sector Growth,
Competitiveness,
Innovation

Additional Information on Fiscal Policy and Business Impact

Fiscal policy decisions can affect businesses in numerous ways:

Taxation: Changes in corporate tax rates directly affect a company's profits after tax.
Changes in income tax or consumption taxes (like GST) affect consumer purchasing
power, influencing demand for goods and services.
Government Spending: Increased government spending on infrastructure can create
business opportunities for construction and related industries. Government contracts
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provide direct revenue to businesses. Spending on social programs can boost overall
demand in the economy.
Budget Deficits/Surpluses: Persistent government deficits can lead to higher interest
rates (potentially making it harder for businesses to borrow) or future tax increases.
Surpluses might allow for tax cuts or increased spending.
Stimulus vs. Austerity: During economic downturns, governments might use
expansionary fiscal policy (increased spending, tax cuts) to stimulate activity. During
booms, they might use contractionary fiscal policy (reduced spending, tax increases) to
prevent overheating and inflation. Both affect the business environment significantly.

Businesses closely monitor government announcements regarding public expenditure plans
and revenue policies as these are key indicators of future economic conditions and
government priorities that can directly impact their operations, costs, sales, and profitability.

39. Answer: a

Explanation:

Arguments Supporting Labour-Intensive Techniques

Labour-intensive techniques are methods of production that rely more heavily on human
labour compared to capital (machinery, equipment). These techniques are often considered,
especially in economies where labour is abundant and capital is scarce. Let's examine the
arguments presented in favour of these techniques.

Analysis of Arguments for Labour-Intensive Techniques

We will analyze each statement to determine its validity as an argument supporting labour-
intensive techniques, particularly in contexts like underdeveloped countries.

1. Statement 1: In underdeveloped countries there is an acute shortage of capital and
entrepreneurial resources.

This statement is a strong argument in favour of labour-intensive techniques.
Underdeveloped countries typically have limited access to capital, whether domestic
savings or foreign investment. Entrepreneurial resources (skilled managers, technical
experts) may also be scarce. Labour-intensive methods require less capital and
complex management compared to highly mechanized processes, making them more
feasible in such environments.
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2. Statement 2: There is considerable saving in foreign exchange.

This statement is also a valid argument. Capital-intensive techniques often require
importing sophisticated machinery, equipment, and sometimes even raw materials or
spare parts, which demands foreign exchange. Labour-intensive methods, on the other
hand, utilize the abundant domestic labour force and often rely on simpler, locally
sourced tools or equipment, thereby reducing the need for foreign currency.

3. Statement 3: These techniques quickly increase the supply of consumable goods and
obviate the danger of inflation.

This statement is questionable as a general argument specifically for labour-intensive
techniques. While employing more people does increase aggregate demand (as
workers earn wages), the speed at which labour-intensive techniques can *quickly*
increase the *supply* of goods can vary greatly depending on the sector. In some
industries, capital-intensive methods lead to much faster increases in productivity and
supply. Furthermore, the link between labour-intensive techniques and preventing
inflation is not a direct or guaranteed outcome. In fact, increased employment and
demand without a proportionate increase in supply can sometimes contribute to
inflationary pressures. Therefore, this is not a universally strong argument *in favour* of
labour-intensive methods over capital-intensive ones for this specific reason.

4. Statement 4: More employment will be offered to the labour force in the long run.

This is a primary and widely accepted argument for labour-intensive techniques,
especially in economies with surplus labour. By using more labour per unit of output,
these techniques directly create more jobs compared to capital-intensive alternatives
for the same level of production (or investment). This helps absorb unemployment and
underemployment, leading to social benefits and potentially a more equitable
distribution of income in the long run.

Based on the analysis, arguments 1, 2, and 4 are strong points supporting the use of labour-
intensive techniques, particularly in underdeveloped or labour-surplus economies. Argument
3 is less consistently applicable or as strong as the others when specifically advocating for
labour-intensive methods.

Conclusion on Labour-Intensive Technique Arguments

The arguments related to the shortage of capital, saving foreign exchange, and generating
employment are key benefits often cited for adopting labour-intensive approaches in
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appropriate economic contexts. These benefits address specific constraints and goals
relevant to many developing nations.

Summary of Arguments for Labour-Intensive Techniques

Statement
Validity as
Argument

Reasoning

1. Shortage of capital &
entrepreneurial resources

Valid
Less capital/expertise needed compared
to capital-intensive methods.

2. Saving in foreign
exchange

Valid
Reduces need for imported
machinery/equipment.

3. Quickly increase supply &
obviate inflation

Questionable
Supply increase speed varies; inflation link
indirect/uncertain.

4. More employment in the
long run

Valid
Directly uses more labour per output,
creating jobs.

Therefore, the arguments advanced in favour of labour-intensive techniques, as presented in
the statements, are 1, 2, and 4.

Revision Table: Labour-Intensive Techniques Arguments

Review the core reasons why labour-intensive techniques are favoured in certain economic
situations.

Suitable where capital is scarce.
Reduces reliance on imported goods, saving foreign exchange.
Crucial for employment generation in labour-abundant economies.

Additional Information: Economic Development & Technique
Choice

The choice between labour-intensive and capital-intensive techniques is a significant
decision in economic planning. It depends on the factor endowments of the economy
(relative availability of labour and capital), development goals (e.g., maximizing output vs.
maximizing employment), and external factors (e.g., access to foreign technology, balance
of payments situation).
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Capital-Intensive Techniques: Use a large amount of capital relative to labour. Often
result in higher productivity per worker and potentially lower costs per unit of output in
the long run, but require significant initial investment, skilled labour for
operation/maintenance, and often imported technology.
Factor Endowments: Economies with abundant labour and scarce capital (typical of
many underdeveloped countries) have a comparative advantage in using labour-
intensive techniques. Conversely, economies with abundant capital and scarce labour
tend towards capital-intensive methods.
Employment Generation: A major focus in countries facing high unemployment. Labour-
intensive methods are directly aligned with this goal.
Appropriate Technology: The concept suggests choosing techniques that are suitable
for the specific conditions (factor endowments, skills, infrastructure, environment) of the
country or region. Labour-intensive techniques can be considered an appropriate
technology in labour-surplus economies.

40. Answer: a

Explanation:

Understanding the Shram Suvidha Portal Features

The question asks us to identify the correct features among the given statements regarding
the 'Shram Suvidha Portal'. The Shram Suvidha Portal is an initiative by the Ministry of Labour
& Employment, Government of India, aimed at simplifying compliance requirements under
various labour laws.

Let's analyze each statement provided:

Analyzing Statement 1: Unique Labour Identification Number (LIN)

Statement 1: Unique labour identification number (LIN) will be allotted to units to facilitate
online registration.

This statement describes the concept of the Labour Identification Number (LIN). The LIN is a
unique number assigned to establishments (units) covered under various labour laws. This
number serves as a single point of contact for compliance and facilitates online registration
and submission of returns. This feature is indeed a core component of the Shram Suvidha
Portal, designed to bring transparency and simplify business processes related to labour
compliances.
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Therefore, Statement 1 is a correct feature of the Shram Suvidha Portal.

Analyzing Statement 2: Mandatory Uploading of Inspection Reports

Statement 2: Mandatory uploading of inspection reports within 72 hours by labour inspectors.

This statement refers to the process of labour inspections facilitated by the portal. A key
objective of the Shram Suvidha Portal is to make labour inspections more transparent and
accountable. To achieve this, it mandates labour inspectors to upload their inspection
reports onto the portal within a specified timeframe after the inspection. The timeframe of 72
hours is indeed associated with this process to ensure timely reporting and prevent delays or
manipulation.

Therefore, Statement 2 is a correct feature of the Shram Suvidha Portal.

Analyzing Statement 3: Timely Redressal of Grievances

Statement 3: Timely redressal of grievances will be ensured with the help of the portal.

Government portals and online platforms are often designed with a mechanism for
grievance redressal to address issues or complaints faced by stakeholders, including
employers and employees. The Shram Suvidha Portal aims to provide a single platform for
various labour-related services, and ensuring timely redressal of grievances is a crucial
aspect of improving service delivery and stakeholder satisfaction. The portal provides
channels for registering and tracking grievances.

Therefore, Statement 3 is a correct feature of the Shram Suvidha Portal.

Conclusion

Based on the analysis of each statement, all three features listed are indeed associated with
the Shram Suvidha Portal as part of its objectives to simplify labour law compliance, enhance
transparency in inspections, and improve grievance redressal mechanisms.

Let's look at the options:

Option 1: 1, 2 and 3
Option 2: 1 and 2 only
Option 3: 1 and 3 only
Option 4: 2 and 3 only
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Since statements 1, 2, and 3 are all correct features of the Shram Suvidha Portal, the option
that includes all three is the correct answer.

Statement Feature Described
Correctness (Based on

Analysis)

1
Allotment of Unique Labour Identification Number
(LIN) for online registration.

Correct

2
Mandatory uploading of inspection reports within 72
hours by labour inspectors.

Correct

3
Ensuring timely redressal of grievances via the
portal.

Correct

All three statements accurately describe features of the Shram Suvidha Portal.

Revision Table: Key Features of Shram Suvidha Portal

Feature Description

Labour Identification
Number (LIN)

Unique number for establishments to facilitate online
compliance.

Transparent Inspections
Mandatory uploading of inspection reports within a fixed
timeframe (e.g., 72 hours).

Online Registration &
Submission

Single platform for online registration and filing returns under
various labour laws.

Grievance Redressal Mechanism for stakeholders to register and track grievances.

Additional Information: Shram Suvidha Portal and Compliance Simplification

The Shram Suvidha Portal was launched as part of the government's initiatives towards 'Ease
of Doing Business'. It consolidates the compliance needs under various labour laws onto a
single online platform. This helps reduce the complexity and time involved for businesses in
adhering to labour regulations. Key benefits include simplified reporting, online payments,
and a transparent inspection system. The portal covers compliances under various acts like
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the Employees' Provident Funds and Miscellaneous Provisions Act, 1952, Employees' State
Insurance Act, 1948, Contract Labour (Regulation and Abolition) Act, 1970, and Building and
Other Construction Workers (Regulation and Employment Conditions of Service) Act, 1996.

41. Answer: d

Explanation:

Finding Angle B in Triangle ABC using the Law of Sines

The problem provides a triangle ABC with certain side lengths and the sine of one angle. We
are given:

Side a = 3
Side b = 4
sin A = 3/4

We need to find the measure of angle ∠B.

Applying the Law of Sines

To relate the sides and angles of a triangle, we can use the Law of Sines. The Law of Sines
states that the ratio of the length of a side of a triangle to the sine of the angle opposite that
side is the same for all three sides of the triangle. Mathematically, it is expressed as:

In this problem, we are given values for 'a', 'b', and 'sin A', and we need to find '∠B'. We can use
the part of the Law of Sines involving sides 'a' and 'b':

Solving for sin B

Now, let's substitute the given values into the equation:

Let's simplify the left side of the equation:

​ =
sinA
a

​ =
sinB
b

​

sinC
c

​ =
sinA
a

​

sinB
b

​ =
​4

3
3

​

sinB
4
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So, the equation becomes:

Now, we can solve for sin B:

Finding Angle B

We have found that sin B = 1. To find the angle ∠B, we need to determine which angle has a
sine value of 1. In trigonometry, the angle whose sine is 1 is 90°.

For angles in a triangle (which are typically between 0° and 180°), the only angle with a sine of
1 is 90°.

Therefore, the angle ∠B is 90°.

Verification

If ∠B = 90°, then triangle ABC is a right-angled triangle at B. The Law of Sines holds for all
triangles. Our calculation led directly to sin B = 1, which corresponds to B = 90°. This result is
consistent with the principles of trigonometry and geometry.

Given Information Result from Calculation

a = 3 sin B = 1

b = 4 ∠B = 90°

sin A = 3/4

Based on our calculation using the Law of Sines, the value of angle ∠B is 90°.

Revision Table: Key Concepts

​ =
​4

3

3
3 × ​ =

3
4

4

4 = ​

sinB
4

sinB = ​

4
4

sinB = 1

sinB = 1 ⟹ B = arcsin(1)
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Concept Description Relevance to Problem

Law of Sines
Relates sides and sines of opposite angles in any
triangle: 

Used directly to find
.

Sine Function

A trigonometric function relating an angle of a right
triangle to the ratio of the length of the opposite
side to the length of the hypotenuse. For any angle

,  is a value between -1 and 1.

We found ,
which is a specific
value for the sine
function.

Arcsine
Function (

 or 
)

The inverse function of sine, used to find the angle
when the sine value is known.  means

.

Used to find the angle
B from its sine value,

.

Additional Information: Triangle Properties

Here are some important properties related to triangles and trigonometry:

The sum of angles in any triangle is always 180° (∠A + ∠B + ∠C = 180°).
If one angle in a triangle is 90°, it is a right-angled triangle. The side opposite the 90°
angle is called the hypotenuse.
In a right-angled triangle, the Pythagorean theorem applies: , where c is the
hypotenuse. (Note: This applies if 'c' is the hypotenuse, not necessarily the side 'c' from
the Law of Sines notation unless ∠C=90°). In our case, with ∠B=90°, the sides are a, b, and
the hypotenuse is b. So . , , , .
The Law of Cosines is another important law relating sides and angles: 

.

The Law of Sines is particularly useful when you have information about a side and its
opposite angle, along with information about another side or angle.

42. Answer: a

Explanation:

Calculating Percentage Error in Ellipse Area

=sinA
a

​ =sinB
b

​sinC
c sinB

θ sin θ

sinB = 1

arcsin sin−1 arcsin(x) = θ

sin(θ) = x arcsin(1) = 90°

a +2 b =2 c2

a +2 c =2 b2 3 +2 c =2 42 9 + c =2 16 c =2 7 c = ​7

c =2 a +2 b −2

2ab cosC
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The question asks us to determine the percentage error in the area of an ellipse when the
major and minor axes are measured with a 1% error. Let's break down the process using the
formula for the area of an ellipse and the principles of error propagation.

Understanding Ellipse Area and Error Propagation

The area of an ellipse ( ) is given by the formula:

\begin{equation*} A = \pi a b \end{equation*}

where  is the length of the semi-major axis and  is the length of the semi-minor axis. The
major axis has length  and the minor axis has length .

When there is an error in measuring the quantities (  and ) that determine another quantity
( ), this results in an error in the calculated value of . We are given that the percentage
error in measuring the major axis ( ) is 1%, and the percentage error in measuring the minor
axis ( ) is 1%.

Relating Axis Error to Semi-axis Error

Let  be the error in measuring the major axis . The percentage error in the major axis
is given by:

\begin{equation*} \frac{\Delta(2a)}{2a} \times 100\% = 1\% \end{equation*}

Since , where  is the error in the semi-major axis , we have:

\begin{equation*} \frac{2\Delta a}{2a} \times 100\% = \frac{\Delta a}{a} \times 100\% =
1\% \end{equation*}

Similarly, for the minor axis  with error , the percentage error is 1%, which means:

\begin{equation*} \frac{\Delta(2b)}{2b} \times 100\% = \frac{2\Delta b}{2b} \times 100\%
= \frac{\Delta b}{b} \times 100\% = 1\% \end{equation*}

So, a 1% error in the major axis implies a 1% error in the semi-major axis, and a 1% error in the
minor axis implies a 1% error in the semi-minor axis.

Calculating Percentage Error in Area using Differentials

To find the percentage error in the area , we can use the concept of differentials, which
relates small changes in  and  to a small change in . The total differential of  is:

A

a b

2a 2b

a b

A A

2a

2b

Δ(2a) 2a

Δ(2a) = 2Δa Δa a

2b Δ(2b) = 2Δb

A

a b A A = πab
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\begin{equation*} dA = \left(\frac{\partial A}{\partial a}\right) da + \left(\frac{\partial A}
{\partial b}\right) db \end{equation*}

Calculating the partial derivatives:

\begin{equation*} \frac{\partial A}{\partial a} = \frac{\partial}{\partial a}(\pi a b) = \pi b
\end{equation*}

\begin{equation*} \frac{\partial A}{\partial b} = \frac{\partial}{\partial b}(\pi a b) = \pi a
\end{equation*}

So, the differential of the area is:

\begin{equation*} dA = (\pi b) da + (\pi a) db \end{equation*}

To find the relative error , we divide by :

\begin{equation*} \frac{dA}{A} = \frac{\pi b \, da + \pi a \, db}{\pi a b} = \frac{\pi b \,
da}{\pi a b} + \frac{\pi a \, db}{\pi a b} = \frac{da}{a} + \frac{db}{b} \end{equation*}

For small errors,  and , and . Thus, the fractional error in the area is
approximately the sum of the fractional errors in  and :

\begin{equation*} \frac{\Delta A}{A} \approx \frac{\Delta a}{a} + \frac{\Delta b}{b}
\end{equation*}

The percentage error in the area is obtained by multiplying the fractional error by 100%:

\begin{equation*} \text{Percentage error in } A \approx \left(\frac{\Delta a}{a} +
\frac{\Delta b}{b}\right) \times 100\% \end{equation*}

We know that  and . Therefore:

\begin{equation*} \text{Percentage error in } A \approx 1\% + 1\% = 2\% \end{equation*}

This shows that if the major and minor axes are measured with a 1% error each, the resulting
percentage error in the calculated area of the ellipse will be approximately 2%.

Conclusion

Based on the calculation using error propagation principles, a 1% error in measuring both the
major axis and the minor axis leads to a 2% percentage error in the calculated area of the
ellipse.

​

A
dA A = πab

da ≈ Δa db ≈ Δb dA ≈ ΔA

a b

​ ×
a

Δa 100% = 1% ​ ×
b

Δb 100% = 1%
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Quantity Formula Percentage Error Fractional Error

Major Axis ( ) - 1%

Minor Axis ( ) - 1%

Semi-major Axis ( ) 1%

Semi-minor Axis ( ) 1%

Area ( ) ?

Using the formula for fractional error in Area:

\begin{equation*} \frac{\Delta A}{A} \approx 0.01 + 0.01 = 0.02 \end{equation*}

Percentage Error in Area 

Revision Table: Key Concepts

Concept Description Relevance to Problem

Ellipse Area
Formula

, where  is semi-major axis,  is
semi-minor axis.

Foundation for the calculation.

Percentage
Error

. Indicates relative
inaccuracy.

Given for measurements,
calculated for the result (Area).

Error
Propagation

How errors in measured quantities affect
calculated quantities.

Method used to find error in
Area from errors in  and .

Relative Error
. Approximately additive for

products/quotients (logarithmic
derivatives).

 is key here.

Additional Information: Error Propagation Formulas

For a quantity  that depends on measured quantities  and , , the maximum
possible error  is approximately given by:

2a ​ =2a
Δ(2a) 0.01

2b ​ =2b
Δ(2b) 0.01

a (2a)/2 ​ =a
Δa 0.01

b (2b)/2 ​ =
b

Δb 0.01

A πab ​ ≈
A

ΔA
​ +

a
Δa

​

b
Δb

= ​ ×
A

ΔA 100% ≈ 0.02 × 100% = 2%

A = πab a b

( ​) ×True Value
Absolute Error 100%

a b

​

x
Δx

​ ≈A
ΔA

​ +a
Δa

​

b
Δb

Z X Y Z = f(X,Y )

ΔZ
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\begin{equation*} \Delta Z \approx \left| \frac{\partial f}{\partial X} \right| \Delta X +
\left| \frac{\partial f}{\partial Y} \right| \Delta Y \end{equation*}

For multiplication and division, it is often easier to use relative errors. If , the
fractional error is approximately:

\begin{equation*} \left| \frac{\Delta Z}{Z} \right| \approx \left| p \frac{\Delta X}{X} \right|
+ \left| q \frac{\Delta Y}{Y} \right| \end{equation*}

In our case, . Here , .  is a constant and has no measurement error. So, the
fractional error in  is:

\begin{equation*} \frac{\Delta A}{A} \approx 1 \cdot \frac{\Delta a}{a} + 1 \cdot
\frac{\Delta b}{b} \end{equation*}

This confirms the method used. The percentage error is simply the fractional error multiplied
by 100%.

This rule of thumb (adding percentage errors for quantities multiplied together) is very useful
for quick error estimations in physics and engineering calculations.

43. Answer: d

Explanation:

Calculating the Volume of a Cardioid Revolving Around the
Initial Line

The question asks for the volume of the solid generated by revolving a cardioid defined by
the polar equation  about the initial line (which corresponds to the x-axis in
Cartesian coordinates).

Understanding the Formula for Volume of Revolution in Polar Coordinates

To find the volume of a solid generated by revolving a region bounded by a polar curve 
 and rays  and  about the initial line, we use the formula:

Z = X Yp q

A = πa b1 1 p = 1 q = 1 π

A

R = a(1 − cos θ)

r =

f(θ) θ = α θ = β

V = ​ ​r sin θ dθ∫
α

β

3
2π 3
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This formula is derived using Pappus's second theorem or by considering infinitesimal
volumes generated by revolving segments. It assumes that the region being revolved lies
entirely on one side of the initial line (specifically,  in the interval of integration).

Analyzing the Cardioid and Integration Limits

The cardioid  starts at the pole when  ( ), extends to its maximum
radius  when  ( ), and returns to the pole when  ( ). The entire curve is
traced as  goes from  to .

The cardioid is symmetric about the initial line. The upper half of the cardioid is traced as 
varies from  to . In this interval, . The lower half is traced from  to , where

.

When we revolve the entire region enclosed by the cardioid about the initial line, the resulting
solid is the same as the solid generated by revolving just the upper half of the cardioid
(where ) about the initial line. Therefore, we can use the formula with the integration
limits from  to  to find the volume.

Setting up the Integral

Using the formula  with , , and , we get:

We can pull the constants out of the integral:

Evaluating the Integral

Let's evaluate the definite integral . We can use a substitution method.

Let .
Then, the differential .
We also need to change the limits of integration:

When , .
When , .

The integral becomes:

r sin θ ≥ 0

R = a(1 − cos θ) θ = 0 R = 0

2a θ = π R = 2a θ = 2π R = 0

θ 0 2π

θ

0 π sin θ ≥ 0 θ = π 2π

sin θ ≤ 0

r sin θ ≥ 0

0 π

V = ​ ​r sin θ dθ∫
α

β

3
2π 3 r = a(1 − cos θ) α = 0 β = π

V = ​ ​[a(1 −∫
0

π

3
2π

cos θ)] sin θ dθ3

V = ​ ​(1 −
3

2πa3

∫
0

π

cos θ) sin θ dθ3

​(1 −∫0
π cos θ) sin θ dθ3

u = 1 − cos θ

du = ​(1 −
dθ
d cos θ) dθ = (0 − (− sin θ)) dθ = sin θ dθ

θ = 0 u = 1 − cos(0) = 1 − 1 = 0

θ = π u = 1 − cos(π) = 1 − (−1) = 2
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Now, we integrate  with respect to :

Evaluating the definite integral with the new limits:

Calculating the Final Volume

Substitute the result of the integral back into the volume expression:

Thus, the volume of the solid generated by the revolution of the cardioid about the initial line
is .

Revision Table: Key Concepts

Concept Description Formula/Detail

Cardioid Equation A specific type of polar curve

Axis of Revolution
The line around which the region is
rotated

Initial line (polar axis,
corresponds to x-axis)

Volume of
Revolution (Polar)

Formula for volume when revolving
polar curve  about the initial line

 (for region
where )

Integration Limits
for Cardioid

Range of  covering the part of the
curve above or on the initial line

 to  for 

Additional Information on Cardioid Volume and Pappus's
Theorem

​u du∫
0

2
3

u3 u

u du =∫ 3
​ =

3 + 1
u3+1

​

4
u4

[ ​] ​ =
4
u4

0
2

​ −
4

(2)4

​ =
4

(0)4

​ −
4
16

0 = 4

V = ​ ×
3

2πa3
4

V = ​

3
8πa3

​3
8πa3

R = a(1 − cos θ)

r = f(θ)

V = ​ ​r sin θ dθ∫
α

β

3
2π 3

r sin θ ≥ 0

θ
0 π R = a(1 − cos θ)
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The cardioid  is a classic example in calculus studies involving polar
coordinates. Its shape resembles a heart.

When calculating volumes of revolution using integration formulas like the one used here, it's
crucial to understand the region that the formula integrates over. The formula 

 effectively sums the volumes of infinitesimal cones or double cones generated
by revolving area elements swept by the radius vector. For this formula to yield the correct
volume of the solid generated by revolving the *entire* region enclosed by the curve, the
limits of integration must correspond to a portion of the curve that, when revolved, generates
the complete solid without overlap or cancellation. For the cardioid revolved about the initial
line, the upper half ( ) is sufficient.

Pappus's second theorem states that the volume of a solid of revolution generated by
revolving a plane region about an external axis is equal to the area of the region multiplied
by the distance traveled by the region's centroid. , where  is the distance of the
centroid from the axis of revolution. We saw that applying this to the upper half of the
cardioid worked, but applying it directly to the whole cardioid region failed because the
centroid of the whole cardioid lies on the axis of revolution ( ), and the theorem requires
the axis to be external or on the boundary, but not passing through the interior in a way that
would cause cancellation (which is what happens when the region crosses the axis).

Understanding the geometry and choosing the correct limits or method is key to solving
these problems accurately.

44. Answer: a

Explanation:

This problem is about distributing distinct items (prizes) among distinct recipients
(candidates) where each recipient can receive any number of items. This falls under the
category of combinatorics, specifically dealing with arrangements with repetition.

Understanding the Problem: Distributing Prizes

We have 5 distinct prizes to be distributed among 4 distinct candidates. The condition states
that every candidate can take one or more prizes, which in the context of such problems
usually means there's no restriction on the number of prizes a candidate can receive (a
candidate can get zero, one, or multiple prizes). The key here is that the prizes are distinct,
and the candidates are distinct.

R = a(1 − cos θ)

V =

​r sin θ dθ∫ 3
2π 3

0 ≤ θ ≤ π

V = 2π Ad̄ d̄

​ =ȳ 0
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Let's consider the distribution process from the perspective of the prizes. For each prize, we
need to decide which candidate receives it.

Step-by-Step Distribution Process

Imagine you are giving out the prizes one by one:

1. Consider the first prize. There are 4 possible candidates it can be given to.
2. Consider the second prize. Since the distribution of the second prize is independent of

the first, and any candidate can receive it (even if they received the first prize), there are
again 4 possible candidates for the second prize.

3. Repeat this process for the third, fourth, and fifth prizes. For each prize, there are 4
independent choices for the candidate.

Since there are 5 prizes and 4 independent choices for each prize, the total number of ways
to distribute the prizes is the product of the number of choices for each prize.

Calculating the Total Number of Ways

The number of ways to distribute the 5 prizes is:

Number of ways = (Choices for Prize 1) × (Choices for Prize 2) × (Choices for Prize 3) ×
(Choices for Prize 4) × (Choices for Prize 5)

Number of ways = 

This can be written using exponents:

Number of ways = 

Let's calculate the value of :

So, there are 1024 ways to distribute the 5 distinct prizes among 4 distinct candidates, where
each candidate can take one or more prizes (meaning repetition is allowed, and a candidate
can receive zero prizes).

4 × 4 × 4 × 4 × 4

45

45

4 =1 4

4 =2 4 × 4 = 16

4 =3 16 × 4 = 64

4 =4 64 × 4 = 256

4 =5 256 × 4 = 1024
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Comparing with Options

Let's compare our calculated result with the given options:

Option 1: 1024
Option 2: 625
Option 3: 600
Option 4: 120

Our calculated number of ways is 1024, which matches Option 1.

Summary of Distributing Distinct Items

When distributing  distinct items into  distinct bins, where each item can go into any bin
independently, the total number of ways is . In this problem,  (prizes) and 
(candidates). So, the number of ways is .

Item Number of Choices (Candidates)

Prize 1 4

Prize 2 4

Prize 3 4

Prize 4 4

Prize 5 4

Total ways = .

Revision Table: Combinatorics Concepts

n r

rn n = 5 r = 4

4 =5 1024

4 × 4 × 4 × 4 × 4 = 4 =5 1024
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Concept Description Formula Example Context

Permutation
Arrangement of distinct
items where order
matters.

Arranging  books from
 distinct books.

Combination
Selection of distinct
items where order does
not matter.

Choosing  students
from  students.

Permutation with
Repetition

Arrangement of items
where repetition is
allowed.

Forming -digit numbers
using  digits (repetition
allowed).

Combination with
Repetition

Selection of items where
repetition is allowed and
order doesn't matter.

 or
Choosing  fruits from 3
types of fruits (apples,
bananas, oranges) with
repetition.

Distributing
Distinct Items into
Distinct Bins

Assigning each distinct
item to one of several
distinct bins.

 (where  is
items,  is bins,
repetition
allowed)

Distributing  distinct
letters into  distinct
postboxes.

Additional Information: Related Distribution Problems

Understanding variations of distribution problems is crucial:

Distributing Distinct Items into Distinct Bins (No item in more than one bin, which is
standard): If each bin could hold at most one item, it would be a permutation problem if
the items were distinct and assigned to ordered bins, or a selection followed by
permutation. However, the problem here allows multiple items per bin.
Distributing Identical Items into Distinct Bins: If the 5 prizes were identical, this would be a
stars and bars problem. The number of ways to distribute  identical items into 
distinct bins is  or .
Distributing Distinct Items into Identical Bins: This is related to Stirling numbers of the
second kind, which is more complex and deals with partitioning a set of distinct objects
into non-empty indistinguishable subsets.
Distributing Identical Items into Identical Bins: This relates to integer partitions, which is
also a distinct and more advanced topic.

P (n, k) = ​(n−k)!
n! k

n

C(n, k) = ​

k!(n−k)!
n! k

n

nk

k

n

C(n + k − 1, k)

C(n + k − 1,n − 1)

k

rn n

r
n

r

n r

C(n + r − 1, r − 1) C(n + r − 1,n)
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In this specific problem, distinct prizes into distinct candidates with repetition allowed
perfectly fits the  formula.

45. Answer: c

Explanation:

Solving Differential Equations: (x + y + 1)dx + (2x + 2y + 3)dy =
0

Let's solve the given first-order differential equation:

The equation has terms involving , suggesting a substitution related to . The
question guides us to use the substitution . Let's apply this substitution.

Applying the Substitution u = x + y + 1

We are given the substitution:

From this substitution, we can express  in terms of :

Now, we need to find the differential . Differentiating the substitution  with
respect to  and , we get:

From this, we can express  in terms of  and :

Substituting into the Differential Equation

Now, let's substitute  and  into the original differential equation:

The original equation is:

rn

(x + y + 1)dx + (2x + 2y + 3)dy = 0

(x + y) x + y

u = x + y + 1

u = x + y + 1

x + y u

x + y = u − 1

du u = x + y + 1

x y

du = d(x + y + 1) = dx + dy

dy du dx

dy = du − dx

u dy

(x + y + 1)dx + (2x + 2y + 3)dy = 0
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Replace  with  and  with its expression in terms of . Since 
, . So, .

Substitute , , and  into the equation:

Expand the equation:

Separating Variables

Now, let's group the  terms together and the  terms:

Simplify the coefficient of :

Move the  term to the right side to separate variables:

Now, divide both sides by  to separate the variables  and :

Integrating the Separated Equation

Now we integrate both sides of the separated equation:

Let's evaluate the integral on the left side. We can rewrite the fraction  by using
polynomial long division or algebraic manipulation:

So, the integral becomes:

(x + y + 1) u (2x + 2y + 3) u x + y = u − 1

2x + 2y = 2(u − 1) = 2u − 2 2x + 2y + 3 = (2u − 2) + 3 = 2u + 1

u 2u + 1 dy = du − dx

(u)dx + (2u + 1)(du − dx) = 0

u dx + (2u + 1)du − (2u + 1)dx = 0

dx du

(u − (2u + 1))dx + (2u + 1)du = 0

dx

(u − 2u − 1)dx + (2u + 1)du = 0

(−u − 1)dx + (2u + 1)du = 0

dx

(2u + 1)du = (u + 1)dx

(u + 1) u x

​du =
u + 1
2u + 1

dx

​du =∫
u + 1
2u + 1

dx∫

​

u+1
2u+1

​ =
u + 1

2u + 1
​ =

u + 1
2(u + 1) − 2 + 1

​ =
u + 1

2(u + 1) − 1
2 −

u + 1
1
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Integrate term by term on the left side and integrate the right side:

where  is the constant of integration. The options use  instead of  and drop the
absolute value, which is a common simplification in multiple-choice questions unless
specified otherwise.

So, the solution is:

Comparing with Options

Let's compare our solution with the given options:

Option 1: 
Option 2: 
Option 3: 
Option 4: 

Our result, , matches Option 3.

Summary of Steps

To solve the differential equation  using the substitution 
:

1. Identify the structure suggesting the substitution.
2. Define the substitution .
3. Find , so .
4. Rewrite the equation terms in terms of :  and 

.
5. Substitute  and  into the original equation: .
6. Expand and rearrange to separate variables: .
7. Integrate both sides: .
8. Evaluate the integral: .
9. Compare the result with the given options.

2 − ​ du =∫ (
u + 1

1
) dx∫

2 du −∫ ​du =∫
u + 1

1
dx∫

2u − ln ∣u + 1∣ = x + C

C log ln

2u − log(u + 1) = x + C

u − log(u + 1) = x + c

2u + log(u − 1) = x + c

2u − log(u + 1) = x + c

u + log(u − 1) = x + c

2u − log(u + 1) = x + C

(x + y + 1)dx + (2x + 2y + 3)dy = 0 u =

x + y + 1

u = x + y + 1

du = dx + dy dy = du − dx

u (x + y + 1) = u (2x + 2y + 3) = 2(x + y) + 3 =

2(u − 1) + 3 = 2u + 1

u dy = du − dx u dx + (2u + 1)(du − dx) = 0

​du =
u+1
2u+1 dx

​du =∫
u+1
2u+1 dx∫

2u − log ∣u + 1∣ = x + C
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The solved equation is .

Step Action Result

1 Given Equation

2 Substitution

3 Differentials

4 Rewrite Terms , 

5 Substitute into ODE

6 Separate Variables

7 Integrate

8 Integrated Form

Revision Table: Differential Equation Concepts

Concept Description Relevance Here

First-Order
ODE

An equation involving an unknown
function and its first derivative.

The given equation is a first-order
ODE.

Substitution
Method

Replacing variables or expressions
with new ones to simplify the
equation.

Used  to transform the
equation.

Separable
Equations

An ODE that can be written in the
form .

After substitution, the equation
became separable in terms of 
and .

Integration
Finding the antiderivative; inverse
process of differentiation.

Required to solve the separated
differential equation.

Additional Information: Types of Substitutions in ODEs

Variable substitutions are a powerful technique for solving differential equations. Different
structures of ODEs suggest different types of substitutions:

2u − log(u + 1) = x + C

(x + y + 1)dx + (2x + 2y + 3)dy = 0

u = x + y + 1

dy = du − dx

x + y + 1 = u 2x + 2y + 3 = 2u + 1

u dx + (2u + 1)(du − dx) = 0

​du =
u+1
2u+1 dx

​du =∫ u+1
2u+1 dx∫

2u − log(u + 1) = x + C

u = x + y + 1

f(y)dy = g(x)dx
u

x
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Homogeneous Equations: Equations of the form . Substitution  (or )
is often used.
Equations Reducible to Homogeneous: Equations of the form . Depending
on whether  or not, different substitutions (like  or 

) are used.
Linear Equations: Equations of the form . An integrating factor is often
used, derived from a specific substitution.
Bernoulli's Equation: Equations of the form . Substitution 
transforms it into a linear equation.
The given equation:  can be written as 

. This form suggests a substitution based on , specifically  for
some constant . Using  as provided simplifies both the numerator and
denominator terms nicely, leading to a separable equation.

The specific substitution  worked because the expression  could be
neatly written in terms of . This highlights how recognizing patterns like  in the
coefficients can guide the choice of substitution.

46. Answer: c

Explanation:

Understanding Work and Time Problems

This problem involves the concept of work and time, where the efficiency of different workers
(men and children) is compared to determine the time taken to complete a job.

We are given that 8 children and 8 men together complete a job in 6 days. We are also told
that a child takes twice the time taken by a man to finish the same work. This means a man
is twice as efficient as a child.

Comparing Efficiency of Men and Children

The relationship between the time taken by a child and a man implies a difference in their
work rate or efficiency. If a child takes twice as long as a man to do the same amount of
work, then in the same amount of time, a man can do twice the work of a child.

Time taken by Child = 2  Time taken by Man
Work rate of Man = 2  Work rate of Child

​ =
dx
dy f ​(

x
y ) v = ​

x
y y = vx

​ =
dx
dy

​

a ​x+b ​y+c ​2 2 2

a ​x+b ​y+c ​1 1 1

a ​b ​ −1 2 a ​b ​ =2 1 0 x = X + h, y = Y + k v =

a ​x +1 b ​y1

​ +dx
dy P (x)y = Q(x)

​ +dx
dy P (x)y = Q(x)yn v = y1−n

(x + y + 1)dx + (2x + 2y + 3)dy = 0 ​ =dx
dy −

​
=2x+2y+3

x+y+1

− ​2(x+y)+3
(x+y)+1 x + y u = x + y + c′

c′ u = x + y + 1

u = x + y + 1 (2x + 2y + 3)

u ax + by

×

×
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This relationship is crucial. It means that the work done by 1 man is equivalent to the work
done by 2 children in the same amount of time.

We can use this to convert the work done by children into equivalent work done by men. The
group consists of 8 children and 8 men.

Work done by 8 children is equivalent to the work done by:

Number of equivalent men = 

Number of equivalent men =  = 4 men

So, the combined team of 8 children and 8 men is equivalent to a team of 4 men (from
children) + 8 men (original men) = 12 men.

Calculating Total Work Units (Man-Days)

The problem states that 8 children and 8 men (which is equivalent to 12 men) complete the
job in 6 days.

We can calculate the total amount of work required to complete the job. A common way to
measure work in such problems is in terms of 'man-days' (or 'worker-days').

Total Work = Equivalent number of men  Time taken

Total Work = 12 men  6 days = 72 man-days

So, the total work required to complete the job is 72 man-days.

Finding Time for 8 Men to Finish the Work

Now, we need to find out how many days it will take for 8 men to complete the same job,
which requires 72 man-days of work.

Time taken = 

Time taken by 8 men = 

Time taken by 8 men = 9 days

Therefore, 8 men will finish the same work in 9 days.

Step-by-Step Solution Summary

​Efficiency ratio (Man/Child)
Number of children

​2 (children’s work rate per man)
8 children

×

×

​Number of men
Total Work

​8 men
72 man-days
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Determine the efficiency relationship: 1 Man's work rate = 2 Children's work rate.
Convert the children's group to equivalent men: 8 children  4 men.
Calculate the total effective workforce in terms of men: 8 men + 4 equivalent men = 12
men.
Calculate the total work units (man-days): 12 men  6 days = 72 man-days.
Calculate the time for 8 men: Time = Total Work / Number of men = 72 man-days / 8
men = 9 days.

Revision Table: Key Concepts in Work and Time

Concept Explanation Formula/Relationship

Work
Rate

Amount of work done per unit of time.
Higher rate means more efficient.

Rate 

Efficiency
Similar to work rate. More efficient workers
complete work faster.

Efficiency 

Total
Work

The entire amount of work needed for the
job. Can be measured in 'worker-units' like
man-days.

Total Work = Rate  Time

Man-
Days

A unit of work equal to the work done by
one man in one day. Useful when dealing
with groups of workers.

Total Work in Man-Days = Number
of Men  Number of Days

Additional Information on Work and Time Calculations

Work and time problems often involve proportional reasoning. If the number of workers
increases, the time taken to complete the same job decreases (assuming constant
efficiency per worker). This is an inverse proportion.

If 12 men take 6 days, then 1 man would take 12  6 = 72 days (this is the total man-days of
work).

So, if 8 men are doing the work, they will take  days.

This confirms the result obtained through the conversion of children to equivalent men.

When solving work and time problems with different types of workers (like men, women,
children), the first step is always to establish the relationship between their efficiencies and

≡

×

∝ ​Time
1

∝ ​Time
1

×

×

×

​ =8 men
72 man-days 9
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convert everyone into equivalent units of a single type of worker. This simplifies the
calculation significantly.

47. Answer: a

Explanation:

Finding Eigenvalues of Matrix A

The question asks us to find the eigenvalues of the given matrix A:

Eigenvalues, denoted by , are scalar values that satisfy the equation , where  is a
non-zero eigenvector. To find the eigenvalues, we solve the characteristic equation given by

, where  is the identity matrix of the same size as A.

First, we construct the matrix :

Next, we calculate the determinant of  and set it equal to zero to form the
characteristic equation. We will use cofactor expansion along the first row:

Calculate the 2x2 determinants:

Substitute these values back into the determinant equation:

Expand and simplify the expression:

A = ​ ​ ​ ​ ​

⎣

⎡−2
2

−1

2
1

−2

−3
−6
0 ⎦

⎤

λ Av = λv v

det(A − λI) = 0 I

A − λI

A − λI = ​ ​ ​ ​ ​ −
⎣

⎡−2
2

−1

2
1

−2

−3
−6
0 ⎦

⎤
λ ​ ​ ​ ​ ​ =

⎣

⎡1
0
0

0
1
0

0
0
1⎦

⎤
​ ​ ​ ​ ​

⎣

⎡−2 − λ

2
−1

2
1 − λ

−2

−3
−6
−λ⎦

⎤

A − λI

det(A − λI) = (−2 − λ) det ​ ​ −[
1 − λ

−2
−6
−λ

] 2 det ​ ​ +[
2

−1
−6
−λ

] (−3) det ​ ​[
2

−1
1 − λ

−2
]

det ​ ​ =[
1 − λ

−2
−6
−λ] (1 − λ)(−λ) − (−6)(−2) = (−λ + λ ) −2 12 = λ −2 λ − 12

det ​ =[
2

−1
−6
−λ

] (2)(−λ) − (−6)(−1) = −2λ − 6

det ​ =[
2

−1
1 − λ

−2 ] (2)(−2) − (1 − λ)(−1) = −4 − (−1 + λ) = −4 + 1 − λ = −3 − λ

det(A − λI) = (−2 − λ)(λ −2 λ − 12) − 2(−2λ − 6) − 3(−3 − λ)
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Set the determinant to zero to get the characteristic equation:

Multiply by -1 to make the leading coefficient positive:

Now we need to find the roots of this cubic polynomial. We can try testing integer factors of
the constant term 45 (e.g., ).

Let's try :

Since  is a root,  is a factor of the polynomial. We can use polynomial division or
synthetic division to find the other factors.

Using synthetic division with -3:

1 1 -21 -45

-3 -3 6 45

1 -2 -15 0

The resulting quadratic is . Now we factor this quadratic:

So, the characteristic equation in factored form is:

The roots are found by setting each factor to zero:

 (This root has a multiplicity of 2)

= (−2λ +2 2λ + 24 − λ +3 λ +2 12λ) + (4λ + 12) + (9 + 3λ)

= −λ +3 (−2λ +2 λ ) +2 (2λ + 12λ + 4λ + 3λ) + (24 + 12 + 9)

= −λ −3 λ +2 21λ + 45

−λ −3 λ +2 21λ + 45 = 0

λ +3 λ −2 21λ − 45 = 0

±1, ±3, ±5, ±9, ±15, ±45

λ = −3

(−3) +3 (−3) −2 21(−3) − 45 = −27 + 9 + 63 − 45 = −18 + 18 = 0

λ = −3 (λ + 3)

λ −2 2λ − 15

λ −2 2λ − 15 = (λ − 5)(λ + 3)

(λ + 3)(λ − 5)(λ + 3) = 0

(λ + 3) (λ −2 5) = 0

λ + 3 = 0 ⟹ λ = −3
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Thus, the eigenvalues of the matrix A are -3, -3, and 5.

Comparing this result with the given options, the set of eigenvalues is -3, -3 and 5.

Revision Table: Key Concepts for Eigenvalues

Concept Description Calculation Method

Eigenvalue ( )
A scalar such that  for a non-
zero vector .

Solve  for .

Eigenvector ( )
A non-zero vector associated with an
eigenvalue , such that .

Solve the homogeneous
system  for .

Characteristic
Equation

The polynomial equation 
. Its roots are the eigenvalues.

Calculate the determinant of
.

Characteristic
Polynomial

The polynomial  in terms of
.

Result of calculating 
.

Additional Information on Matrix Eigenvalues

Eigenvalues and eigenvectors are fundamental concepts in linear algebra with applications
in various fields, including physics, engineering, economics, and computer science. Here are
some key points:

For an  matrix, there are  eigenvalues, counting multiplicities.
Eigenvalues can be real or complex numbers. In this case, for a real matrix, complex
eigenvalues always appear in conjugate pairs.
The set of all eigenvalues of a matrix is called its spectrum.
The product of the eigenvalues is equal to the determinant of the matrix: .
For matrix A, the eigenvalues are -3, -3, 5. Product = . Let's
calculate the determinant of A: 

. Wait, there is a discrepancy here.
Let's recheck the determinant calculation of A-lambda I. 

  .
Setting to 0 gives . The roots are -3, -3, 5. Let's calculate the

λ − 5 = 0 ⟹ λ = 5

λ
Av = λv

v
det(A − λI) = 0 λ

v
λ Av = λv (A − λI)v = 0 v

det(A −

λI) = 0 A − λI

det(A − λI)

λ

det(A −

λI)

n × n n

​λ ​ =∏i=1
n

i det(A)

(−3) × (−3) × 5 = 9 × 5 = 45

det(A) = −2(0 − (−12)) − 2(0 − (−6)) − 3(−4 − (−1)) =

−2(12) − 2(6) − 3(−3) = −24 − 12 + 9 = −36 + 9 = −27

(−2 − λ)(λ −2 λ − 12) − 2(−2λ −

6) − 3(−3 − λ) = (−2λ +2 2λ + 24 − λ +3 λ +2 12λ) + (4λ + 12) + (9 + 3λ) = −λ −3 λ +2 21λ + 45

λ +3 λ −2 21λ − 45 = 0

[ ] [ ]
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determinant of A again carefully: 

 

  
. The product of eigenvalues is . This matches the

determinant. The trace (sum of diagonal elements) of the matrix is equal to the sum of
the eigenvalues: . Sum of eigenvalues = 

. This also matches. The calculated eigenvalues are correct.
The sum of the eigenvalues is equal to the trace of the matrix (the sum of the diagonal
elements): .
Eigenvectors corresponding to distinct eigenvalues are linearly independent.
Eigenvalues play a crucial role in matrix diagonalization, solving systems of differential
equations, stability analysis, and principal component analysis (PCA).

48. Answer: b

Explanation:

Understanding the Handshake Problem

This question asks us to find the total number of handshakes that occur when 22 people
gather and everyone shakes hands with everyone else exactly once. A handshake is an
interaction between two people. When Person A shakes hands with Person B, it counts as one
handshake. This is the same handshake as Person B shaking hands with Person A. The order
in which the two people are chosen for a handshake does not matter.

Calculating the Total Number of Handshakes

Since the order of people in a handshake does not matter, this problem can be solved using
the concept of combinations from combinatorics. We need to choose a group of 2 people
out of the total of 22 people for each handshake.

The formula for combinations is given by:

Where:

 is the total number of items (people in this case).

det(A) = −2 det ​ ​ −[
1

−2
−6
0

] 2 det ​ ​ +[
2

−1
−6
0

]

(−3) det ​ ​[
2

−1
1

−2] det(A) = −2((1)(0) − (−6)(−2)) − 2((2)(0) − (−6)(−1)) − 3((2)(−2) − (1)(−1))

det(A) = −2(0 − 12) − 2(0 − 6) − 3(−4 − (−1)) det(A) = −2(−12) − 2(−6) − 3(−3) det(A) = 24 +

12 + 9 = 45 (−3) × (−3) × 5 = 45

Trace(A) = −2 + 1 + 0 = −1 −3 + (−3) + 5 = −6 +

5 = −1

​λ ​ =∑i=1
n

i Trace(A)

​ =(k
n) C(n, k) = ​k!(n−k)!

n!

n
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 is the number of items to choose for each group (2 people for a handshake).
 denotes the factorial (e.g., ).

In this problem, we have  people and we choose  people for each handshake. So,
we need to calculate .

Now, let's expand the factorials. Remember that  and 
. We can write  as .

We can cancel out the  term from the numerator and the denominator:

Now, perform the multiplication and division:

So, a total of 231 handshakes will take place among 22 people.

Step-by-Step Handshake Calculation

Here is a summary of the steps to calculate the number of handshakes:

1. Identify the total number of people, . (Here, ).
2. Recognize that a handshake involves 2 people, and the order doesn't matter. This

means it's a combination problem of choosing 2 people out of . (Here, ).
3. Use the combination formula: .
4. Substitute the values of  and  into the formula: .
5. Simplify the expression: .
6. Perform the final calculation: .

The total number of handshakes is 231.

Why Combinations? Not Permutations?

k

! 5! = 5 × 4 × 3 × 2 × 1

n = 22 k = 2

​( 2
22)

​ =( 2
22) ​2!(22−2)!

22!

​ =( 2
22) ​2!20!

22!

22! = 22 × 21 × 20 × ⋯ × 1 20! = 20 × 19 ×

⋯ × 1 22! 22 × 21 × 20!

​ =( 2
22) ​(2×1)×20!

22×21×20!

20!

​ =( 2
22) ​2×1

22×21

​ =( 2
22) ​2

462

​ =( 2
22) 231

n n = 22

n k = 2

​ =(k
n) ​

k!(n−k)!
n!

n k ​ =( 2
22) ​2!(22−2)!

22!

​ =2!20!
22!

​ =2×1×20!
22×21×20!

​2
22×21

​ =2
462 231
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It is important to understand why combinations are used here instead of permutations.
Permutations are used when the order of selection matters. For example, if we were selecting
a president and a vice-president from a group, the order would matter (Person A as
president and Person B as vice-president is different from Person B as president and Person A
as vice-president). However, in a handshake, the pair {Person A, Person B} is the same as the
pair {Person B, Person A}. Since the arrangement or order of the two people does not create a
distinct handshake, we use combinations.

Revision Table: Combinations vs. Permutations for
Handshakes

Feature
Combinations (Order Doesn't

Matter)
Permutations (Order Matters)

Definition
Selection of items where the order
of selection does not change the
group.

Arrangement of items where the
order of selection creates a distinct
result.

Handshake
Example

Used for calculating the number of
unique handshake pairs {A, B}.

Not used for calculating unique
handshakes, as A-B is same as B-A
handshake.

Formula Type

Additional Information on Combinatorics and Handshakes

Combinatorics is a branch of mathematics that deals with counting, arrangement, and
combination of objects. The handshake problem is a common example illustrating the use of
combinations.

Factorial (n!): This represents the product of all positive integers up to . It's
fundamental in calculating both permutations and combinations.
General Handshake Problem: If there are  people and everyone shakes hands with
everyone else exactly once, the total number of handshakes is always given by .
Related Problems: Similar problems involve counting connections between points (like
drawing lines between vertices of a polygon), selecting teams from a group, or
choosing lottery numbers.

​ =(k
n) ​

k!(n−k)!
n! P (n, k) = ​(n−k)!

n!

n

n

​(2
n)
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Understanding whether order matters is the key to deciding between using combinations or
permutations in counting problems.

49. Answer: a

Explanation:

Calculating Divergence of a Vector Field

The question asks us to find the divergence of the given vector field  at a specific point
. The vector field is given by:

Let the components of the vector field be , , and .

Understanding Divergence in Vector Calculus

The divergence of a vector field  is a scalar quantity that measures the
magnitude of the vector field's source or sink at a given point. It is defined using the
divergence operator  as:

Calculating the Partial Derivatives

Now, we need to compute the partial derivatives of each component with respect to the
corresponding variable:

Partial derivative of  with respect to :

Treating  and  as constants:

Partial derivative of  with respect to :

Treating  as a constant:

Partial derivative of  with respect to :

v

(2, −1, 1)

=v (xyz) +î (3x y) ​ +2 ĵ (xz −2 y z)2 k̂

v ​ =x xyz v ​ =y 3x y2 v ​ =z xz −2 y z2

=v v ​ +xî v ​ ​ +y ĵ v ​z k̂

∇⋅

∇ ⋅ =v ​ +∂x
∂v ​x

​ +∂y
∂v ​y

​∂z
∂v ​z

v ​x x

​(xyz)∂x
∂

y z

​ =∂x
∂v ​x yz

v ​y y

​(3x y)∂y
∂ 2

x

​ =∂y
∂v ​y 3x2

v ​z z

​(xz −∂z
∂ 2 y z)2
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Treating  and  as constants:

Finding the Divergence Expression

Adding these partial derivatives gives us the divergence of :

Evaluating Divergence at the Specific Point

We are asked to find the value of the divergence at the point . This means we need to
substitute , , and  into the divergence expression we just found.

Let's calculate each term:

Now, substitute these values back into the expression:

Thus, the value of the divergence of the vector field  at the point  is 14.

Revision Table: Key Concepts

x y

​ =∂z
∂v ​z x(2z) − y (1) =2 2xz − y2

v

∇ ⋅ =v ​ +∂x
∂v ​x

​ +∂y
∂v ​y

​ =∂z
∂v ​z yz + 3x +2 2xz − y2

(2, −1, 1)

x = 2 y = −1 z = 1

(∇ ⋅ ) at (2, −1, 1) =v (−1)(1) + 3(2) +2 2(2)(1) − (−1)2

(−1)(1) = −1

3(2) =2 3(4) = 12

2(2)(1) = 4

(−1) =2 1

(∇ ⋅ ) at (2, −1, 1) =v −1 + 12 + 4 − 1

= 11 + 4 − 1

= 15 − 1

= 14

v (2, −1, 1)
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Concept Description Formula

Vector Field A function that assigns a vector to each point in space.

Divergence
A scalar measure of the source/sink density of a vector
field at a point.

Partial
Derivative

The derivative of a multivariable function with respect to
one variable, keeping others constant.

e.g., 

Additional Information: Vector Calculus Operators

Vector calculus involves several important differential operators applied to scalar and vector
fields. Beyond divergence, two other fundamental operators are the gradient and the curl.

Gradient: The gradient of a scalar field  is a vector field that points in the
direction of the maximum rate of increase of . It is given by .
Curl: The curl of a vector field  is a vector field that measures the tendency of the field
to rotate about a point. It is given by . A

vector field with zero curl is called irrotational.

These operators are crucial in many areas of physics and engineering, including fluid
dynamics, electromagnetism, and heat transfer. Calculating the divergence, like we did in
this problem, helps understand the behavior of physical quantities represented by vector
fields.

50. Answer: a

Explanation:

Finding the Square Root of a Complex Number 5 + 12i

Let's find the square roots of the given complex number, which is 5 + 12i. A complex number
has two square roots.

Suppose the square root of 5 + 12i is a complex number of the form , where  and  are
real numbers.

Then, we have:

(x, y, z) =v v ​ +xî

v ​ ​ +y ĵ v ​z k̂

∇ ⋅ =v ​ +∂x
∂v ​x

​ +∂y
∂v ​y

​∂z
∂v ​z

​∂x
∂f

f(x, y, z)

f ∇f = ​ +∂x
∂f î ​ ​ +∂y

∂f ĵ ​∂z
∂f k̂

v

∇ × =v ​ − ​ +( ∂y
∂v ​z

∂z
∂v ​y ) î ​ − ​ ​ +( ∂z

∂v ​x

∂x
∂v ​z ) ĵ ​ − ​( ∂x

∂v ​y

∂y
∂v ​x) k̂

x + yi x y
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Expanding the left side, we get:

Since , this simplifies to:

For two complex numbers to be equal, their real parts must be equal, and their imaginary
parts must be equal. This gives us a system of two equations:

1. Real parts: 
2. Imaginary parts: 

From the second equation, we can simplify  to .

We also know that the magnitude of the square of a complex number is the square of its
magnitude. So, .

The magnitude of  is , so .

The magnitude of  is .

Thus, we have another equation:

3. Magnitude: 

Now we have a system of two equations involving  and :

 (Equation 1)
 (Equation 3)

We can solve this system by adding the two equations:

(x + yi) =2 5 + 12i

x +2 2xyi + (yi) =2 5 + 12i

x +2 2xyi + y i =2 2 5 + 12i

i =2 −1

x −2 y +2 2xyi = 5 + 12i

x −2 y =2 5

2xy = 12

2xy = 12 xy = 6

∣(x + yi) ∣ =2 ∣5 + 12i∣

x + yi ​x + y2 2 ∣x + yi∣ =2 ( ​) =x + y2 2 2 x +2 y2

5 + 12i ​ =5 + 122 2
​ =25 + 144 ​ =169 13

x +2 y =2 13

x2 y2

x −2 y =2 5

x +2 y =2 13

(x −2 y ) +2 (x +2 y ) =2 5 + 13

2x =2 18

x =2
​2

18

x =2 9

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Taking the square root, we get , so .

Now substitute the value of  into Equation 3 to find :

Taking the square root, we get , so .

We have two possible values for  (  and ) and two possible values for  (  and ). We
need to use the condition  (from Equation 2) to determine the correct pairs of  and .

If , then . The pair is , which corresponds to the
complex number .
If , then . The pair is , which corresponds to
the complex number .

These are the two square roots of 5 + 12i:  and .

Let's verify these roots by squaring them:

Both results match the original complex number 5 + 12i.

The calculated square roots are  and .

Let's look at the given options:

1. 3 - 2i, 3 + 2i
2. 2 - 3i, -2 - 3i
3. 3 + 2i, -3 – 2i
4. 2 + 3i, 2 - 3i

The text provided as the correct answer is "3 - 2i, 3 + 2i", which corresponds to Option 1.

Revision Table: Complex Number Square Roots

x = ± ​9 x = ±3

x2 y2

9 + y =2 13

y =2 13 − 9

y =2 4

y = ± ​4 y = ±2

x 3 −3 y 2 −2

xy = 6 x y

x = 3 3y = 6 ⟹ y = ​ ⟹3
6 y = 2 (3, 2)

3 + 2i

x = −3 −3y = 6 ⟹ y = ⟹−3
6 y = −2 (−3, −2)

−3 − 2i

3 + 2i −3 − 2i

(3 + 2i) =2 3 +2 2(3)(2i) + (2i) =2 9 + 12i + 4i =2 9 + 12i − 4 = 5 + 12i

(−3 − 2i) =2 (−3) +2 2(−3)(−2i) + (−2i) =2 9 + 12i + 4i =2 9 + 12i − 4 = 5 + 12i

3 + 2i −3 − 2i
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Concept Description

Complex Number
A number of the form , where  and  are real numbers and 
is the imaginary unit ( ).

Square Root of 
A complex number  such that . Every non-zero complex
number has exactly two square roots.

Magnitude of .

Equating Complex
Numbers

 if and only if  and .

Additional Information on Finding Complex Square Roots

The algebraic method used above is a common way to find the square roots of a complex
number . It involves setting  and solving the resulting system of
equations:

You can solve for  and  using the first and third equations, and then use the second
equation to find the correct pairs of  and .

Another method involves using the polar form of a complex number. If ,
then its square roots are given by:

 for .

For , we found . The argument  would be  in the first
quadrant. Using the polar form method would also yield the two square roots, but often
requires trigonometric functions for the specific angle.

The algebraic method is straightforward when  and  are integers, as it leads to a system of
equations that can be solved easily for  and .

51. Answer: c

a + bi a b i

i =2 −1

z
w w =2 z

a + bi ∣a + bi∣ = ​a + b2 2

a + bi = c + di a = c b = d

a + bi (x + yi) =2 a + bi

x −2 y =2 a

2xy = b

x +2 y =2
​a + b2 2

x2 y2

x y

z = r(cos θ + i sin θ)

​ =z ± ​ cos ​ + i sin ​r ( ( 2
θ+2kπ ) ( 2

θ+2kπ )) k = 0, 1

z = 5 + 12i r = ∣5 + 12i∣ = 13 θ arctan ​( 5
12 )

a b

x2 y2
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Explanation:

Understanding Moral Statements: Emotivism Explored

The question asks us to identify a philosophical viewpoint regarding the nature and function
of moral statements. It describes a view where moral claims are primarily seen as
expressions of personal feelings or attempts to influence others' behaviour, rather than
assertions supported by rational moral arguments.

The Philosophical View Described

The core characteristics of the view in question are:

Moral statements act as expressions of the speaker's emotions or attitudes. For example,
saying "Lying is bad" is akin to expressing disapproval or dislike towards lying.
Moral statements are used to persuade or influence the actions and attitudes of others.
Saying "You ought not to lie" is an attempt to discourage lying.
Moral statements lack objective truth value; they cannot be proven or disproven based
on valid moral reasons or facts about the world.

This description aligns with a specific meta-ethical theory that denies that moral judgments
are cognitive, meaning they do not express beliefs that can be true or false.

Analyzing the Options

Let's examine the given options to find the term that matches this description:

Nihilism: Moral nihilism claims that morality does not exist at all. There are no moral facts,
values, or obligations. While it shares the idea that moral statements aren't objectively
true, it doesn't specifically characterize them as expressive or prescriptive in the way the
question does.
Compatibilism: Compatibilism is a position in the free will debate. It holds that free will
and determinism are compatible ideas. This concept is unrelated to the nature of moral
statements themselves.
Emotivism: Emotivism is a meta-ethical theory that posits that ethical sentences
primarily express emotions and are aimed at influencing the hearer's attitude or
behavior. According to emotivism, uttering a moral statement like "Kindness is good" is
equivalent to expressing positive feelings towards kindness ("Hooray for kindness!") and
encouraging others to be kind ("Be kind!"). This definition perfectly fits the description
provided in the question.
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Eudaimonia: Eudaimonia is a central concept in Aristotelian ethics, often translated as
"human flourishing" or "living well." It describes the ultimate goal of human life but is not a
theory about the linguistic or logical status of moral statements.

Conclusion: Identifying Emotivism

The philosophical stance that describes moral statements as mere expressions of emotion
used to influence behaviour, without being supportable by valid moral reasons, is known as
Emotivism. It is a prominent non-cognitivist theory in meta-ethics.

Revision Table: Key Philosophical Terms

Term Core Idea Relevance to Question

Emotivism
Moral statements express
emotions & influence; not factual.

Matches the question's description
directly.

Nihilism No moral facts or values exist.
Shares the idea of no objective moral
truth but has a different focus.

Compatibilism
Free will & determinism
compatible.

Unrelated to moral statement nature.

Eudaimonia Human flourishing or living well. Unrelated to moral statement nature.

Additional Information: Emotivism in Meta-Ethics

Emotivism is classified under Non-Cognitivism in meta-ethics. Non-cognitivist theories
generally argue that moral judgments do not express beliefs that can be true or false in the
same way factual statements can. Instead, they express non-belief states such as emotions,
attitudes, or commands.

A prominent proponent of Emotivism was A.J. Ayer, who argued that moral language is
meaningless in terms of factual content but serves a purpose in expressing feelings and
prescribing actions.

This contrasts with Cognitivism, which holds that moral statements do express beliefs and are
capable of being true or false, even if there is disagreement on how their truth is determined
(e.g., Moral Realism, Ethical Subjectivism).
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52. Answer: c

Explanation:

Understanding Alignment in Engineering, Business, and Ethics

The question asks what kind of alignment is crucial for engineering and corporations to bring
together good engineering practices, sound business principles, and strong ethical
standards. Let's explore the options provided to see which one best describes this essential
alignment.

Analyzing the Options for Engineering and Business Alignment

We need to consider how each type of alignment relates to the goal of achieving good
engineering, good business, and good ethics simultaneously.

Socially aligned: Being socially aligned means considering the impact on society. While
important for ethical business and engineering, it primarily focuses on external effects
rather than the internal principles guiding decisions.
Spiritually aligned: Spiritual alignment relates to beliefs about purpose and meaning.
While personal spirituality can influence individual ethics, it is not the primary basis for
ensuring ethical standards across a corporation or the engineering profession as a
whole, which requires a more universally applicable framework.
Morally aligned: Moral alignment refers to aligning actions and decisions with principles
of right and wrong, fairness, responsibility, and virtue. This directly addresses the core of
ethics and provides a foundation for making responsible business decisions and
practicing engineering ethically.
Conscientiously aligned: Being conscientious means being thorough, careful, and
diligent. This is vital for good engineering and good business practice, ensuring quality
and reliability. However, conscience is often guided by moral principles, making "morally
aligned" a broader term that encompasses the ethical dimension more directly.

Why Moral Alignment is Essential

For good engineering, good business, and good ethics to converge, the fundamental
principles guiding actions must be rooted in what is considered morally right. Ethical
decision-making in engineering involves considering safety, public welfare, and honesty.
Ethical business involves fair practices, transparency, and responsibility towards
stakeholders. Moral alignment provides the framework for integrating these aspects.
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When engineering and corporations are morally aligned, their operational procedures,
decision-making processes, and professional conduct are guided by a shared
understanding of ethical duties and values. This ensures that the pursuit of good engineering
outcomes (e.g., safe and reliable products) and good business results (e.g., profitability and
sustainability) does not come at the expense of ethical responsibilities.

Therefore, moral alignment is the cornerstone that enables the successful integration of
good engineering, good business, and good ethics.

Revision Table: Key Concepts

Concept
Relevance to Engineering,

Business, Ethics
Why it's Key for Confluence

Good
Engineering

Competence, safety, reliability,
innovation

Provides the technical foundation

Good Business
Profitability, sustainability,
efficiency, stakeholder value

Provides the economic framework

Good Ethics
Fairness, honesty, responsibility,
public welfare

Provides the moral guidance

Moral
Alignment

Principles of right & wrong
Ensures engineering and business
practices uphold ethical standards

Additional Information: Integrating Ethics in Practice

Integrating ethics into engineering and business is not just about avoiding wrongdoing; it's
about actively promoting responsible practices. This involves:

Establishing clear ethical codes and standards within companies and professional
bodies.
Providing ethics training for engineers and business professionals.
Creating cultures that encourage ethical behavior and allow individuals to raise ethical
concerns.
Implementing robust decision-making processes that incorporate ethical analysis
alongside technical and financial considerations.
Considering the broader impact of engineering projects and business operations on
society and the environment.
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Moral alignment provides the necessary foundation for these practical steps, ensuring that
ethical considerations are central to the pursuit of both engineering excellence and business
success.

53. Answer: b

Explanation:

Understanding the Teinological Approach in Ethics

The question asks about the definition of the "Teinological Approach". While "Teinological" is
not a standard philosophical term, analyzing the provided options, especially the one
indicated as correct, suggests it refers to an ethical approach where determining what is
'good' depends heavily on understanding the specific situation or context.

Analyzing the Options for Teinological Approach

Let's examine each option to understand which one best describes an approach based on
context:

Option 1: Developing an individual person-nel characteristics

This option describes something related to personal development or potentially virtue
ethics, which focuses on character traits. It does not define an approach for determining
the rightness of an action or knowing what is good based on context.

Option 2: We can know what is good only when we have fully understood the context

This statement directly links the understanding of 'good' to the specific situation or
context. This aligns with a contextualist perspective in ethics, where moral judgments
are not universal but depend on the particular circumstances. Given the unusual term
"Teinological", this definition, emphasizing context, seems to be the intended meaning
behind this approach as presented in the options.

Option 3: Judging whether an action is right, fair and honest

This describes the general process of making ethical judgments, often associated with
concepts like deontology (focus on duty/rules, rightness), or virtue ethics (focus on
fairness and honesty as virtues). It doesn't specifically highlight the role of context in
determining what is 'good'.
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Option 4: Placing posters about ethics throughout the organization

This is an example of implementing ethical awareness or training within an organization.
It is a practical step in ethics management but does not define a philosophical
approach to determining what is good or right.

Based on the provided options, the most fitting description for the "Teinological Approach,"
linking the determination of 'good' to understanding the 'context,' is given in Option 2.

Conclusion on Teinological Approach

The approach described as 'Teinological' in this context emphasizes that moral
understanding and the determination of what is 'good' are not absolute but are contingent
upon a thorough understanding of the specific situation and its factors. This stands in
contrast to approaches that rely solely on universal rules or character traits without
considering the nuances of the situation.

Revision Table: Comparing Ethical Concepts

Concept/Approach Primary Focus
How 'Good' is Determined (Based on

the question/related ideas)

Teinological Approach (as
described)

Context and
situation

By fully understanding the specific
context.

Deontology (related concept)
Duty, rules,
obligations

By adhering to moral rules or duties,
regardless of consequences.

Teleology/Consequentialism
(related concept)

Outcomes,
consequences

By the overall good or bad produced
by an action (outcomes are often
context-dependent).

Virtue Ethics (related concept)
Character,
virtues

By acting as a virtuous person would
in the situation.

Additional Information on Contextual Ethics

The idea presented in the 'Teinological Approach' aligns closely with ethical contextualism or
situation ethics. These perspectives argue that the morality of an action cannot be judged in
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isolation but must be evaluated within the specific context in which it occurs. Key aspects
include:

Relativity: Moral principles or actions may not be universally right or wrong but depend
on the situation.
Judgment: Requires careful judgment and understanding of all relevant factors in a
particular scenario.
Flexibility: Allows for flexibility in applying moral principles based on the unique
circumstances.

While the term "Teinological" is unusual, the concept of determining 'good' based on 'context'
is a recognizable idea within ethical discussions, contrasting with more rigid rule-based or
universalist approaches.

54. Answer: a

Explanation:

Understanding Different Types of Values in Psychology

Values are fundamental beliefs that guide our actions and judgments across various
situations. They represent what is important to us and what we strive for in life. Psychologists
often categorize values to understand human motivation and behaviour better. One popular
classification is based on the Rokeach Value Survey, which divides values into two main
types: terminal values and instrumental values.

What are Terminal Values?

Terminal values are desirable end-states of existence; the goals a person would like to
achieve during their lifetime. They are personal and social goals that people aim to reach.
Think of them as the destinations you want to arrive at.

Examples of terminal values include:

A comfortable life (a prosperous life)
An exciting life (a stimulating, active life)
A sense of accomplishment (lasting contribution)
A world at peace (free of war and conflict)
A world of beauty (beauty of nature and the arts)
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Equality (brotherhood, equal opportunity for all)
Family security (taking care of loved ones)
Freedom (independence, free choice)
Happiness (contentedness)
Inner harmony (freedom from inner conflict)
Mature love (sexual and spiritual intimacy)
National security (protection from attack)
Pleasure (an enjoyable, leisurely life)
Salvation (saved, eternal life)
Self-respect (self-esteem)
Social recognition (respect, admiration)
True friendship (close companionship)
Wisdom (a mature understanding of life)

Looking at the list provided in the question – self-respect, family happiness, comfortable life,
professional growth and recognition – these clearly represent end goals or states of being
that individuals desire. Professional growth can lead to a sense of accomplishment or higher
self-respect, while recognition aligns with social recognition. Family happiness relates
directly to family security.

What are Instrumental Values?

In contrast, instrumental values are preferable modes of behaviour or means for achieving
terminal values. They are the ways we choose to behave to reach our goals.

Examples of instrumental values include:

Ambitious (hardworking, aspiring)
Broadminded (open-minded)
Capable (competent, effective)
Cheerful (lighthearted, joyful)
Clean (neat, tidy)
Courageous (standing up for your beliefs)
Forgiving (willing to pardon others)
Helpful (working for the welfare of others)
Honest (sincere, truthful)
Imaginative (daring, creative)
Independent (self-reliant, self-sufficient)
Intellectual (intelligent, reflective)
Logical (consistent, rational)
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Loving (affectionate, tender)
Obedient (dutiful, respectful)
Polite (courteous, well-mannered)
Responsible (dependable, reliable)
Self-controlled (restrained, self-disciplined)

The values listed in the question are not behaviours or modes of conduct; they are the
desired outcomes or states.

Comparing Terminal and Instrumental Values

Here's a quick comparison:

Feature Terminal Values Instrumental Values

Type End-states of existence, goals Modes of behaviour, means to ends

Focus What you want to achieve How you behave to achieve it

Examples
Happiness, Security, Recognition,
Comfortable Life

Honest, Ambitious, Responsible,
Independent

Why Not Other Options?

Mainstream values: While the listed values might be popular or common in many
societies (mainstream), this term describes their prevalence, not their nature as goals
or behaviours.
Human values: This is a very broad category that includes both terminal and
instrumental values, as well as many others (like ethical, moral, aesthetic values). The
question asks for a specific classification that fits the nature of the listed items as
desired ends.

Based on the definitions and examples, self-respect, family happiness, comfortable life,
professional growth, and recognition fit perfectly under the definition of terminal values, as
they represent desired end goals.

Revision Table: Key Concepts in Values
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Term Definition Examples Relevant to Question

Value
A fundamental belief that
guides actions and
judgments.

The underlying concept for all items listed.

Terminal Value
Desirable end-states of
existence; goals.

Self-respect, family happiness,
comfortable life, professional growth,
recognition.

Instrumental
Value

Preferable modes of
behaviour; means to ends.

Honesty, responsibility, ambition (these
are how you might achieve the terminal
values).

Mainstream
Value

Values widely accepted by
the majority in a society.

Describes prevalence, not the nature of
the value type.

Human Value
Broad term for values
considered important for
humans.

A broad category including both terminal
and instrumental values.

Additional Information on Personal Values

Understanding your personal values, both terminal and instrumental, can be very insightful.
Values influence our choices, career paths, relationships, and overall satisfaction with life.
Conflicts often arise when there is a mismatch between our values and our environment
(e.g., a job that doesn't align with our core values).

The Rokeach Value Survey is a well-known tool for identifying and ranking individual values.
While it's one framework, it provides a clear way to distinguish between the goals we seek
(terminal values) and the ways we behave (instrumental values).

Values are not static; they can change over time due to life experiences, age, and personal
growth. Reflecting on your values periodically can help you stay aligned with what is truly
important to you.

55. Answer: d

Explanation:
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Understanding Civic Sense and Public Habits

The question describes a person avoiding certain habits like yawning, sneezing, snoring,
spitting, and relaxing the body by bending backwards when in a gathering. These actions
can be considered disruptive or impolite in public spaces or social settings. The question
asks what quality a person who is aware of and avoids these habits possesses.

Analyzing the Options

Ethics: Ethics generally refer to moral principles that govern a person's behavior or the
conducting of an activity. While related to behavior, ethics often deal with deeper moral
dilemmas or professional conduct rather than everyday social etiquette like controlling
a yawn.
Values: Values are a person's principles or standards of behavior; one's judgment of
what is important in life. While personal values might influence how one behaves in
public, the term "values" itself doesn't specifically describe adherence to community
norms regarding public conduct.
Integrity: Integrity is the quality of being honest and having strong moral principles;
moral uprightness. This relates to trustworthiness and consistency between one's
actions and values, but not directly to avoiding impolite habits in public.
Civic sense: Civic sense refers to the understanding and respect for the rules, norms,
and behaviors expected of individuals in a community or public setting. It involves being
considerate of others and maintaining public order and cleanliness. Avoiding habits
that might disturb or offend others in a gathering is a direct manifestation of good civic
sense.

Why Civic Sense is the Correct Answer

The habits listed in the question (yawning, sneezing, snoring, spitting, bending backwards)
are often considered inappropriate or undesirable when in the presence of others in a public
or social setting. Being conscious of these habits and making an effort to avoid or minimize
their impact on others (e.g., covering your mouth when yawning or sneezing) is a clear
indicator of being considerate towards the community or gathering.

This consideration for the comfort and sensibilities of others in shared spaces is the essence
of civic sense. A person with good civic sense understands that their actions affect those
around them and strives to behave in a manner that contributes positively to the shared
environment.

Habits Mentioned:
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Yawning (especially loudly or uncovered)
Sneezing (especially loudly or uncovered)
Relaxing the body by bending backwards (can be seen as too casual or impolite in a
formal setting)
Snoring (indicates sleeping, inappropriate in most gatherings)
Spitting (considered highly unsanitary and impolite in public)

Avoiding these acts in front of others in a gathering demonstrates respect for the social
norms and the comfort of others, which is precisely what civic sense entails.

Therefore, a person who is conscious of avoiding such habits in front of others in a gathering
is said to have civic sense.

Revision Table: Key Concepts

Concept Description Relevance to Question

Civic
Sense

Awareness of and adherence to
community norms for public behavior.

Directly relates to avoiding impolite
habits in public.

Ethics Moral principles guiding behavior.
Broader concept, not specific to
public habits.

Values
Personal beliefs about what is
important.

Influences behavior, but not the term
for adhering to public norms.

Integrity Honesty and strong moral principles.
Related to character, not specific
public conduct norms.

Additional Information: Civic Sense and Social Etiquette

Civic sense is closely related to social etiquette and good manners. While etiquette often
covers specific rules of polite behavior in various social situations (like dining etiquette or
greeting customs), civic sense focuses on the behavior that contributes to the well-being
and orderliness of public spaces and communities. It's about being a responsible member of
society.

Examples of good civic sense include:

Not littering in public places.
Respecting public property.
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Queuing up in lines and waiting for your turn.
Keeping noise levels down in public areas.
Being considerate of others' personal space.
Disposing of waste properly.
Following traffic rules.

The habits mentioned in the question fall under the umbrella of public conduct that affects
others, making consciousness about them a matter of civic sense.

56. Answer: b

Explanation:

Understanding Ethical Theories: Balancing Consequences

The question asks about an ethical theory that focuses on balancing the good and bad
consequences of an action, considering how these consequences affect everyone involved.
This description points directly to a major school of thought in ethics known as
consequentialism, where the morality of an action is determined by its outcome or
consequences. One of the most prominent forms of consequentialism is utilitarianism.

What is Utilitarianism?

Utilitarianism is an ethical theory that holds that the best action is the one that maximizes
utility. "Utility" is often defined in terms of well-being, happiness, or pleasure, and minimizing
suffering or unhappiness. In simpler terms, utilitarians believe that the morally right action is
the one that produces the greatest amount of good for the greatest number of people
affected by the action.

Key aspects of utilitarianism:

Focus on Consequences: The morality of an action is judged solely based on its results
or outcomes.
Maximizing Overall Good: The goal is to produce the greatest net good (good
consequences minus bad consequences).
Impartiality: Everyone's well-being or happiness counts equally when calculating the
overall consequences. You consider the consequences for everyone affected.
Balance of Good and Bad: It involves weighing the positive and negative outcomes of
an action to determine which choice yields the most favorable balance.
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Therefore, an ethical theory that emphasizes balancing the good and bad consequences for
everyone affected is precisely what utilitarianism is about.

Exploring Other Ethical Theories

Let's briefly look at why the other options do not fit the description provided in the question.

Virtue Ethics: This theory focuses on the character of the moral agent rather than rules
or consequences. It asks "What kind of person should I be?" and emphasizes developing
good character traits (virtues) like honesty, courage, and justice. While virtues often
lead to good outcomes, the primary focus is on character, not the calculation of
consequences.
Duty Ethics (Deontology): Deontology comes from the Greek word "deon" meaning duty.
This theory asserts that the morality of an action is based on whether it adheres to
certain rules or duties, regardless of the consequences. Actions are considered right or
wrong in themselves, based on underlying moral principles or duties (like the duty not to
lie or steal). Consequences are not the primary factor in determining moral rightness.
Right Ethics: This term often refers to theories centered on moral rights – claims that
individuals have that others are obliged to respect (e.g., the right to life, liberty,
property). Rights theories focus on upholding individual entitlements and freedoms,
often acting as constraints on actions, even if violating a right might lead to slightly
better consequences overall. Like deontology, it prioritizes adherence to rights over the
calculation of consequences.

Conclusion

Based on the analysis of the core principles of these ethical theories, utilitarianism is the one
that directly involves balancing the good and bad consequences of an action, taking into
account the impact on everyone affected, to determine the morally right course of action.

Ethical Theories Revision Table
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Theory Primary Focus Key Question Relationship to Consequences

Utilitarianism
Consequences /
Outcomes

What action produces
the greatest good for
the greatest number?

Central to determining
morality; balance good vs.
bad consequences for all
affected.

Virtue Ethics
Character /
Virtues

What kind of person
should I be?

Less central; focuses on
cultivating good character
traits, which typically lead to
good actions.

Duty Ethics
(Deontology)

Rules / Duties
What are my moral
duties and
obligations?

Not central; morality is based
on adherence to rules/duties,
regardless of outcome.

Right Ethics
Moral Rights /
Entitlements

What rights do
individuals have that
must be respected?

Constraints on action; focus
on upholding rights even if
consequences aren't
optimized.

Additional Information on Ethical Frameworks

Understanding these fundamental ethical theories helps in analyzing and evaluating moral
dilemmas from different perspectives. Most real-world ethical decision-making can involve
elements from more than one theory. For instance, while a utilitarian might focus on
consequences, they might also consider widely accepted duties or virtues because following
rules or having good character often leads to better outcomes in the long run.

Consequentialism is a broader category, and utilitarianism is a specific type of
consequentialist theory. Other consequentialist theories might define "good consequences"
differently (e.g., maximizing freedom, maximizing equality) or apply the principle in different
ways (e.g., rule consequentialism vs. act consequentialism).

57. Answer: c

Explanation:
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Understanding Ethics and Moral Standards

Ethics is a branch of philosophy that involves systematizing, defending, and recommending
concepts of right and wrong conduct. It explores moral principles and values that govern
human behavior.

Branches of Ethics: Setting Moral Standards

Ethics is often divided into different branches, each focusing on a specific aspect of moral
inquiry. Let's look at the branches mentioned in the options:

Metaethics: This branch investigates the nature of moral judgment. It asks questions
about the meaning of ethical terms like 'good', 'bad', 'right', and 'wrong'. It doesn't tell us
what specific actions are right or wrong, but rather studies the language and
foundations of ethics itself. Think of it as studying the tools of ethics, not using them to
build a moral code.
Normative ethics: This branch is concerned with establishing criteria or norms for what
actions are morally right or wrong. It aims to set out principles or rules that guide human
conduct and help determine what we ought to do. Examples include theories like
utilitarianism, deontology, and virtue ethics, which propose different ways to decide
what is moral. This branch directly deals with setting moral standards.
Applied ethics: This branch takes the principles developed in normative ethics and
applies them to specific, practical issues and fields. Examples include bioethics
(medical ethics), business ethics, environmental ethics, and legal ethics. It deals with
moral dilemmas in particular situations. While it guides conduct, it does so by applying
existing principles, not by primarily creating the general standards themselves.
Legal ethics: As mentioned under applied ethics, this is a specific area focusing on the
ethical rules and standards that govern the professional conduct of lawyers, judges, and
other legal professionals. It's a subset of applied ethics.

Identifying the Ethics that Guides Conduct and Sets Standards

The question asks for the type of ethics that guides human conduct and sets out certain
moral standards. Based on the descriptions above:

Metaethics examines the nature of moral terms, not setting standards for conduct.
Applied ethics applies existing standards to specific situations, rather than primarily
setting the general standards.
Legal ethics is a specific application of ethical principles to the legal profession.
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Normative ethics is precisely the branch that aims to establish the principles, norms,
and standards that guide human conduct and determine what is morally right or wrong
in general.

Therefore, the ethics that guides human conduct and sets out certain moral standards is
Normative ethics.

Revision Table: Key Branches of Ethics

Branch of
Ethics

Primary Focus
Relationship to Moral Standards &

Conduct

Metaethics
Nature of moral terms,
judgments, and reasoning

Studies the foundations; does not set
standards for conduct

Normative
ethics

Establishing criteria for
right/wrong actions

Directly sets general moral standards
and principles to guide conduct

Applied
ethics

Applying ethical principles to
specific issues/fields

Guides conduct by applying existing
standards to particular situations

Legal ethics
Ethical standards for legal
professionals

A specific area of applied ethics guiding
conduct within the legal field

Additional Information on Ethical Principles

Within normative ethics, there are several major approaches to determining what makes an
action right or wrong. Some prominent examples include:

Deontology: Focuses on duties or rules. An action is right if it follows a moral rule or duty,
regardless of the outcome. (e.g., Immanuel Kant's ethics).
Utilitarianism: Focuses on consequences. An action is right if it produces the greatest
amount of good for the greatest number of people. (e.g., Jeremy Bentham, John Stuart
Mill).
Virtue Ethics: Focuses on character. An action is right if it is what a virtuous person would
do in the circumstances. It emphasizes developing good character traits (virtues) rather
than following strict rules or calculating consequences. (e.g., Aristotle).

These theories within normative ethics provide different frameworks for setting the moral
standards that guide human conduct.
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58. Answer: b

Explanation:

Understanding Environmental Impact Assessment
Methodologies

Environmental Impact Assessment (EIA) is a process used to predict the environmental
consequences (positive or negative) of a plan, policy, program, or project prior to the
decision to move forward with the proposed action. Various methodologies are employed
within EIA to systematically evaluate potential impacts. The question asks about two specific
concepts: Explicit indicator methodology and Magnitude methodology.

Analysis of Statement (I): Explicit Indicator Methodology

Statement (I) says: Explicit indicator is the methodology that should suggest specific and
measurable indicators to be used to qualify impacts on the relevant environmental
parameters.

This statement accurately describes the role of explicit indicators in EIA. Explicit indicators are
specific, observable, and measurable parameters that are used to quantify or qualify the
state of an environmental component or the magnitude of an environmental impact.
Examples include:

Concentration of a specific pollutant in water or air.
Population size of a particular species.
Area of habitat lost or gained.
Noise levels in decibels.

Using explicit indicators allows for objective measurement and comparison of impacts,
moving beyond subjective descriptions. Therefore, Statement (I) is true.

Analysis of Statement (II): Magnitude Methodology

Statement (II) says: Magnitude methodology is the that should provide for the measurement
of impact magnitude.

This statement defines Magnitude methodology in terms of measuring impact magnitude.
Magnitude is a key characteristic used in EIA to describe the size, scale, or intensity of an

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


environmental impact. A methodology focused on magnitude would indeed involve tools
and techniques to quantify how large or significant an effect is. Impacts can be described as
minor, moderate, or major in terms of magnitude. Therefore, Statement (II) is also true.

Evaluating the Relationship Between Statements (I) and (II)

Both statements describe valid concepts within the realm of environmental impact
assessment methodologies. Statement (I) discusses the use of specific, measurable
indicators to qualify impacts. Statement (II) discusses the methodology for measuring the
magnitude (size or scale) of an impact.

While explicit indicators (Statement I) are often used as tools to measure characteristics like
magnitude (Statement II), Statement (II) does not explain *why* or *how* explicit indicators
are chosen or used. Magnitude is just one characteristic of an impact (alongside duration,
spatial extent, likelihood, etc.) that can be assessed, often *using* indicators.

Therefore, Statement (II) describes a methodology for measuring magnitude, which is
different from explaining the methodology of using explicit indicators themselves. Statement
(II) is a separate concept about *what* is being measured (magnitude), not *how*
indicators are selected or applied as described in Statement (I).

Based on this analysis:

Statement (I) is individually true.
Statement (II) is individually true.
Statement (II) is not the correct explanation of Statement (I).

Conclusion on Environmental Impact Statements

Both statements accurately describe aspects of environmental impact assessment
methodologies. Statement (I) focuses on the tool (explicit indicators), and Statement (II)
focuses on a characteristic being measured (magnitude). They are related concepts in EIA
but one does not explain the other.

Revision Table: Key Concepts in Environmental Impact
Assessment
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Concept Description

Explicit Indicators
Specific, measurable parameters used to quantify or qualify
environmental state or impact.

Magnitude of
Impact

The size, scale, or intensity of an environmental effect.

EIA Methodology
Systematic approach or set of techniques used to predict and
evaluate environmental impacts.

Additional Information on Environmental Impact Assessment
Methodologies

Beyond using indicators and assessing magnitude, EIA methodologies consider various other
factors and techniques:

Impact Characteristics: Besides magnitude, impacts are also characterized by their
duration (short-term vs. long-term), spatial extent (local vs. regional), likelihood
(probability of occurrence), reversibility (reversible vs. irreversible), and significance
(importance based on regulatory context or public concern).
Types of Methodologies: EIA employs various methods, including checklists, matrices,
networks, overlay mapping, and simulation modeling, depending on the complexity and
nature of the project and environment.
Purpose of Methodologies: The primary goal of EIA methodologies is to systematically
identify, predict, evaluate, and communicate potential environmental impacts to inform
decision-making and promote sustainable development.

Understanding these different aspects helps in conducting a comprehensive and effective
environmental impact assessment.

59. Answer: a

Explanation:

Analysing Economic Growth Statements: Capital, Investment,
and Technology
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This question asks us to evaluate two statements related to economic growth, capital
formation, and technology, and determine the relationship between them.

Let's break down each statement.

Statement (I): Capital Doubling Speed and Output per Unit of Capital

Statement (I) says: A country which doubles its capital in ten years will have a higher output
per unit of capital than a country which doubles it in twenty years.

Output per unit of capital is a measure of how much output (Y) is produced for each unit of
capital (K). It can be written as . A higher  means capital is used more productively.

In standard economic models, simply increasing capital stock (K) while keeping other factors
(like labor and technology) constant often leads to diminishing returns. This means that
each additional unit of capital adds less and less to total output (Y). In such a scenario, if K
increases faster than Y, the ratio  would actually fall or remain constant at best if scale is
constant.

However, the statement compares two scenarios with different speeds of capital
accumulation. Doubling capital in 10 years implies a much higher rate of investment and
capital accumulation than doubling it in 20 years. When a country invests heavily and
accumulates capital rapidly, this investment often involves purchasing new machinery,
equipment, and infrastructure that embody the latest available technology.

If faster capital accumulation is associated with faster adoption of advanced technology (as
suggested by Statement II), then the new capital is likely to be more productive than older
capital. This introduction of superior technology can counteract the effect of diminishing
returns and potentially lead to a higher output per unit of capital compared to a scenario
where capital grows slowly and technology adoption is slower.

Therefore, in a dynamic setting where investment incorporates technology, Statement (I) can
be considered true because faster capital accumulation (through higher investment) can
lead to faster technology adoption, boosting the productivity of capital.

Statement (II): New Investment and New Technology

Statement (II) says: New investment and new technology go together.

This statement is widely accepted in economics. Technological progress often manifests
itself in the form of new, improved capital goods (machines, computers, software, etc.) and
processes. When firms or countries invest in new factories, upgrade equipment, or build new

Y /K Y /K

Y /K
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infrastructure, they typically incorporate the most current and efficient technologies
available at that time. This is known as embodied technological change.

Building a new factory might incorporate energy-saving designs and automated
production lines (new technology).
Buying new computers involves getting the latest processing power and software (new
technology).
Investing in new transport systems can use more efficient engines or digital tracking
systems (new technology).

Thus, investment serves as a crucial vehicle for introducing and spreading new technology
throughout the economy. Statement (II) is true.

Relationship Between Statement (I) and Statement (II)

We have established that Statement (II) is true, describing the link between new investment
and new technology. We also discussed how Statement (I) can be true because faster
capital accumulation (which requires more investment) allows a country to adopt new
technology more quickly. If new investment brings new technology (Statement II), then a
country doubling capital faster (meaning higher investment) will benefit more rapidly from
technological advancements. This faster adoption of better technology can lead to higher
productivity of the newly added capital, potentially resulting in a higher overall output per
unit of capital for the economy.

Therefore, Statement (II) provides the underlying reason or mechanism that helps explain
why Statement (I) is likely true in a real-world economy where technology is not static but
evolves and is often embodied in new capital.

Based on this analysis:

Statement (I) is true.
Statement (II) is true.
Statement (II) explains why Statement (I) is true.
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Statement
Truth
Value

Explanation

(I) Faster capital doubling leads
to higher output per unit of
capital.

True
Likely true because faster accumulation
means faster adoption of embodied
technology.

(II) New investment and new
technology go together.

True
Investment is a key way to introduce and use
new technology (embodied technical
change).

Statement (II) explains that new investment brings new technology. Statement (I) suggests
that faster capital growth (driven by investment) leads to higher output per unit of capital.
The link is that faster investment brings technology faster, making the capital more
productive.

Conclusion on Statement Validity and Relationship

Both statements are individually true, and Statement (II) provides a correct explanation for
why Statement (I) holds true in the context of modern economic growth where technology is
embodied in capital.

Revision Table: Key Concepts
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Concept Description Relevance to Question

Capital
Accumulation

Increase in the total stock of
physical capital in an
economy.

Statement (I) compares different
rates of capital accumulation.

Output per Unit of
Capital ( )

Measure of capital
productivity; how much output
is generated per unit of
capital.

Statement (I) makes a claim about
this ratio.

Investment
Spending on new capital
goods (machinery, buildings,
infrastructure).

Driving force behind capital
accumulation; linked to technology in
Statement (II).

Technology
Knowledge of how to produce
goods and services more
efficiently.

Statement (II) links it to investment;
crucial for understanding why 
might rise despite diminishing
returns.

Embodied
Technological
Change

Technological progress that is
incorporated into new capital
goods.

Explains why new investment is often
necessary to benefit from new
technology.

Additional Information: Economic Growth Drivers

Economic growth, usually measured by the increase in Gross Domestic Product (GDP), is
driven by several factors:

Increase in Inputs: Growing the amount of labor (more workers) and capital (more
machines, factories) used in production.
Increase in Productivity: Getting more output from the same amount of inputs. This is
often due to technological progress, improved education and skills (human capital),
better organization, and increased efficiency.

While increasing the capital stock (capital accumulation through investment) is a key driver
of growth, its impact on output per unit of capital ( ) depends heavily on whether it is
accompanied by technological advancements and improvements in labor quality.
Statement (II) highlights the crucial role of investment in bringing about technological
progress, which is essential for sustained increases in productivity and living standards.
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60. Answer: b

Explanation:

Environmental Impact Assessment (EIA) is a crucial process used to predict the
environmental consequences (positive or negative) of a plan, policy, program, or project
prior to the decision to move forward with the proposed action.

Let's analyze the two statements provided regarding the steps involved in environmental
impact assessment studies.

Analyzing Statement (I): Evaluation of Pollutants

Statement (I) says: An evaluation and identification of sources, types and qualities of
pollutants generated by different phases of activity of project.

This statement describes a fundamental step in the EIA process. During an EIA, it is essential
to identify what potential pollutants a proposed project might generate. This includes
understanding:

The specific sources of pollutants (e.g., exhaust from vehicles, emissions from a factory
chimney, wastewater discharge).
The types of pollutants (e.g., particulate matter, sulfur dioxide, heavy metals, chemical
compounds).
The estimated quantities or levels of pollutants expected to be released during various
phases of the project (construction, operation, decommissioning).

This evaluation helps in understanding the potential impact the project will have on the
environment. Therefore, Statement (I) accurately describes a necessary part of an
environmental impact assessment study.

Conclusion for Statement (I): Statement (I) is true.

Analyzing Statement (II): Baseline Environmental Evaluation

Statement (II) says: In activity step model for environmental impact assessment studies, the
detailed evaluation of existing ambient air quality, meteorological conditions and nuclear air
quality existing in the project area.
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This statement refers to another crucial step in the EIA process, specifically evaluating the
baseline environmental conditions. Before assessing the impact of a project, you need to
know the current state of the environment without the project. This baseline assessment
typically includes:

Ambient Air Quality: Measuring the current levels of pollutants in the air before the
project starts.
Meteorological Conditions: Understanding local weather patterns like wind speed,
direction, temperature, and precipitation, as these affect how pollutants disperse.
Existing Conditions in the Project Area: Assessing other relevant environmental
parameters. While "nuclear air quality" might be relevant only for specific types of
projects (like nuclear facilities), assessing existing environmental conditions, including
air quality and meteorology, is a standard component of the baseline study in EIA.

This baseline data provides a reference point against which the predicted impacts of the
project are compared. The 'activity step model' mentioned likely refers to a structured
approach within EIA where different activities or components of the project are analyzed in
relation to environmental factors.

Conclusion for Statement (II): Statement (II) is true, as evaluating existing ambient conditions
like air quality and meteorology is a vital step in EIA.

Comparing Statement (I) and Statement (II): Explanation
Analysis

We have determined that both Statement (I) and Statement (II) are true. Now, let's consider if
Statement (II) is a correct explanation for Statement (I).

Statement (I) focuses on identifying and quantifying the pollutants that the project will
generate. It is about the project's emissions.
Statement (II) focuses on evaluating the existing environmental conditions in the project
area *before* the project begins. It is about the environment's current state.

While both are part of a comprehensive EIA, evaluating the existing baseline environmental
conditions (Statement II) does not explain why or how you would identify and evaluate the
pollutants generated by the project (Statement I). These are distinct but complementary
steps. Identifying project-generated pollutants helps predict future impacts, while evaluating
baseline conditions helps understand the environment's sensitivity and capacity to absorb
these impacts, as well as providing a reference for monitoring.

Therefore, Statement (II) is not the correct explanation for Statement (I).
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Summary

Statement Focus Role in EIA Truthfulness

Statement
(I)

Pollutants generated by
the project

Predicting project's contribution
to pollution

True

Statement
(II)

Existing ambient
environmental
conditions

Establishing baseline for
comparison and understanding
sensitivity

True

Based on the analysis, both statements are individually true, but Statement (II) does not
provide an explanation for Statement (I).

Revision Table: Key EIA Concepts

Concept Description

EIA Screening Determining if a project requires a full EIA.

EIA Scoping
Identifying the key environmental issues and impacts to be
studied in the EIA.

Baseline Data
Collection

Gathering information on the existing environmental and social
conditions in the project area (as in Statement II).

Impact Prediction
Forecasting the potential positive and negative environmental
impacts of the project (relates to Statement I).

Mitigation
Measures

Proposing actions to avoid, reduce, or compensate for adverse
impacts.

EIA Report Document summarizing the findings of the EIA study.

Public
Consultation

Involving stakeholders in the EIA process.

Additional Information on EIA Process Steps

The Environmental Impact Assessment process typically follows a series of steps, although
the specific phases might vary slightly depending on the country or regulatory framework. A
common sequence includes:

1. Screening: Deciding whether a project needs an EIA.
2. Scoping: Determining the scope and key issues for the EIA study.
3. Baseline Study: Documenting the existing environmental conditions (Statement II

describes aspects of this).
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4. Impact Prediction: Identifying and predicting the likely environmental impacts
(Statement I is closely related to this, focusing on pollutant generation which leads to
impacts).

5. Evaluation of Impacts: Assessing the significance of the predicted impacts.
6. Mitigation and Enhancement: Proposing ways to reduce negative impacts and enhance

positive ones.
7. EIA Report Preparation: Compiling the findings into a report.
8. Review of EIA Report: Examining the quality of the report.
9. Decision Making: Using the EIA findings to inform the project decision.

10. Post-Decision Monitoring: Checking that the project complies with conditions and
impacts are as predicted.

Understanding these steps helps clarify how Statement (I) and Statement (II) fit into the
overall environmental impact assessment process, confirming they are distinct but essential
components.

61. Answer: d

Explanation:

Understanding DoS Attacks and Rapid Methods

A Denial of Service (DoS) attack is a cyberattack where the attacker seeks to make a machine
or network resource unavailable to its intended users by temporarily or indefinitely disrupting
services of a host connected to the Internet. DoS attacks are often conducted by
overwhelming the target system with excessive traffic or requests.

The question asks about a specific attack method originally developed as a rapid method to
conduct many different IP-based DoS attacks. Let's look at the options provided:

Analysis of DoS Attack Methods

Nestea: Nestea is a program used for network packet crafting and testing. It can be used
to generate various types of network traffic, including ICMP (ping) floods or UDP floods,
which are types of DoS attacks. While it can conduct IP-based attacks, its primary
description isn't necessarily limited to being the *original rapid method* for *many
different* types in a singular tool context like the other options.
Packet storms: A packet storm is a network condition where a sudden flood of packets
inundates the network, potentially leading to a DoS. It's more of a *result* or *condition*
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than a specific *method* or *tool* originally developed for rapid, varied IP-based
attacks.
Teardrop: The Teardrop attack is a specific type of DoS attack that involves sending
malformed IP fragments to the target machine. The vulnerability exists in how the target
machine reassembles these fragments. It's a single specific type of IP-based DoS attack,
not a method for conducting "many different" ones.
Targa: Targa is a notorious DoS testing tool developed in the late 1990s. It was designed
to be capable of launching various types of IP-based DoS attacks quickly from a single
interface. These attacks included variations of ICMP floods, UDP floods, SYN floods, and
other methods that targeted vulnerabilities in TCP/IP stacks prevalent at the time. Its
design purpose aligns well with the description of a rapid method for conducting many
different IP-based DoS attacks.

Identifying the Rapid Multi-DoS Method

Comparing the options, Targa stands out as a specific tool or method designed to rapidly
launch a variety of IP-based Denial of Service attacks. It was developed explicitly for this
purpose, making it fit the description in the question.

Therefore, Targa is the attack method originally developed as a rapid method to conduct
many different IP-based DoS attacks.

Attack
Method /

Tool
Description

Fits "Rapid, Many Different IP-based
DoS"?

Nestea
Packet crafting tool for
testing/attacks (e.g., ICMP/UDP
floods).

Partially, but not specifically the
original tool for *many different*
types quickly from one interface.

Packet
storms

A result of excessive network traffic
causing DoS.

No, it's a condition, not a specific
attack method or tool.

Teardrop
Specific DoS attack exploiting IP
fragmentation.

No, it's one specific type, not "many
different".

Targa
DoS tool designed to rapidly launch
various IP-based attacks (ICMP, UDP,
SYN floods, etc.).

Yes, matches the description well.
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Revision Table: Key DoS Attack Concepts

Concept Brief Explanation

Denial of Service
(DoS)

Attack aiming to make a service unavailable.

IP-based DoS
DoS attacks targeting vulnerabilities or resources related to the
Internet Protocol.

Targa Tool Tool known for rapid execution of multiple IP-based DoS attack types.

Teardrop Attack DoS attack exploiting IP fragmentation vulnerabilities.

Additional Information on Rapid DoS Methods

The development of tools like Targa marked a shift towards making DoS attacks easier and
faster to deploy for individuals with less technical expertise. Prior to such tools, launching
diverse DoS attacks often required more manual effort or separate specific programs for
each attack type.

Modern DoS attacks often utilize botnets (networks of compromised computers) to launch
Distributed Denial of Service (DDoS) attacks, making them even more powerful and difficult to
mitigate. However, the underlying principles of overwhelming resources or exploiting specific
vulnerabilities, like those leveraged by tools like Targa, remain relevant.

Understanding the history of DoS tools helps in appreciating the evolution of network security
threats and defenses.

62. Answer: c

Explanation:

Understanding Server-Side Programs and Gateways

The question asks about a specific type of server-side program that acts as an intermediary.
This program sits between the main Hyper Text Transfer Protocol (HTTP) server, which
handles incoming web requests, and other crucial local resources, such as databases. Its
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primary role is to receive requests from the HTTP server, process them often by interacting
with backend systems like databases, and then send a response back to the HTTP server,
which in turn sends it back to the client (like a web browser).

Analyzing the Options for Server Intermediaries

Let's look at the provided options to identify which one best fits the description of a server-
side program acting as a gateway to other resources:

HTML programs: HTML (Hypertext Markup Language) is used for structuring content on
the web. It is a markup language rendered by web browsers and is not a server-side
program that interacts with databases or acts as an intermediary for an HTTP server.
This option is incorrect.
JavaScript programs: JavaScript is primarily known as a client-side scripting language
that runs in web browsers. While JavaScript can also run on the server (using
environments like Node.js), the term described in the question refers to a specific
*function* or *role* of a program acting as a go-between, not just the language it's
written in. This option doesn't capture the specific intermediary role as well as another
option.
Gateway programs: A gateway program, or often simply referred to in this context as a
gateway, is designed precisely for this purpose. It serves as an access point or a
translator between different systems or protocols. In the context of a web server, a
gateway program receives requests from the HTTP server (often via protocols like CGI,
FastCGI, WSGI, etc.), translates them into commands understood by backend resources
(like database queries), processes the results, and formats them back into a response
for the HTTP server. This perfectly matches the description of a program acting between
the HTTP server and other local resources like databases.
High Level programs: "High level" refers to a type of programming language that is
closer to human language and further from machine code (like Python, Java, C++, etc.).
While gateway programs are written in high-level languages, the term "High Level
programs" describes the *nature* of the programming language, not the *role* or
*function* of the program as an intermediary between an HTTP server and resources.
This option is too general and incorrect in this context.

Why Gateway Programs Fit the Description

Based on the analysis, the term that specifically describes a server-side program functioning
as an intermediary between an HTTP server and backend resources such as databases is a
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Gateway program. These programs effectively 'open the gate' to these resources for the web
server.

Revision Table: Server Program Types

Term Function Role in Web Architecture

HTTP Server
Handles incoming HTTP requests and
serves files (HTML, CSS, etc.)

Front-end request handler

Gateway
Program

Acts as intermediary; translates requests
for backend resources (databases, etc.)

Connects HTTP server to
backend resources

Database Stores and manages data Backend data storage

HTML
Markup language for web content
structure

Client-side display technology

JavaScript
Scripting language (client/server) for
dynamic content

Adds interactivity (client); can
be backend logic (server)

Additional Information on Web Server Gateway Interface

The communication between an HTTP server and a gateway program is often facilitated by
standardized interfaces. For example, the Common Gateway Interface (CGI) was one of the
earliest methods. More modern interfaces include FastCGI, WSGI (for Python), Rack (for Ruby),
and others. These interfaces define how the HTTP server passes request information to the
gateway program and how the gateway program returns the response.

The gateway program handles complex tasks that the simple HTTP server is not designed for,
such as executing scripts, querying databases, processing form data, and generating
dynamic HTML content on the fly before sending it back through the HTTP server to the user's
browser.

63. Answer: c

Explanation:

Understanding UNIX Log Files for Failed Logins
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In UNIX-like operating systems, various log files track system events, including user activity
and security-related information. One important aspect of system security monitoring is
tracking login attempts, especially failed ones, which can indicate brute-force attacks or
unauthorized access attempts.

Identifying the Log File for Failed Logins

The question asks which log file typically records failed login attempts in a UNIX operating
system. Let's examine the provided options:

Aculog: This is not a standard or commonly recognized log file name in typical UNIX or
Linux distributions for tracking login attempts.
Xferlog: This log file is primarily used by FTP (File Transfer Protocol) servers to record file
transfer operations (uploads and downloads). It is not related to user login attempts for
system access.
Loginlog: The /var/log/loginlog  file can be configured in some UNIX systems (often via
settings in /etc/login.defs ) to record failed login attempts, particularly for the root user.
While modern systems often use more centralized authentication logs managed by
services like syslog, loginlog  is historically associated with logging unsuccessful login
attempts.
Syslog: Syslog is a logging system or service daemon that manages various log
messages generated by the operating system and applications. It writes messages to
different log files based on facility and severity. While syslog *manages* the logging of
authentication events, including failed logins, the actual file depends on the syslog
configuration. Common files managed by syslog for authentication logs are
/var/log/auth.log  (on Debian/Ubuntu systems) or /var/log/secure  (on RHEL/CentOS
systems). Syslog itself is the service, not the specific file containing *only* failed logins,
although it handles the output to such files.

Based on the options provided and the function of these log files, Loginlog  is the file name
specifically associated with recording failed login attempts in certain UNIX configurations,
even if it's not the universal default on all modern systems which rely more on general
authentication logs handled by syslog.

Comparison of Log Files
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Log File
Name

Primary Purpose Relevance to Failed Logins

Aculog Not a standard UNIX log file. None

Xferlog FTP file transfer logs. None

Loginlog
Historically used or configured to
log failed login attempts (especially
root).

Directly relevant in specific
configurations.

Syslog
Logging system daemon; manages
various log files including
authentication logs.

Indirectly relevant as it manages the files
where failed logins are recorded (e.g.,
auth.log, secure).

Considering the options, Loginlog  is the term among the choices that refers to a specific file
intended, in certain contexts, for recording failed login attempts. Other options are either
irrelevant or refer to the logging system itself rather than a specific file primarily for this
purpose.

Revision Table: Key UNIX Log Files

Log File/System Typical Path(s) Purpose

Authentication Logs
(managed by syslog)

/var/log/auth.log ,
/var/log/secure

User logins, logouts, failed attempts,
authentication, authorization events.

System Messages
(managed by syslog)

/var/log/messages ,
/var/log/syslog

General system messages, kernel
messages, daemon logs.

Loginlog /var/log/loginlog
Historically or specifically configured
for logging failed login attempts (often
root).

Boot Log /var/log/boot.log
Messages logged during system
startup.

Kernel Log /var/log/kern.log Kernel-related messages.

Xferlog Often /var/log/xferlog FTP server file transfer logs.
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Additional Information on Login Security Logs

While /var/log/loginlog  specifically deals with failed logins in some setups, the primary files for
monitoring authentication and security events on most modern Linux distributions are
/var/log/auth.log  (Debian/Ubuntu) or /var/log/secure  (RHEL/CentOS). These files contain
records of successful logins, failed logins, user privilege changes, and other security-relevant
events. They are populated by the system's Pluggable Authentication Modules (PAM) and
managed by the syslog daemon or its modern counterparts like rsyslog or syslog-ng.

Monitoring these logs is crucial for detecting potential security breaches, such as brute-force
password attacks where an attacker attempts numerous logins with different passwords in a
short period. Tools are available to analyze these logs and generate alerts based on
suspicious patterns.

64. Answer: b

Explanation:

Understanding AVL Trees and Time Complexity

An AVL tree is a self-balancing binary search tree. The "AVL" stands for the names of its
inventors, Adelson-Velsky and Landis. The key property of an AVL tree is that for every node,
the difference between the height of its left subtree and the height of its right subtree is at
most 1. This difference is called the balance factor.

This balancing property is crucial because it guarantees that the height of an AVL tree with 
nodes is always logarithmic, specifically . A balanced tree structure directly impacts
the efficiency of operations like searching, insertion, and deletion.

AVL Tree Search Operation Complexity

Searching for a node in an AVL tree follows the same logic as searching in a standard binary
search tree. You start at the root and move down the tree, comparing the target value with
the current node's value and deciding whether to go left or right.

Average Case: Because the tree is balanced, the path from the root to any node (or to
where a node would be) is limited by the height of the tree. Since the height is ,

n

O(log(n))

O(log(n))
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the average time to find an element is .
Worst Case: In the worst case, the search might traverse the longest path from the root
to a leaf. Due to the balancing property, the longest path is still proportional to the
height of the tree. Thus, the worst-case time complexity for searching in an AVL tree is
also .

AVL Tree Insertion Operation Complexity

Inserting a new node into an AVL tree involves two main steps:

1. Standard BST Insertion: First, the new node is inserted as a leaf in the same way as in a
regular binary search tree. This involves searching for the correct position, which takes

 time because the tree height is .
2. Balancing: After insertion, the balance factor of nodes on the path from the inserted

node up to the root might change. If any node becomes unbalanced (balance factor > 1
or < -1), rotations are performed to restore the AVL property. The rotations (LL, RR, LR, RL)
are constant time operations . In the worst case, balancing might need to
propagate up the tree towards the root, potentially requiring rotations and height
updates along the path. However, the total number of updates and rotations required to
rebalance the tree after a single insertion is proportional to the height of the tree, which
is .

Combining these steps, the time complexity for insertion is the sum of the search time and
the balancing time, which is . Therefore, the overall time complexity for
inserting a node into an AVL tree is  in both average and worst cases.

AVL Tree Deletion Operation Complexity

Deleting a node from an AVL tree also involves multiple steps:

1. Standard BST Deletion: Find the node to be deleted. This takes  time. If the node
has children, find its in-order predecessor or successor (which also takes  time)
and swap values, then delete the leaf node.

2. Balancing: After deleting a node, the tree might become unbalanced. Similar to
insertion, we traverse up the path from the deleted node (or its replacement) towards
the root, checking balance factors and performing rotations as needed to restore the
AVL property. While a deletion might require multiple rotations (potentially up to

 rotations) to rebalance the tree fully, each rotation and height update is .
The total time spent on rebalancing is therefore proportional to the height of the tree,
which is .

O(log(n))

O(log(n))

O(log(n)) O(log(n))

O(1)

O(log(n))

O(log(n)) + O(log(n))

O(log(n))

O(log(n))

O(log(n))

O(log(n)) O(1)

O(log(n))
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Thus, the time complexity for deleting a node from an AVL tree is the sum of the
search/deletion time and the balancing time, resulting in an overall time complexity of

 for both average and worst cases.

Summary of AVL Tree Operation Complexities

The time complexities for search, insertion, and deletion operations in an AVL tree are
summarized below:

Operation Average Case Complexity Worst Case Complexity

Search

Insert

Delete

As shown in the table, all three core operations—search, insert, and delete—have a time
complexity of  in both the average and worst-case scenarios for an AVL tree. This
consistent performance is a major advantage of using AVL trees compared to unbalanced
binary search trees where the worst-case complexity can degrade to .

Revision Table: Key AVL Tree Concepts

Concept Description Complexity Impact

Self-
Balancing

Automatically adjusts structure to
maintain balance.

Ensures logarithmic height
.

Balance
Factor

Height(left subtree) - Height(right
subtree) .

Metric used to detect and fix
unbalance.

Rotations
Operations (LL, RR, LR, RL) to restore
balance.

Constant time  rebalancing
steps.

Height Maximum distance from root to leaf. Always  in AVL trees.

Additional Information: Beyond AVL Tree Operations

O(log(n))

O(log(n)) O(log(n))

O(log(n)) O(log(n))

O(log(n)) O(log(n))

O(log(n))

O(n)

O(log(n))

≤ 1

O(1)

O(log(n))
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Why Self-Balancing?

In a standard binary search tree (BST), if nodes are inserted in sorted order, the tree can
degenerate into a linked list, leading to  time complexity for search, insert, and delete
operations in the worst case. Self-balancing trees like AVL trees prevent this by performing
automatic adjustments (rotations) to keep the tree height close to the minimum possible,
which is  for  nodes.

Height of an AVL Tree

The height  of an AVL tree with  nodes is always . More specifically, the minimum
number of nodes  in an AVL tree of height  is given by the recurrence relation 

, with  and . This sequence is related to the Fibonacci
numbers. Because the number of nodes grows exponentially with height, the height grows
logarithmically with the number of nodes.

Comparison with Other Data Structures

Simple BST: Faster insertions and deletions on average, but worst-case can be .
Simpler to implement.
Red-Black Tree: Another type of self-balancing BST. Generally less strictly balanced than
AVL trees (height is  but with a larger constant factor). This makes insertions and
deletions slightly faster on average as fewer rotations might be needed, though
searches are marginally slower than AVL trees in practice. Red-Black trees are
commonly used in standard library implementations (like C++ STL maps/sets, Java
TreeMaps/TreeSets).
Hash Table: Provides  average time complexity for search, insert, and delete, but

 worst case (due to collisions) and does not maintain sorted order.

AVL trees are excellent for applications where search performance is critical and
insertions/deletions are less frequent, or where consistent  worst-case performance
is required for all operations.

65. Answer: c

Explanation:

O(n)

O(log(n)) n

h n O(log(n))

N(h) h N(h) =

N(h − 1) + N(h − 2) + 1 N(0) = 1 N(1) = 2

O(n)

O(log n)

O(1)

O(n)

O(log(n))
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Understanding Digital Investigation Models and Enterprise
Architecture

Digital investigation models provide structured approaches for conducting forensic analyses.
These models help investigators systematically collect, preserve, analyze, and report on
digital evidence. Different models are designed for various contexts, ranging from simple
cases to complex enterprise-level investigations.

The question asks for a specific digital investigation model that is based on the 'Zachman
Framework' and is intended to assist with the design, development, and management of
enterprise IT architecture in the context of investigations. The Zachman Framework is a well-
known enterprise architecture framework that provides a way to view and understand an
enterprise's information systems from various perspectives.

Let's analyze the options provided:

Physical model: This often refers to the physical layer of data storage or the physical
process of handling evidence, not typically a high-level investigation framework based
on Zachman.
Staircase model: This is a phase-based model, often depicted as steps in a staircase,
outlining sequential stages of an investigation. While useful, it is not specifically tied to
the Zachman Framework or enterprise IT architecture management.
FORZA model: This model is specifically designed to align digital investigations with
enterprise architecture principles, drawing inspiration from frameworks like the
Zachman Framework. It focuses on integrating investigation processes into the broader
IT management and security structure of an organization. It considers the enterprise
context, aligning investigation activities with business goals and IT infrastructure design.
Sub-phase model: This is a general term that could apply to any model where major
phases are broken down into smaller steps. It does not identify a specific model based
on the Zachman Framework for enterprise IT architecture.

Based on the description provided in the question, the model explicitly linked to the 'Zachman
Framework' for assisting with enterprise IT architecture design, development, and
management within digital investigations is the FORZA model.
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Digital
Investigation

Model
Key Characteristics

Relation to Zachman Framework /
Enterprise IT

Physical Model
Focuses on physical
handling of evidence, data
storage layers.

Limited or no direct link.

Staircase Model
Phase-based sequential
steps (e.g., acquisition,
analysis).

General process model, not specifically
tied to enterprise architecture
frameworks.

FORZA Model
Structured model for
investigations in enterprise
IT.

Based on or inspired by frameworks like
Zachman, integrates with enterprise IT
architecture management.

Sub-phase
Model

Describes breaking down
larger phases into smaller
steps.

General concept, not a specific model
based on Zachman for enterprise
architecture.

Therefore, the model that aligns with the description of being based on the Zachman
Framework and relevant to enterprise IT architecture management in digital investigations is
the FORZA model.

Revision Table: Key Digital Investigation Models
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Model Name Brief Description Primary Focus

FORZA Model
Integrates investigation processes
with enterprise architecture
principles.

Enterprise IT, structure,
management, alignment with
business.

Staircase Model
Sequential steps of an
investigation.

Process flow, phases.

Abstract Digital
Forensic Model
(ADFM)

High-level, abstract view of the
investigation process.

Conceptual framework,
generalization.

Integrated Digital
Forensics Model
(IDFM)

Combines aspects of different
models, focusing on process
integration.

Comprehensive process,
integration.

Additional Information on Digital Forensic Frameworks

Digital forensic frameworks and models are essential for standardizing procedures, ensuring
completeness, and maintaining the integrity of investigations. While many models exist, they
often share common phases like identification, preservation, collection, analysis, and
reporting. The choice of model can depend on the nature of the investigation, the type of
evidence, and the organizational context (e.g., law enforcement, corporate security). The
FORZA model's connection to enterprise architecture highlights the growing need to integrate
digital forensics into the broader IT governance and risk management strategies of large
organizations.

The Zachman Framework for Enterprise Architecture is a two-dimensional classification
scheme that organizes architectural artifacts (documents, specifications, models, etc.)
according to two criteria: six fundamental questions (What, How, When, Who, Where, Why)
and different perspectives or views (Planner, Owner, Designer, Builder, Subcontractor,
Enterprise Scope). Models like FORZA leverage such enterprise-level structures to provide a
more holistic and integrated approach to digital investigations within complex
organizational environments.

66. Answer: b
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Explanation:

Understanding Equivocal Forensic Analysis

The question asks about the nature of conclusions drawn from an equivocal forensic analysis
of physical and digital evidence. Let's break down the term "equivocal".

What does Equivocal Mean?

In general, the word "equivocal" means:

Subject to multiple interpretations.
Ambiguous or unclear.
Allowing for doubt or uncertainty.

When applied to a forensic analysis, an equivocal conclusion means that the findings from
the evidence do not point clearly to a single, definitive answer. There is uncertainty, and the
evidence could be understood in more than one way.

Analyzing the Options

Let's look at how the provided options relate to the concept of an equivocal forensic analysis:

Option 1: End of interpretation - This suggests a final, settled conclusion where no further
understanding is needed. This is the opposite of equivocal.
Option 2: Still open to interpretation - This perfectly matches the definition of equivocal.
If something is "still open to interpretation", it means the conclusion is not fixed or
definitive; it could be understood in multiple ways. This aligns with the ambiguity
inherent in an equivocal analysis.
Option 3: Reconstruction of interpretation - This implies revisiting and rebuilding a
previous understanding, but it doesn't directly describe the state of the current
analysis's conclusion being ambiguous.
Option 4: Reformation of interpretation - Similar to reconstruction, this suggests
changing or improving an existing interpretation, not that the evidence itself leads to
multiple possible conclusions initially.

Based on the meaning of "equivocal", an analysis resulting in equivocal conclusions about
physical and digital evidence is one where the findings are not clear-cut and can be
interpreted in more than one way. Therefore, the conclusions are "still open to interpretation".

Conclusion

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


An equivocal forensic analysis is characterized by conclusions that are not definitive and can
be understood in different ways. This means the interpretation of the physical and digital
evidence is not settled.

The final answer is .

Term Meaning in Forensic Analysis

Equivocal Analysis
Conclusions are uncertain, ambiguous, or open to multiple
interpretations.

Unequivocal
Analysis

Conclusions are clear, definitive, and leave no room for doubt or
multiple interpretations.

Revision Table: Forensic Evidence Analysis

Understanding the certainty of conclusions is crucial in forensic science. Here's a quick
review:

Type of
Conclusion

Certainty
Level

Characteristic

Equivocal
Low to
Moderate

Evidence can support more than one conclusion;
ambiguous; open to interpretation.

Unequivocal High
Evidence strongly supports a single conclusion; clear and
definitive.

Additional Information: Forensic Analysis and Interpretation

Forensic analysis involves the scientific examination of physical and digital evidence. The
goal is often to link evidence to a person, place, or event, or to reconstruct events.

Physical Evidence: Includes tangible items like fingerprints, DNA, toolmarks, fibers, etc.
Digital Evidence: Includes information found on electronic devices like computers,
phones, servers, etc.
Interpretation: The process of assigning meaning to the findings from the analysis. This
step requires expertise and consideration of context.

​Still open to interpretation
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Factors Affecting Interpretation: The clarity of interpretation can be affected by the
quality and quantity of evidence, the complexity of the case, potential contamination, or
limitations of the analytical techniques.

When an analysis is equivocal, forensic scientists will typically explain the potential
interpretations and the limitations of the evidence to the investigators or court. It highlights
that while the evidence is present and analyzed, it doesn't provide a conclusive answer on its
own for certain questions.

67. Answer: c

Explanation:

Understanding Cross-Site Scripting (XSS)

Cross-site scripting (XSS) is a common web security vulnerability that allows attackers to
inject malicious scripts into web pages viewed by other users. This vulnerability arises when a
web application accepts untrusted input and displays it without properly validating or
sanitizing it.

When a user's browser loads the affected web page, the malicious script is executed in the
context of the user's session with that website. This can allow attackers to steal cookies, hijack
user sessions, redirect users to malicious sites, or deface websites.

Analyzing the Options

Let's examine each option provided in the context of Cross-Site Scripting:

1. Send the mass e-mails to the recipients: This describes sending unsolicited bulk emails,
commonly known as spam. If the emails contain malicious links or attachments, it could
lead to other attacks like phishing or malware infection, but sending mass emails itself is
not Cross-Site Scripting.

2. Host a website on an infected or malicious web server: This involves compromising a
web server and hosting malicious content on it. While dangerous, this relates to server-
side security and hosting infrastructure, not the client-side injection technique
characteristic of XSS.

3. Execute a malicious code on another system through an intermediary web application:
This option accurately describes Cross-Site Scripting. The "malicious code" is typically
client-side script (like JavaScript), the "another system" is the victim's browser, and the
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"intermediary web application" is the vulnerable website that serves the malicious script
to the victim's browser. The attacker uses the web application as a vehicle to deliver and
execute code in the user's browser.

4. Control on the web application through SQL control characters: This describes a
different type of vulnerability called SQL Injection. SQL Injection involves injecting
malicious SQL code into application input fields to manipulate the application's
database. While both XSS and SQL Injection are injection attacks, they target different
parts of the web stack (client-side/browser vs. database).

Conclusion on Cross-Site Scripting

Based on the analysis, the definition that best fits Cross-Site Scripting is executing malicious
code (typically client-side scripts) on a user's system (their browser) by exploiting a
vulnerability in a web application they are interacting with. The web application acts as the
means through which the malicious script is delivered to the user's browser.

Therefore, option 3 is the correct description of what an attacker is able to do using Cross-
Site Scripting techniques.

Revision Table: Web Security Vulnerabilities

Vulnerability Description Target

Cross-Site
Scripting (XSS)

Injecting malicious client-side scripts into web
pages viewed by others.

User's Browser
(Client-Side)

SQL Injection
Injecting malicious SQL code into database
queries.

Database
(Backend)

Spam / Phishing
Sending unsolicited emails, often with malicious
intent (e.g., tricking users into revealing info).

User (Social
Engineering)

Additional Information: Types of Cross-Site Scripting

Cross-Site Scripting vulnerabilities can manifest in different ways:

Stored XSS (Persistent XSS): The malicious script is permanently stored on the target
server (e.g., in a database, comment field, forum post). When users access the page
containing the stored script, it is delivered to their browsers and executed.
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Reflected XSS (Non-Persistent XSS): The malicious script is reflected off the web server,
typically in an error message, search result, or other response that includes input sent
by the user as part of the request. The script is not permanently stored. The attacker
needs to trick the victim into clicking a specially crafted link.
DOM-based XSS: The vulnerability lies in the client-side script (JavaScript) on the page
itself, rather than in the server-side code. The script executes based on manipulating
the Document Object Model (DOM) in the victim's browser, often triggered by fragments
of the URL or other client-side data.

Preventing XSS involves rigorous input validation, output encoding, and implementing
appropriate security headers.

68. Answer: a

Explanation:

Understanding Intellectual Property Rights

The question asks to identify the term that describes an idea, a design, a manuscript, an
invention, or a concept that can potentially lead to a useful product or application. This is a
fundamental concept in the world of innovation, creativity, and business.

What is Intellectual Property?

Intellectual property (IP) refers to creations of the mind, such as inventions; literary and
artistic works; designs; and symbols, names and images used in commerce. These are
treated as property, giving the creators rights over their creations. These rights are generally
time-limited.

The question specifically mentions:

An idea
A design
A manuscript
An invention
A concept

All these are examples of creations of the mind. When these creations have the potential to
become useful products or applications, they can be protected under intellectual property
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law.

Analyzing the Options

Let's look at the provided options:

Intellectual property right: This refers to the legal rights granted to creators or owners of
intellectual property. These rights allow them to control the use of their creations and
benefit from them. This aligns directly with the description in the question, as it covers
ideas, designs, manuscripts, inventions, and concepts that can lead to useful outcomes.
Employees right: This refers to rights related to employment, such as fair wages, safe
working conditions, and freedom from discrimination. It is not directly related to the
ownership or protection of creative works or inventions.
Professional right: This term is broad and can refer to rights associated with a particular
profession, such as the right to practice, ethical standards, or professional autonomy. It
does not specifically address the ownership of ideas or inventions.
Recognition right: While recognition for one's work is important, "recognition right" is not
a standard legal term that encompasses the protection and ownership of ideas,
designs, manuscripts, or inventions in the context of generating useful products or
applications. Intellectual property rights *can* lead to recognition, but the right itself is
about control and ownership.

Why Intellectual Property Right is the Correct Term

The description provided in the question—an idea, design, manuscript, invention, or concept
giving rise to a useful product/application—perfectly fits the definition of creations that are
protected under intellectual property law. The legal framework providing this protection is
called intellectual property rights. These rights allow individuals or organizations to prevent
others from using, copying, or profiting from their creations without permission, thereby
encouraging innovation and creativity by allowing creators to benefit from their work.

Examples of intellectual property rights include patents (for inventions), copyrights (for
literary, dramatic, musical, and artistic works, including manuscripts and designs), and
trademarks (for signs distinguishing goods or services). Designs can also be protected
through design patents or registered designs.

Therefore, the term that encompasses an idea, a design, a manuscript, an invention, or a
concept that gives rise to a useful product/application is related to the protection and
ownership of these creations, which is covered by Intellectual property right.
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Revision Table: Key Concepts

Term Brief Description Relevance to Question

Intellectual
Property Right

Legal rights protecting creations of the
mind (ideas, designs, inventions, etc.)

Directly applies to the
question's description of
creative works leading to
products.

Employees
Right

Rights related to employment conditions
and treatment.

Not related to the ownership
of creative works.

Professional
Right

Rights associated with practicing a
specific profession.

Not specific to the protection
of ideas or inventions.

Recognition
Right

Related to acknowledgement for one's
work, but not a primary legal term for
ownership/protection of IP.

Does not legally define or
protect the creations
themselves in this context.

Additional Information: Types of Intellectual Property

Intellectual property is a broad category covering various types of creations. Understanding
the different types helps clarify what kind of protection applies to specific creative works:

Patents: Protect inventions, allowing the patent holder exclusive rights to make, use, and
sell the invention for a limited time. An "invention" mentioned in the question is covered
by patents.
Copyrights: Protect original works of authorship, such as literary, dramatic, musical, and
certain other intellectual works. A "manuscript" falls under copyright protection. Designs
(artistic or graphic) can also be protected by copyright in some cases.
Trademarks: Protect brands, logos, names, and symbols used to distinguish goods or
services of one party from those of others. While not directly listed in the question's
examples (idea, design, manuscript, invention, concept), they are a crucial part of
intellectual property, often associated with the "useful product/application" that arises.
Trade Secrets: Protect confidential information that gives a business a competitive
edge, such as formulas, practices, designs, instruments, or compilations of information.
Concepts or ideas, if kept confidential and providing a business advantage, could
potentially be protected as trade secrets.

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Industrial Designs: Protect the visual design of objects that are not purely utilitarian. A
"design" mentioned in the question could be protected as an industrial design, focusing
on its aesthetic appearance.

These various forms of intellectual property rights are the legal mechanisms used to protect
the creations described in the question, enabling their creators to benefit from them.

69. Answer: a

Explanation:

Understanding Engineering Ethics

Engineering ethics is a vital field that explores the moral issues and dilemmas that arise in
the practice of engineering. It's not just about following rules, but about understanding the
principles that guide engineers to make responsible choices that benefit society and
minimize harm.

What Does Engineering Ethics Study?

The study of engineering ethics focuses on applying ethical principles to the engineering
profession. Let's break down the key components often discussed in this field:

Decisions: Engineers constantly make decisions, from design choices to project
management strategies. Engineering ethics helps engineers evaluate the potential
moral implications of these decisions, considering factors like safety, environmental
impact, and fairness.
Policies: Professional engineering bodies, companies, and governments establish
policies to guide engineering conduct. Engineering ethics analyzes these policies, helps
in their formulation, and examines how they uphold or potentially conflict with ethical
principles.
Values: Core values such as honesty, integrity, public safety, and respect for the
environment are fundamental to ethical engineering practice. Engineering ethics
explores these values and how they should influence an engineer's actions and
judgment.

Considering these components, engineering ethics is fundamentally concerned with
identifying and promoting conduct that is morally desirable within the context of engineering
practice and research.
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Evaluating the Options

Let's look at the options provided and see how they align with the scope of engineering
ethics:

Option 1: Decisions, policies and values that are morally desirable in engineering
practice and research

This option includes decisions, policies, and values, which are core elements of ethical
study in any professional field, including engineering. It explicitly mentions the context
as being "morally desirable" and within "engineering practice and research". This aligns
well with the definition of engineering ethics.

Option 2: Policies, time-management and values that are morally desirable in
engineering practice and research

This option includes policies and values but replaces "decisions" with "time-
management". While time management is important in engineering projects, it is
primarily an operational or project management skill rather than a core ethical concern
itself. Ethics can influence how time is managed (e.g., not cutting corners for deadlines
unsafely), but time management itself isn't a primary subject of engineering ethics
study in the same way decisions, policies, and values are.

Option 3: Decisions, time-management and values that are morally desirable in
engineering practice and research

Similar to Option 2, this option includes "time-management". While decisions and values
are relevant, the inclusion of "time-management" as a primary component of
engineering ethics study is less accurate than focusing on policies.

Option 4: Policies, human resource management and values that are morally desirable
in engineering practice and research

This option includes policies and values but replaces "decisions" with "human resource
management". Like time management, human resource management (HRM) is an
important aspect of running engineering organizations, and ethical principles apply to it
(e.g., fair treatment of employees). However, HRM itself is not typically considered a
central topic within the core study of engineering ethics, which focuses more broadly on
the ethical implications of technical work, its impact on the public, the environment, and
professional conduct.

Conclusion on the Scope of Engineering Ethics
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Based on the analysis, engineering ethics is best described as the study that examines the
morally desirable aspects related to the decisions engineers make, the policies that govern
their work, and the values they uphold in their professional practice and research activities. It
guides engineers in navigating complex situations where their work impacts society, the
environment, and their profession.

Core Component Relevance to Engineering Ethics

Decisions Crucial; ethical considerations in design, safety, risk, etc.

Policies Essential; professional codes, company rules, regulations

Values
Fundamental; integrity, honesty, public safety, environmental
responsibility

Time-management
Operational; ethics influences *how* time is managed, but not
a core ethics topic itself

Human resource
management

Organizational; ethics applies to HRM, but HRM not a core ethics
topic itself

Revision Table: Engineering Ethics Study

Key Aspects Description

Focus Moral issues in engineering practice and research

Subject Matter Ethical dilemmas, responsibilities, professional conduct

Core Elements Studied Decisions, Policies, Values

Goal Promote morally desirable conduct and responsible engineering

Additional Information: Importance of Engineering Ethics

Studying engineering ethics is crucial for several reasons:

Public Safety: Engineers design and build things that affect public safety. Ethical
considerations ensure that safety is prioritized.
Environmental Protection: Engineering projects can have significant environmental
impacts. Ethics encourages engineers to consider sustainability and minimize harm.

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Professional Integrity: Upholding ethical standards builds trust in the engineering
profession.
Complex Challenges: Modern engineering often involves complex global challenges
(e.g., climate change, artificial intelligence) that require careful ethical consideration.
Legal and Regulatory Compliance: Many ethical principles are embedded in laws and
regulations, making ethics study relevant to legal compliance.

Engineers have a significant impact on society, making a strong understanding of ethics
essential for responsible innovation and practice.

70. Answer: c

Explanation:

Understanding Prohibited Goods and Legal Terms

The question asks for the specific term used when someone illegally manufactures, sells, or
transports products that are forbidden by law, specifically mentioning liquor and narcotics.

What is Bootlegging?

The term that precisely fits this description is Bootlegging. Bootlegging refers to the illegal
production, distribution, or sale of goods, particularly alcoholic beverages and narcotics, that
are restricted or prohibited by law. The term originated during the Prohibition era in the
United States when illegal alcohol was smuggled by concealing bottles in boots. While it
started with alcohol, the term is now commonly applied to any illegal trafficking of prohibited
goods, including narcotics.

Analyzing the Options

Let's look at why the other options are not the correct answer for illegal manufacturing,
selling, or transporting prohibited goods like liquor and narcotics:

Industrial espionage: This involves spying to steal confidential information, especially
relating to competing companies. It does not involve manufacturing, selling, or
transporting prohibited products.
White-collared crimes: This category includes non-violent financial crimes committed
by individuals, businesses, or government professionals. Examples include fraud,
embezzlement, and insider trading. While these are illegal activities, they do not typically
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involve the physical manufacturing or trafficking of prohibited substances like liquor or
narcotics.
Bootlegging: As explained, this term specifically refers to the illegal manufacturing,
selling, or transporting of goods prohibited by law, such as liquor and narcotics. This
directly matches the description in the question.
Glitching: This term refers to a sudden, usually temporary, malfunction or fault in a
system, machine, or program. It has no relation to illegal activities involving
manufacturing, selling, or transporting prohibited products.

Based on the definitions, Bootlegging is the correct term for the illegal activities described in
the question.

Comparing the Terms

Here is a brief comparison of the terms:

BootleggingIllegal manufacturing, selling, transporting of prohibited goodsYes

Term Description
Related to Prohibited Products

(Liquor/Narcotics)?

Industrial
Espionage

Stealing business
secrets

No

White-collared
Crimes

Non-violent
financial crimes

Indirectly, if profits from illegal activities are
laundered, but not the core activity

Glitching
System
malfunction

No

Conclusion on Prohibited Goods Terminology

The act of manufacturing, selling, or transporting products like liquor and narcotics that are
prohibited by law is accurately described by the term Bootlegging. The other options
describe different types of illegal or unrelated activities.

Revision Table: Understanding Illegal Activities
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Key Concept Definition
Example related to the

question

Bootlegging
Illegal manufacturing, selling, or
transporting of prohibited goods.

Illegally making and selling
alcohol during Prohibition.

Prohibited
Products

Goods whose production, sale, or
transport is against the law.

Illegal narcotics, certain types
of alcohol in specific contexts.

Illegal
Transport

Moving goods across borders or
within areas against legal
restrictions.

Smuggling illegal drugs.

Additional Information on Bootlegging and Illegal Trade

Bootlegging is a form of contraband smuggling or illegal trade. It often involves organized
crime networks. While historically associated with alcohol, the term's application has
broadened. The illegal trade of goods undermines legal markets, avoids taxes, and can fund
other criminal activities. Governments worldwide combat bootlegging through law
enforcement and international cooperation.

The term 'bootlegging' highlights the clandestine nature of this illegal trade.
The economic impact of bootlegging includes lost tax revenue and damage to
legitimate businesses.
Bootlegging of narcotics is a major global issue contributing to crime and public health
crises.

71. Answer: d

Explanation:

Understanding Project Management Phases and the
Evaluation Stage

Project management involves progressing through distinct phases to take a project from
initiation to completion and handover. Understanding these phases helps manage
expectations, resources, and activities effectively. The question asks about the phase where
testing and final standardization are key efforts to prepare for operational use.

Analyzing the Project Life Cycle Phases
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Let's look at the typical phases in a project life cycle:

1. Conceptual Phase: This is the beginning. Ideas are formed, feasibility is checked, and the
project's scope and objectives are broadly defined.

2. Planning Phase: Detailed plans are developed, including tasks, timelines, resources, and
budgets. Risks are identified and planned for.

3. Production/Execution Phase: This is where the actual work of creating the project's
deliverables happens according to the plan.

4. Evaluation/Closure Phase: The project deliverables are reviewed, tested, and verified
against requirements. The project is formally closed, and deliverables are handed over
to the operational teams.

5. Operational Phase: This is not strictly a project phase but the ongoing period where the
project's output is used and maintained.

Evaluating the Given Options

Let's consider how each option aligns with the description of being predominantly a testing
and final standardization effort for operations to begin:

Conceptual phase: This phase is about defining the project, not testing the final output or
standardizing it for operations.
Production phase: While testing might happen during production (e.g., unit testing or
integration testing), the *final* comprehensive testing and standardization for handover
to operations usually occurs after the main production is complete.
Operational phase: This phase happens *after* the project is finished and operational.
The project has already transitioned to operations, so this cannot be the phase where
standardization happens *so that operations can begin*.
Evaluation phase: This phase often involves rigorous testing of the final product or
service, comparing it against the initial requirements and quality standards. It is also the
phase where documentation is finalized, processes are standardized, and training might
occur to ensure a smooth handover to the teams who will operate the project's outcome.
This closely matches the description.

The Role of the Evaluation Phase

In the project management life cycle, the Evaluation (or sometimes called Closure) phase is
critical for ensuring the project's success is validated and its outcomes are ready for long-
term use. Key activities in this phase include:

Final testing and quality assurance.
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Validation against project objectives and scope.
Completion of documentation and reports.
Standardization of procedures and processes for ongoing operations.
Formal handover of deliverables to the client or operational teams.
Review of the project's performance and lessons learned.

These activities, particularly the emphasis on final testing and standardization, directly enable
operations to begin effectively and efficiently.

Project
Phase

Primary Focus Testing/Standardization for Operations

Conceptual
Idea generation, feasibility,
definition

Minimal or none

Planning
Detailed planning, resource
allocation

None

Production
Execution of work, creation of
deliverables

May include testing, but not final
standardization for handover

Evaluation
Verification, validation, closure,
handover

Predominant testing and final
standardization for operations

Operational
Ongoing use and maintenance
of deliverables

Already in operations

Therefore, the phase that is predominantly focused on testing and final standardization
efforts to allow operations to begin is the Evaluation phase.

Revision Table: Project Management Phases

Review the typical stages of a project life cycle to solidify your understanding.

Initiation/Conceptual
Planning
Execution/Production
Monitoring & Controlling (often overlaps with Execution)
Closure/Evaluation
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Additional Information: Standardization in Project
Management

Standardization in project management refers to the process of implementing and adhering
to common rules, processes, procedures, and guidelines. This is crucial for consistency,
quality, and efficiency. In the context of project handover, standardization ensures that the
deliverables and associated processes are documented, predictable, and easy for the
operational team to manage and maintain. This can include standard operating procedures
(SOPs), maintenance guides, user manuals, and performance metrics.

72. Answer: b

Explanation:

Understanding Activity Float in Project Management

In project management, specifically when using techniques like the Critical Path Method
(CPM) or Program Evaluation and Review Technique (PERT), 'float' or 'slack' refers to the
amount of time an activity can be delayed without causing delays to the overall project or
subsequent activities.

There are different types of float, each defined by the constraints it considers. The question
asks about a specific type of float that represents spare time when an activity starts as late
as possible and finishes as early as possible.

Types of Float

Let's examine the options provided to understand the different types of float:

1. Total float: This is the maximum amount of time an activity can be delayed from its early
start date without delaying the project finish date. It is calculated as the difference
between the Late Finish (LF) and Early Finish (EF), or Late Start (LS) and Early Start (ES).

This float is shared among activities on a path and consuming it might affect total float
available for other activities on the same path.

2. Independent float: This is the amount of time an activity can be delayed without
affecting the early start time of any immediately succeeding activity or the late finish

Total Float = LF − EF

Total Float = LS − ES
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time of any immediately preceding activity. It's the float an activity has that is truly
'independent' of other activities' schedule flexibility. It is calculated as:

This float represents the spare time available if the activity starts as late as possible
(based on predecessor constraints) and finishes as early as possible (based on
successor constraints). The question describes this specific scenario.

3. Free float: This is the maximum amount of time an activity can be delayed without
delaying the early start time of any immediately succeeding activity. It is calculated as
the difference between the Early Start of the succeeding activity and the Early Finish of
the current activity.

Free float is always less than or equal to total float and is not shared among activities on
the same path (relative to succeeding activities).

4. Slack: Slack is often used interchangeably with Total Float in many contexts. However,
the term 'slack' can sometimes broadly refer to any kind of flexibility in the schedule. In
formal CPM/PERT analysis, 'total float' is the precise term for the flexibility relative to the
project end date. The question's specific definition doesn't match the general or total
float definition of slack.

Analyzing the Question's Definition

The question states: "Which one of the following float of an activity is the spare time available
for that activity, if that activity is started as late as possible and is finished as early as
possible?".

"Started as late as possible": This implies considering the Late Finish (LF) of the preceding
activities. The latest an activity can start is determined by the latest its preceding
activity can finish without impacting subsequent activities/project end. Independent
float calculation considers the late finish of the predecessor.
"Finished as early as possible": This implies considering the Early Start (ES) of the
succeeding activities. The earliest an activity can finish directly affects when the next
activity can start. Independent float calculation considers the early start of the
successor.

The definition perfectly aligns with the concept of Independent float, which measures the
amount of time an activity can be delayed without impacting the schedule of its
predecessors (their late finish) or its successors (their early start).

Independent Float = Early Start (Successor) − Late Finish (Activity) − Duration (Activity)

Free Float = Early Start (Successor) − Early Finish (Activity)
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Comparison of Different Types of Float

Type of Float Definition Impact Considered

Total Float
Max delay without delaying project
end.

Project completion date

Free Float
Max delay without delaying early
start of successor.

Early start of immediate successors

Independent
Float

Max delay without delaying late
finish of predecessor OR early start
of successor.

Late finish of immediate
predecessors AND Early start of
immediate successors

Slack
Often same as Total Float,
sometimes a general term for
flexibility.

Project completion date (usually)

Based on the analysis, the float described by the condition "started as late as possible and is
finished as early as possible" is the Independent float.

Revision Table: Key Float Concepts

Reviewing Float Calculations

Float Type Formula (Conceptual) Key Constraint

Total Float (TF) LS - ES OR LF - EF Project End Date

Free Float (FF) ES(successor) - EF(activity) Early Start of Successor

Independent Float
(IF)

ES(successor) - LF(predecessor) -
Duration(activity)

LF of Predecessor & ES of
Successor

Additional Information on Activity Float

Understanding different types of float is crucial for effective project scheduling and resource
allocation. Activities with zero total float are on the critical path, meaning any delay in these
activities will delay the entire project.

Float provides flexibility in scheduling.
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Negative float indicates that the project is behind schedule and needs acceleration.
Float values can change as the project progresses or if the schedule is revised.
Independent float is a theoretical value and can sometimes be negative or zero, even if
total or free float is positive. It represents flexibility that is guaranteed regardless of when
predecessors finish or successors start within their allowable ranges.

73. Answer: b

Explanation:

Understanding Interest Rates: Nominal vs. Effective

When dealing with interest, it's important to understand the difference between the nominal
interest rate and the effective interest rate. The nominal rate is the stated interest rate per
year, while the effective rate is the actual rate earned or paid per year, taking into account
the effect of compounding.

The effective rate is particularly useful for comparing different investment or loan options
with different compounding frequencies. A higher compounding frequency for a given
nominal rate will result in a higher effective rate.

Calculating Effective Interest Rate Compounded Quarterly

The question provides a nominal interest rate of 12% per annum and states that it is
compounded quarterly. We need to find the equivalent effective annual rate of interest. The
formula to convert a nominal rate to an effective rate is:

Let's denote the nominal rate as  and the number of compounding periods per year as .
The formula becomes:

Step-by-Step Calculation

Given:

Nominal Rate ( ) = 12% per annum = 0.12

Effective Rate = 1 + ​ −( Number of Compounding Periods per Year
Nominal Rate )

Number of Compounding Periods per Year
1

i n

Effective Rate = 1 + ​ −( n
i )

n
1

i
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Compounding Frequency = Quarterly
Number of Compounding Periods per Year ( ) = 4 (since there are 4 quarters in a year)

Now, substitute these values into the formula:

Calculate :

Now, complete the calculation:

To express this as a percentage, multiply by 100:

Looking at the options, the closest value is 12.6% per annum. The notation "12-6%" is likely
intended to mean 12.6%.

Conclusion

Based on the calculation, the effective rate of interest when the nominal rate is 12%
compounded quarterly is approximately 12.55%, which rounds to 12.6%.

Revision Table: Interest Rate Concepts

n

Effective Rate = 1 + ​ −( 4
0.12 )

4
1

Effective Rate = 1 + 0.03 −( )4 1

Effective Rate = 1.03 −( )4 1

(1.03)4

(1.03) =2 1.0609

(1.03) =4 (1.03) ×2 (1.03) =2 1.0609 × 1.0609 = 1.12550881

Effective Rate = 1.12550881 − 1

Effective Rate = 0.12550881

Effective Rate = 0.12550881 × 100% ≈ 12.55%
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Concept Description
Formula Example

(Nominal 12%,
Quarterly)

Nominal Rate
The stated annual interest rate, without
considering compounding frequency.

12% per annum

Compounding
Frequency

How many times interest is calculated and added
to the principal within a year.

Quarterly (n=4)

Effective Rate
The actual annual rate earned or paid, considering
the effect of compounding. It allows comparison of
rates with different compounding frequencies.

Additional Information on Compounding

Compounding is the process where the interest earned on an investment or loan is added to
the principal sum, so that future interest is earned on the new, larger principal. The more
frequently interest is compounded within a year, the higher the effective annual rate will be
for a given nominal rate.

Annual Compounding (n=1): Effective Rate = Nominal Rate.
Semi-annual Compounding (n=2): Interest is compounded twice a year.
Quarterly Compounding (n=4): Interest is compounded four times a year (as in this
problem).
Monthly Compounding (n=12): Interest is compounded twelve times a year.
Daily Compounding (n=365): Interest is compounded every day.

For the same nominal rate, the effective rate increases as the compounding frequency
increases. This is why a nominal rate of 12% compounded quarterly is effectively more than
12% per year.

74. Answer: a

Explanation:

Estimating the Required Rate of Return for Equity Shareholders

1 + ​ −( 4
0.12 )

4 1 ≈

12.55%
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Equity shareholders require a certain rate of return on their investment to compensate them
for the risk they undertake. This required rate of return is a crucial input in valuation models
and capital budgeting decisions (as part of the weighted average cost of capital or WACC).
Several approaches can be used to estimate this required return. Let's explore the options
provided and identify the relevant approach.

Understanding the Options

The question asks for an approach to estimate the required rate of return for equity
shareholders. Let's look at each option:

Dividend growth approach: This approach is based on the idea that the value of a stock
is the present value of its future dividends. A common model within this approach is the
Dividend Discount Model (DDM), particularly the constant growth DDM (Gordon Growth
Model). This model directly links the stock price, the expected dividend, the dividend
growth rate, and the required rate of return.
Dividend reinvestment approach: This refers to the decision by shareholders to use
received dividends to buy more shares of the same company, rather than taking the
cash. While related to dividends, it is not a method for *estimating* the required rate of
return itself.
Dividend capitalization approach: This term can be used broadly to describe methods
where dividends (or earnings) are 'capitalized' or discounted to find value. However, the
specific method used to *derive the required rate of return* from future expected
dividends and price is typically referred to as a dividend *growth* model or dividend
*discount* model, emphasizing the growth expectation.
Dividend pricing model approach: This is a very general term. Dividend discount models,
including the growth model, are types of dividend pricing models, but the option
"Dividend growth approach" is more specific and directly relates to deriving the required
return from expected dividends and growth.

The Dividend Growth Approach and Required Return

The Dividend Growth Approach, specifically the constant growth Dividend Discount Model
(DDM), is a widely used method to estimate the required rate of return for equity
shareholders. The model assumes that dividends grow at a constant rate indefinitely. The
formula for the current price of a stock ( ) under this model is:

Where:

P ​0

P ​ =0 ​r ​−ge

D ​1
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 = Current market price of the stock
 = Expected dividend per share at the end of the next period (Year 1)

 = Required rate of return for equity (Cost of Equity)
 = Constant annual dividend growth rate

This formula can be rearranged to solve for the required rate of return ( ):

This rearranged formula shows that the required rate of return is estimated as the sum of the
expected dividend yield ( ) and the constant expected dividend growth rate ( ). This
directly provides an estimate of the rate of return equity shareholders require.

Other approaches like the Capital Asset Pricing Model (CAPM) or Arbitrage Pricing Theory
(APT) are also used to estimate the required rate of return (Cost of Equity), but among the
options provided, the Dividend growth approach (DDM) is the relevant method.

Evaluation of the Correct Approach

Based on the standard financial models used for estimating the cost of equity or required
rate of return for equity shareholders, the Dividend growth approach, specifically employing
the Dividend Discount Model (DDM), is a recognized method. It allows investors or analysts to
infer the required rate of return based on the observable market price of the stock, the
expected future dividend, and an estimated growth rate for those dividends.

Approach Relevance to Estimating Required Return

Dividend growth
approach

Directly used in the Dividend Discount Model (DDM) to derive
.

Dividend reinvestment
approach

Related to how shareholders use dividends, not how the required
return is estimated.

Dividend capitalization
approach

Broad term; 'Dividend growth approach' is a specific method
within this concept used for return estimation.

Dividend pricing model
approach

General term; 'Dividend growth approach' is a specific model
type.

Conclusion

P ​0

D ​1

r ​e

g

r ​e

r ​ =e ​ +
P ​0

D ​1 g

​

P ​0

D ​1 g

r ​ =e ​ +P ​0

D ​1 g
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The Dividend growth approach, utilizing the Dividend Discount Model, provides a direct
method to estimate the required rate of return for equity shareholders by relating the stock's
price, future dividends, and their expected growth.

Revision Table: Key Concepts

Concept Description Relevance

Required Rate
of Return

The minimum return investors expect for holding
a security, given its risk.

Needed for valuation
and capital budgeting.

Dividend
Discount Model
(DDM)

Values a stock based on the present value of its
future dividends.

A key method under
the 'Dividend growth
approach'.

Gordon Growth
Model

A specific DDM assuming constant dividend
growth. Formula: .

Used to derive the
required rate of return (

).

Cost of Equity (
 or )

The return a company requires to compensate
its equity investors; equivalent to the required
rate of return from the company's perspective.

Calculated using
approaches like DDM or
CAPM.

Additional Information: Alternative Approaches and DDM
Assumptions

While the Dividend growth approach is one method, other widely used approaches to
estimate the required rate of return (Cost of Equity) include:

Capital Asset Pricing Model (CAPM): , where  is the risk-free rate, 
is the stock's beta, and  is the market risk premium. This model focuses on
systematic risk.
Arbitrage Pricing Theory (APT): A multi-factor model that explains return based on
sensitivity to various macroeconomic factors.
Bond-Yield-Plus-Risk-Premium Approach: Estimates the cost of equity by adding a risk
premium to the company's cost of debt.

It's important to note the assumptions of the constant growth DDM:

Dividends are expected to grow at a constant rate ( ) forever.

P ​ =0 ​r ​−ge

D ​1

r ​e

k ​e r ​e

r ​ =e R ​ +f β(R ​ −m R ​)f R ​f β

(R ​ −m R ​)f

g
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The required rate of return ( ) must be greater than the growth rate ( ).
The dividend growth rate is constant and perpetual, which may not be realistic for many
companies.

Despite its assumptions, the Dividend growth approach provides a simple and intuitive way
to understand the relationship between dividends, growth, price, and the required rate of
return for equity shareholders.

75. Answer: c

Explanation:

Understanding Business Assessment and SWOT Analysis

The question asks about a specific assessment method used by a business firm to evaluate
its internal capabilities (strengths and weaknesses) compared to its competitors, while also
considering external factors like environmental opportunities and threats.

Let's examine the options provided to identify the assessment tool that fits this description.

Analyzing the Assessment Options

Time-series analysis: This involves analyzing a sequence of data points collected over a
period of time. It's used to identify trends, cycles, or seasonal patterns in data like sales
figures or stock prices. While useful for understanding historical performance and
forecasting, it doesn't directly provide a comparative analysis of internal
strengths/weaknesses against competitors or evaluate external opportunities/threats in
a structured framework.
Cost-benefit analysis: This is a systematic process used to calculate and compare the
total costs and benefits of a proposed project, investment, or decision. The goal is to
determine if the benefits outweigh the costs. This tool is focused on evaluating the
financial viability of a specific action, not a comprehensive assessment of a firm's
overall position relative to competition and the environment.
SWOT analysis: SWOT is an acronym that stands for Strengths, Weaknesses,
Opportunities, and Threats.

Strengths: Internal positive attributes that give the firm an advantage over
competitors.
Weaknesses: Internal negative attributes that put the firm at a disadvantage
compared to competitors.

r ​e g
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Opportunities: External favorable factors or trends in the environment that the firm
can potentially leverage.
Threats: External unfavorable factors or trends in the environment that could
negatively impact the firm.

SWOT analysis is precisely designed to assess a firm's internal strengths and
weaknesses (often in relation to competitors) and evaluate external opportunities and
threats in the business environment. This systematic framework allows managers to
understand the current situation, identify strategic issues, and plan future actions. It
directly matches the description in the question.
Profit analysis: This involves examining a company's financial performance, specifically
its profitability. It might involve analyzing profit margins, revenue growth, or cost
structures. While profitability is an important indicator of a firm's success and can be
part of a weakness or strength assessment, profit analysis itself is not the
comprehensive framework described for assessing internal vs. external factors in
relation to competition and the environment.

Conclusion: Identifying the Correct Assessment Tool

Based on the analysis, the assessment method that specifically addresses the comparative
strength and weaknesses of a business firm in relation to competition and environmental
opportunities and threats is SWOT analysis.

Therefore, the correct answer is SWOT analysis.

Revision Table: Key Assessment Methods
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Assessment
Method

Primary Focus Application

SWOT Analysis
Internal Strengths/Weaknesses,
External Opportunities/Threats

Strategic planning, understanding
competitive position, assessing
environmental factors.

Time-series
Analysis

Data patterns over time
Forecasting, trend identification,
performance monitoring.

Cost-benefit
Analysis

Comparing costs and benefits of a
decision

Evaluating project viability, decision
making.

Profit Analysis Company profitability
Financial performance evaluation,
identifying areas for cost reduction or
revenue increase.

Additional Information on SWOT Analysis for Business Strategy

SWOT analysis is a foundational tool in strategic planning. It helps a firm gain a clear
understanding of its current situation. By identifying strengths, a firm can leverage them. By
recognizing weaknesses, it can work to improve them or mitigate their impact. Identifying
opportunities allows the firm to plan for growth, while understanding threats helps in
developing contingency plans and protective strategies.

It's important to note that a SWOT analysis is most effective when the internal factors
(Strengths and Weaknesses) are compared against competitors, and the external factors
(Opportunities and Threats) are specific and actionable environmental trends or conditions
relevant to the firm's industry and market.

76. Answer: d

Explanation:

Understanding Fundamental Project Plan Dimensions

Project planning is a critical phase in project management, involving the definition of project
goals, objectives, deliverables, tasks, resources, and schedule. At the core of project planning
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are several fundamental dimensions or constraints that dictate the project's success. These
are often referred to collectively as the Project Management Triple Constraint.

The Project Management Triple Constraint

The most widely recognized fundamental dimensions of project plans are:

Scope: This defines the specific work required to complete the project and the
deliverables that will be produced. It answers the question "What are we building or
doing?"
Time: This refers to the schedule for completing the project. It involves setting deadlines,
milestones, and activity durations. It answers the question "When will it be finished?"
Cost: This represents the budget allocated for the project, including all resources,
materials, and labor. It answers the question "How much will it cost?"

These three dimensions are interconnected. Changing one dimension typically affects one or
both of the others. For example, increasing the scope without increasing time or cost is
usually impossible.

Analyzing the Options

Let's consider the given options in the context of project plan dimensions:

Time: As discussed, Time (or Schedule) is a core fundamental dimension of project
plans, part of the traditional triple constraint.
Cost: Cost (or Budget) is also a core fundamental dimension, integral to the triple
constraint.
Scope: Scope is another essential fundamental dimension, defining the project's
boundaries and deliverables.
Quality: Quality is undoubtedly important in project management. However, in the
classic Triple Constraint model, Quality is often considered an outcome or constraint
that is managed by balancing Scope, Time, and Cost, rather than being one of the three
primary dimensions itself. While some extended models (like the Quadruple Constraint)
include Quality as a fourth dimension, the question asks about "fundamental
dimensions" (plural), implying the core set. In many foundational project management
contexts, Quality is viewed as being influenced by decisions made regarding Scope,
Time, and Cost. For example, reducing time or cost might negatively impact quality,
while increasing scope might require more time or cost to maintain quality.
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Based on the traditional and widely accepted Project Management Triple Constraint, Quality
is often seen as distinct from the three core fundamental dimensions (Scope, Time, Cost).

Identifying the Non-Fundamental Dimension

Comparing the options to the well-established fundamental dimensions of project plans
(Scope, Time, and Cost), Quality is the one that is most commonly not included as one of the
primary three fundamental dimensions in the most basic models.

Conclusion

Therefore, Quality is the option that is not typically considered one of the core fundamental
dimensions of project plans in the same way that Time, Cost, and Scope are.

Dimension Considered Fundamental? Role in Project Planning

Time Yes Schedule, deadlines, duration

Cost Yes Budget, resources, expenditure

Scope Yes Work required, deliverables, boundaries

Quality
Often not among the core
three

Outcome, performance standard, influenced by
others

Revision Table - Project Management Dimensions

Dimension Description Impact of Change

Scope
What needs to be
done

Increases can add Time/Cost; decreases can save
Time/Cost

Time
Schedule and
deadlines

Shortening can increase Cost/reduce Scope/risk
Quality; extending can increase Cost

Cost
Budget and
resources

Decreasing can affect Scope/Time/Quality; increasing
can allow more Scope/faster Time

Quality
Standards and
performance

Higher standards may require more
Time/Cost/controlled Scope
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Additional Information - Project Constraints

In project management, these dimensions are often called constraints because they limit or
define the project's possibilities. Managing a project effectively involves balancing these
constraints to meet project goals. While the Triple Constraint is a foundational concept,
modern project management also considers other factors like Risk, Resources, Customer
Satisfaction, and sometimes Quality as equally important constraints or dimensions,
depending on the framework being used.

The key takeaway regarding the Project Management Triple Constraint (Scope, Time, Cost) is
that it represents the fundamental trade-offs inherent in most projects. Quality is a crucial
aspect that is directly influenced by how well these three core dimensions are managed.

77. Answer: a

Explanation:

Understanding the Shadow Price of Foreign Exchange

The shadow price of a resource, like foreign exchange, is a concept used in economic
analysis, particularly in cost-benefit analysis and project appraisal. It represents the true
social opportunity cost or value of that resource to an economy, taking into account market
imperfections, externalities, and policy distortions that might cause the market price to differ
from the social value.

For foreign exchange, the shadow price often reflects its scarcity value and the marginal
social benefit derived from its use, or the marginal social cost incurred to acquire it. This can
differ significantly from the official exchange rate or the market exchange rate in the
presence of trade barriers, capital controls, or other distortions.

Calculating the Shadow Price: A Specific Formula

While various methods exist to estimate the shadow price of foreign exchange, depending on
the specific economic context and the availability of data, the question provides a particular
formula. We need to identify which of the given options matches this specific formula.

Let's examine the formula presented as the correct one and how it might represent a
calculation of the shadow price in a specific model or scenario. The formula is given as:
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In a hypothetical scenario where this formula applies,  and  could represent factors
related to the contribution of different projects or sectors (indexed by ) to the overall social
value generated or costs saved by using foreign exchange. For example:

 could represent the amount of foreign exchange used or saved in project .
 could represent the quantity of output or input associated with project .
 could represent a social value or price weight assigned to project  or its output/input.

In this conceptual framework, the product  would somehow represent the total social
impact (benefit or cost) associated with the foreign exchange used in project , possibly
scaled or weighted by . The summation  would then aggregate these impacts across

 different projects or uses of foreign exchange, yielding a total value or cost measure that
serves as the shadow price.

Let's compare this formula to the options provided:

Option Number Formula

1

2

3

4

Comparing the given formula  with the options, we find that Option 1 matches the

specified formula exactly.

Analyzing Other Options for Shadow Price Calculation

Options 2, 3, and 4 involve summations of sums and differences of  and . Without
specific definitions for these variables and the context of their application, it is difficult to
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assign a standard economic meaning to these combinations as a shadow price calculation.
Shadow price calculations typically involve weighting values or costs by quantities or
probabilities, often resulting in summation of products, not simple sums or differences of
different types of variables like  within each term.

Conclusion on the Shadow Price Formula

Based on the options provided and the formula specified, the shadow price of a unit of
foreign exchange, according to this particular representation, is given by the summation of
the product of  and  over  components or projects.

The correct formula for the shadow price of a unit of foreign exchange, as presented in the

options, is .

Revision Table: Key Concepts for Shadow Price of Foreign
Exchange

Concept Description Relevance to Foreign Exchange

Shadow Price
The true social
opportunity cost or value
of a resource.

Reflects the social value of foreign exchange,
not necessarily the market rate.

Opportunity
Cost

The value of the next best
alternative forgone.

Using foreign exchange for one purpose
means it cannot be used for another,
potentially more valuable, purpose.

Market
Imperfections

Distortions like tariffs,
subsidies, quotas, capital
controls.

Cause market exchange rates to deviate
from the social value.

Project
Appraisal

Evaluating the economic
viability of investment
projects.

Shadow prices are used to value inputs and
outputs at their social values.

Additional Information on Foreign Exchange Valuation

F ​,Q ​,P ​i i i

F ​,Q ​,i i Pi n

​F ​Q ​P ​

i=1

∑
n

i i i

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


Estimating the shadow price of foreign exchange is a complex task in practice. Common
approaches involve analyzing the impact of marginal changes in foreign exchange
availability on the economy's aggregate consumption or investment, or using premium rates
observed in parallel or black markets adjusted for specific distortions. The specific formula

provided in the question  likely represents a simplified or specific model relevant to

the context from which the question was drawn, focusing on the aggregated impact of
foreign exchange use across various activities or projects . Understanding the
definitions of  and  within that context would provide a deeper insight into the
formula's derivation and application in determining the shadow price of foreign exchange.

78. Answer: a

Explanation:

Understanding Income Elasticity of Demand

Income Elasticity of Demand measures how the quantity demanded of a good changes in
response to a change in consumers' income. It helps us understand if a good is normal,
inferior, or a necessity.

The formula for Income Elasticity of Demand ( ) is typically calculated as the percentage
change in quantity demanded divided by the percentage change in income. When dealing
with discrete changes between two points (an initial state and a following state), the arc
elasticity formula is often used. This formula uses the average of the initial and final
quantities and incomes to provide a more accurate measure over a range.

The Arc Income Elasticity Formula

The arc income elasticity of demand formula calculates the elasticity between two specific
points on the demand curve. It is given by:

The percentage change in quantity demanded is calculated using the average quantity, and
the percentage change in income is calculated using the average income. The formula can
be written as:

​F ​Q ​P ​

i=1

∑
n

i i i

i = 1, … ,n

F ​,Q ​,i i P ​i

e ​I

e ​ =I ​

Percentage change in Income
Percentage change in Quantity Demanded
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Simplifying this expression, we get:

The  in the numerator and denominator cancel out, leaving:

Where:

 is the quantity demanded in the base year.
 is the quantity demanded in the following year.

 is the income level in the base year.
 is the income level in the following year.

Analyzing the Given Options

Let's compare the derived arc elasticity formula with the given options:

Option 1: 

Option 2: 

Option 3: 

Option 4: 

Option 1 exactly matches the arc income elasticity formula we derived.

Conclusion

The formula presented in Option 1 is the standard arc elasticity formula used to calculate the
Income Elasticity of Demand between two points.

e ​ =I ​

​(I ​+I ​)/21 2

I ​−I ​2 1
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​

(Q ​ + Q ​)/21 2
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​
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Term Description

Initial Quantity Demanded

Following Quantity Demanded

Initial Income Level

Following Income Level

 or Change in Quantity Demanded

 or Change in Income

Average Quantity Demanded

Average Income Level

Revision Table: Elasticity Concepts

Elasticity Type Measures
Formula (Point

Elasticity)

Price Elasticity of
Demand ( )

Responsiveness of quantity demanded to
price changes

 or 

Income Elasticity of
Demand ( )

Responsiveness of quantity demanded to
income changes

 or 

Cross-Price Elasticity of
Demand ( )

Responsiveness of quantity demanded of
good X to price changes of good Y

 or

Additional Information: Interpreting Income Elasticity of Demand

The value of Income Elasticity of Demand ( ) tells us about the nature of the good:

If : The good is a luxury good. Quantity demanded increases more than
proportionally as income rises.

Q ​1

Q ​2

I ​1
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If : The good is a necessity good. Quantity demanded increases less than
proportionally as income rises.
If : The good is an inferior good. Quantity demanded decreases as income rises.

Understanding income elasticity helps businesses forecast sales based on economic growth
and helps governments understand consumer behavior.

79. Answer: a

Explanation:

Calculating Copper Density from Crystal Structure Data

This question asks us to calculate the density of copper using information about its atomic
structure and properties. We are given the atomic radius, atomic weight, the number of
atoms per unit cell, and Avogadro's number.

Let's list the given data:

Atomic radius of copper (r) = 1.278 Å
Atomic weight of copper (Aw) = 63.54 g/mol
Number of atoms per unit cell (Ne) = 4
Avogadro's number (Na) =  atoms/mol

The fact that there are 4 atoms per unit cell (Ne=4) strongly suggests that copper has a
Face-Centered Cubic (FCC) crystal structure. For an FCC structure, there is a specific
relationship between the atomic radius (r) and the edge length (a) of the unit cell.

Relationship between Atomic Radius and Unit Cell Edge Length in FCC

In an FCC unit cell, the atoms touch along the face diagonal. The length of the face diagonal
is 4 times the atomic radius ( ). Using the Pythagorean theorem, the face diagonal is also

, where 'a' is the edge length of the unit cell. Therefore, we have:

Solving for the edge length 'a':

Step-by-Step Calculation of Copper Density

0 < e ​ ≤I 1

e ​ <I 0

6.023 × 1023

4r

​ =a + a2 2 a ​2

a ​ =2 4r

a = ​ =
​2

4r 2 ​r2
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To calculate the density ( ), we need the mass of the atoms in the unit cell and the volume of
the unit cell. The formula for density is:

Here are the steps:

1. Convert Atomic Radius to Centimeters: The atomic radius is given in Angstroms (Å). We
need to convert it to centimeters (cm) for density in g/cm³.

2. Calculate the Unit Cell Edge Length (a): Using the relationship for FCC structures:

3. Calculate the Volume of the Unit Cell (V): The volume of a cube is the edge length
cubed:

4. Calculate the Mass of One Copper Atom: Using the atomic weight and Avogadro's
number:

5. Calculate the Total Mass in the Unit Cell: The unit cell contains Ne=4 atoms:

ρ

ρ = ​Volume of unit cell
Mass of unit cell

1  =Å 10  cm−8

r = 1.278  =Å 1.278 × 10  cm−8

a = 2 ​r2

a = 2 × 1.414 × (1.278 × 10  cm)−8

a ≈ 3.614 × 10  cm−8

V = a3

V = (3.614 × 10  cm)−8 3

V ≈ (3.614) ×3 (10 )  cm−8 3 3

V ≈ 47.24 × 10  cm−24 3

Mass per atom = ​Avogadro’s Number (Na)
Atomic Weight (Aw)

Mass per atom = ​6.023×10  atoms/mol23
63.54 g/mol

Mass per atom ≈ 10.55 × 10  g/atom−23

Mass of unit cell = Ne × Mass per atom
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6. Calculate the Density of Copper: Now, divide the mass of the unit cell by its volume:

The calculated density of copper is approximately 8.934 g/cm³. Let's compare this value with
the given options:

9 gram/cm³
7 gram/cm³
5 gram/cm³
3 gram/cm³

The calculated value 8.934 g/cm³ is very close to 9 g/cm³. Therefore, the density of copper
will be nearly 9 gram/cm³.

Conclusion

Based on the given atomic radius, atomic weight, number of atoms per unit cell (assuming
FCC structure from Ne=4), and Avogadro's number, the calculated density of copper is
approximately 8.934 g/cm³. This is closest to the option 9 gram/cm³.

Given Data Value

Atomic radius (r) 1.278 Å (  cm)

Atomic weight (Aw) 63.54 g/mol

Atoms per unit cell (Ne) 4 (FCC structure)

Avogadro's number (Na)  atoms/mol

Mass of unit cell = 4 × (10.55 × 10  g)−23

Mass of unit cell ≈ 42.20 × 10  g−23

ρ = ​Volume of unit cell
Mass of unit cell

ρ = ​47.24×10  cm−24 3
42.20×10  g−23

ρ ≈ 0.8934 × 10  g/cm1 3

ρ ≈ 8.934 g/cm3

1.278 × 10−8

6.023 × 1023
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Calculated Values Value

Unit cell edge length (a)  cm

Unit cell volume (V)  cm³

Mass per atom  g

Mass per unit cell  g

Density ( )  g/cm³

Revision Table: Key Concepts for Copper Density Calculation

Understanding the following concepts is crucial for calculating the density of a crystalline
solid like copper:

Crystal Structure: The arrangement of atoms in a solid. Copper has an FCC structure,
meaning atoms are at the corners and center of each face of the cubic unit cell.
Unit Cell: The smallest repeating unit of a crystal lattice.
Atoms per Unit Cell (Ne): The effective number of atoms within one unit cell. For FCC, this
is 4 (8 corners  1/8 + 6 faces  1/2).
Atomic Radius (r): Half the distance between the nuclei of two touching atoms.
Unit Cell Edge Length (a): The length of one side of the cubic unit cell. The relationship
between 'a' and 'r' depends on the crystal structure (e.g.,  for simple cubic, 

 for FCC,  for BCC).
Atomic Weight (Aw): The mass of one mole of atoms of an element in grams.
Avogadro's Number (Na): The number of atoms in one mole ( ).
Density ( ): Mass per unit volume. For a crystal, it's often calculated as (Mass of unit cell)
/ (Volume of unit cell).

Additional Information: Crystalline Solids and Density

The density of a crystalline solid is a fundamental property that depends on its atomic
weight, crystal structure, and atomic size. The calculation we performed for copper is a
standard method used to determine the theoretical density of a material from its
crystallographic data.

Different crystal structures have different packing efficiencies and different relationships
between atomic radius and unit cell dimensions. For example:

≈ 3.614 × 10−8

≈ 47.24 × 10−24

≈ 10.55 × 10−23

≈ 42.20 × 10−23

ρ ≈ 8.934

× ×

a = 2r a =

2 ​r2 a = 4r/
​3

6.023 × 1023

ρ
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Simple Cubic (SC): Atoms at corners only. Ne = 1. . Packing efficiency = 52.4%.
Body-Centered Cubic (BCC): Atoms at corners and one in the center. Ne = 2. .
Packing efficiency = 68%.
Face-Centered Cubic (FCC): Atoms at corners and face centers. Ne = 4. .
Packing efficiency = 74%. (Copper is FCC)

The density calculation helps verify the proposed crystal structure or predict the density of a
material with a known structure. Real densities might be slightly lower due to defects in the
crystal lattice, but the calculated value provides a good approximation.

The formula used, , is a general formula for calculating the density of a cubic
crystalline material, where V is the volume of the unit cell ( ).

80. Answer: b

Explanation:

Understanding Knoop's Hardness Number (KHN)

The Knoop hardness test is a microhardness test used to determine the hardness of brittle
materials or thin sheets, where indentations must be very small. Unlike tests like Brinell or
Rockwell, the Knoop indenter is a diamond pyramid with unequal face angles, creating a
rhombic-shaped indentation when pressed into the material surface under a specific load.

The Knoop Hardness Test Procedure

In the Knoop test, a diamond pyramid indenter is applied to the material surface under a
specific load (usually between 1 gf and 1000 gf) for a dwell time (typically 10-15 seconds).
After the load is removed, the length of the long diagonal of the resulting rhombic
indentation is measured under a microscope. The Knoop Hardness Number (KHN) is then
calculated using a specific formula that relates the applied load to the area of the
indentation.

Formula for Knoop's Hardness Number (KHN)

The Knoop Hardness Number (KHN), also often represented as HK, is calculated using the
following formula:

a = 2r

a = 4r/ ​3

a = 2 ​r2

ρ = ​V×Na
Ne×Aw

a3

KHN = ​A ​p

P
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Where:

 is the applied load (in kgf or N).
 is the projected area of the indentation (in mm\textsuperscript{2}).

The projected area  is related to the length of the long diagonal  and the shape of the
indenter. The formula is typically written to include a constant factor  (sometimes denoted
, , or ) which accounts for the shape of the indenter and relates the long diagonal

length to the projected area. This constant is approximately 0.07028 for the standard Knoop
indenter geometry.

The formula expressed in terms of the applied load  and the measured length of the long
diagonal  is:

or

Where:

 is the applied load (usually in kgf).
 is the length of the long diagonal of the indentation (in mm).
 (or 0.07028) is the constant related to the indenter geometry.

Note that some resources may present the formula as  or , where 
. However, the standard representation involving the projected area constant  in the

denominator is .

Analyzing the Options

Let's examine the given options in light of the standard formula :

1. PC/L² : This option shows  in the numerator, which does not match the standard
formula.

2. P/(L²C) : This option shows  in the numerator and  (or ) in the denominator. This
perfectly matches the standard formula .

3. (P+C)/L² : This option includes a sum of load and constant in the numerator, which is
incorrect for hardness calculation.

4. P/(L²-C) : This option involves a subtraction in the denominator, which does not
correspond to the area calculation related to the indentation dimensions.

P

A ​p

A ​p L

C

c C ​k 0.07028

P

L

KHN = ​

CL2
P

KHN = ​0.07028L2
P

P

L

C

​ ×
L2
P

​

C
1

​ ×
L2
P 14.229 1/C ≈

14.229 C

​

CL2
P

KHN = ​CL2
P

PC

P L C2 CL2

KHN = ​CL2
P
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Based on the standard definition and formula for Knoop's Hardness Number, the formula is
, which is equivalent to  when the terms in the denominator are reordered.

Comparison of Options with KHN Formula

Option Formula Presented Matches KHN Formula?

1 No

2 Yes

3 No

4 No

Conclusion on Knoop's Hardness Number Formula

The correct formula for Knoop's Hardness Number (KHN) that relates the applied load  to
the length of the long diagonal of the indentation , incorporating the indenter shape
constant , is . This matches the structure of Option 2.

Revision Table: Knoop Hardness Key Points

Key Aspects of Knoop Hardness Test

Aspect Description

Purpose Microhardness testing, especially for brittle or thin materials.

Indenter Rhombic-based diamond pyramid (unequal angles).

Indentation Shape Rhombus.

Measurement Length of the long diagonal (L).

Formula

Variables P = Load, L = Long diagonal length, C = Indenter constant.

Additional Information on Hardness Testing

Hardness is a material property that describes its resistance to permanent deformation,
such as scratching, indentation, or abrasion. Various hardness tests exist, each suitable for

​

CL2
P

​

L C2
P

​

L2
PC

​L C2
P

​L2
P+C

​

L −C2
P

P

L

C KHN = ​

CL2
P

KHN = ​

CL2
P
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different materials and applications:

Vickers Hardness Test: Uses a square-based diamond pyramid indenter, producing a
square indentation. The formula is , where  is the load and  is the
average length of the diagonals. It's versatile for a wide range of materials.
Brinell Hardness Test: Uses a hardened steel or carbide ball indenter. The formula is

, where  is the load,  is the ball diameter, and  is the indentation

diameter. Suitable for softer to medium-hard materials.
Rockwell Hardness Test: Measures the depth of indentation rather than its surface area.
It uses different indenters (ball or cone) and loads, resulting in different scales (e.g., HRC,
HRB). It provides a direct hardness reading without requiring measurement of the
indentation after the test.
Mohs Hardness Scale: A qualitative scale based on scratch resistance, ranging from 1
(talc) to 10 (diamond). Primarily used for minerals.

Each test provides a different hardness scale, and values from different scales are generally
not directly interchangeable without conversion charts, which are often approximate.

81. Answer: b

Explanation:

Understanding Microorganisms and Energy Sources

Microorganisms, like all living things, require energy to carry out their life processes, including
growth and reproduction. A fundamental way to classify organisms is by how they obtain
carbon to build their organic matter and how they obtain energy.

Organisms that can produce their own organic compounds (food) from simple inorganic
substances are called autotrophs. Autotrophs are the producers in most ecosystems. They
don't need to consume other organisms for carbon.

Autotrophs primarily obtain energy through two main methods:

Using light energy (Photosynthesis)
Using chemical energy from inorganic compounds (Chemosynthesis)

Chemo-autotrophs: Energy from Chemical Oxidation

HV = ​

d2
2P sin(136 /2)∘

P d

HB = ​

πD(D− ​)D −d2 2
2P P D d

https://play.google.com/store/apps/details?id=com.prepp
https://play.google.com/store/apps/details?id=com.prepp


The question describes microorganisms that produce matter using "oxidation of certain
chemicals" in the "absence of sunlight". This precisely matches the definition of chemo-
autotrophs.

Chemo-autotrophs are organisms that:

Synthesize their own organic compounds (produce matter).
Obtain energy by oxidizing inorganic substances (like hydrogen sulfide, ammonia,
ferrous iron, etc.).
Do not require sunlight as an energy source.

This process is called chemosynthesis. They use the energy released from these chemical
reactions to fix carbon dioxide and synthesize organic molecules.

Analyzing the Options

Let's look at the given options in the context of the question:

Photo-autotrophs: These organisms use sunlight as their energy source to synthesize
organic compounds (photosynthesis). Examples include plants, algae, and some
bacteria (like cyanobacteria). The question specifically mentions the "absence of
sunlight," ruling out photo-autotrophs.
Chemo-autotrophs: As discussed above, these organisms use chemical energy from
oxidizing inorganic compounds in the absence of sunlight to produce organic matter.
This aligns perfectly with the description in the question.
Micro-autotrophs: This term refers to the size of the organism (microorganism) and its
ability to produce its own food (autotroph). It doesn't specify the energy source (light or
chemical). While chemo-autotrophs are microorganisms and are autotrophs, "Micro-
autotroph" isn't a specific classification based on energy source like "Chemo-autotroph"
is.
Oxi-autotrophs: This term implies using oxidation for energy and being an autotroph.
While chemo-autotrophs do use oxidation, the standard scientific term for organisms
using chemical energy for autotrophic nutrition is "Chemo-autotrophs". "Oxi-autotroph"
is not a commonly used or precise term in this context.

Based on the analysis, only Chemo-autotrophs fit the description of producing matter using
chemical oxidation in the absence of sunlight.

Conclusion on Chemo-autotrophs
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The microorganisms described, which produce matter through the oxidation of chemicals
without sunlight, are correctly identified as chemo-autotrophs. They play crucial roles in
various ecosystems, especially in environments where sunlight is unavailable, such as deep-
sea hydrothermal vents and soil.

Revision Table: Types of Autotrophs

Type of
Autotroph

Energy Source
Carbon
Source

Process
Requires
Sunlight?

Photo-
autotrophs

Light energy
Carbon
dioxide (
)

Photosynthesis Yes

Chemo-
autotrophs

Chemical energy (oxidation
of inorganic compounds)

Carbon
dioxide (
)

Chemosynthesis No

Additional Information on Chemo-autotrophs

Chemo-autotrophs are diverse and include various bacteria and archaea. They utilize
different inorganic substances as electron donors for their energy-generating oxidation
reactions. Some examples include:

Sulfur bacteria: Oxidize hydrogen sulfide ( ) or elemental sulfur.
Nitrifying bacteria: Oxidize ammonia ( ) to nitrite ( ) and nitrite to nitrate ( ).
Iron bacteria: Oxidize ferrous iron ( ) to ferric iron ( ).
Hydrogen bacteria: Oxidize hydrogen gas ( ).

These organisms are essential for nutrient cycling in many environments, converting
inorganic substances into forms usable by other organisms or acting as primary producers in
ecosystems devoid of light.

82. Answer: a

Explanation:

CO ​2

CO ​2

H ​S2

NH ​3 NO ​2
− NO ​3

−

Fe2+ Fe3+

H ​2
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Understanding Downstream Concentration in Water Quality
Mixing

Water quality mixing models are fundamental tools used in Environmental Impact
Assessments (EIA). These models help predict how the concentration of a substance
changes when two or more streams of water with different flow rates and concentrations
mix. A simple and common scenario involves an effluent stream discharging into a receiving
water body, like a river or a larger stream.

To determine the resulting concentration in the mixed stream downstream of the mixing
point, we apply the principle of mass balance. This principle states that the total mass flow
rate of the substance entering the mixing zone must equal the total mass flow rate leaving
the mixing zone, assuming no reactions, decay, or sources/sinks within the zone.

Variables in the Mixing Model

Let's define the variables typically used in this simple mixing scenario:

: Flow rate of the original receiving water body (e.g., river flow).
: Concentration of the substance in the original receiving water body.
: Flow rate of the effluent stream being discharged.
: Concentration of the substance in the effluent stream.
: Concentration of the substance in the mixed stream downstream of the mixing point

(the resulting or instantaneous concentration).

Applying Mass Balance to Calculate Downstream Concentration

The mass flow rate is calculated as the product of flow rate and concentration (
).

The total mass flow rate entering the mixing zone is the sum of the mass flow rates from the
original stream and the effluent stream:

Mass flow rate entering = (Mass flow rate of original stream) + (Mass flow rate of effluent
stream)

Mass flow rate entering = 

The total flow rate leaving the mixing zone is the sum of the individual flow rates:

Total flow rate leaving = (Flow rate of original stream) + (Flow rate of effluent stream)

Q ​o

C ​o

Q ​e

C ​e

C ​I

MassFlow =

FlowRate × Concentration

(Q ​ ×o C ​) +o (Q ​ ×e C ​)e
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Total flow rate leaving = 

Let the concentration in the mixed stream leaving the zone be . The mass flow rate leaving
the zone is:

Mass flow rate leaving = (Total flow rate leaving)  (Concentration in mixed stream)

Mass flow rate leaving = 

According to the principle of mass balance, the mass flow rate entering must equal the mass
flow rate leaving:

To find the downstream concentration , we rearrange the equation:

This formula represents the weighted average of the concentrations of the two streams,
weighted by their respective flow rates.

Analyzing the Given Options

Let's compare our derived formula with the provided options:

Option Formula Match with Derived Formula?

1 Yes

2 No (uses subtraction)

3 No (uses subtraction in denominator)

4 No (uses subtraction in numerator and denominator)

The formula derived from the mass balance principle for simple conservative mixing (where
the substance does not react or decay) is .

Therefore, the downstream concentration  in this simple water quality mixing model is
given by the formula .

Revision Table: Key Concepts in Water Quality Mixing

(Q ​ +o Q ​)e

C ​I

×

(Q ​ +o Q ​) ×e C ​I

(Q ​ ×o C ​) +o (Q ​ ×e C ​) =e (Q ​ +o Q ​) ×e C ​I

C ​I

C ​ =I ​(Q ​+Q ​)o e

(Q ​×C ​)+(Q ​×C ​)o o e e

(Q ​Co +o QeCe)/(Qo + Qe)

(QoCo − QeCe)/(Qo + Qe)

(QoCo + QeCe)/(Qo − Qe)

(QoCo − QeCe)/(Qo − Qe)

C ​ =I ​(Q ​+Q ​)o e

(Q ​C ​+Q C ​)o o e e

C ​I

(Q ​Co +o QeCe)/(Qo + Qe)
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Concept Description Relevance to EIA

Water Quality
Mixing

Process where water bodies or streams with
different properties combine, resulting in a
mixed stream with averaged characteristics.

Predicting pollutant
dispersion and
concentration changes
after discharge.

Mass Balance

Fundamental principle stating that total mass
of a substance is conserved in a closed
system or control volume; mass in equals
mass out plus/minus
generation/consumption.

Basis for deriving
formulas for
concentration changes
in mixing models.

Conservative
Substance

A substance that does not undergo significant
physical, chemical, or biological
transformation (like decay or reaction) within
the mixing zone or timeframe considered.

Simple mixing models
are often based on the
assumption of
conservative
substances.

Downstream
Concentration

The concentration of a substance in the water
body after complete or partial mixing has
occurred below the point of discharge.

A key parameter
assessed in EIAs to
determine compliance
with water quality
standards.

Additional Information: EIA and Water Quality Models

Environmental Impact Assessment (EIA) is a process used to evaluate the likely
environmental impacts of a proposed project or development, taking into account inter-
related socio-economic, cultural and human-health impacts, both beneficial and adverse.
Water quality assessment is a crucial part of many EIAs, especially for projects involving
discharges into water bodies.

Water quality models, like the simple mixing model discussed here, are essential tools in EIA.
They help predict the fate and transport of pollutants discharged from sources such as
wastewater treatment plants, industrial facilities, or runoff.

While the formula  is a basic representation of simple mixing, more complex
models exist that account for factors like:

C ​ =I ​(Q ​+Q ​)o e

(Q ​C ​+Q ​C ​)o o e e
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Incomplete mixing (near-field mixing)
Dispersion and diffusion
Substance decay or reaction (non-conservative substances)
Sediment interaction
Temperature and density effects

These advanced models provide a more accurate prediction of pollutant concentrations
under varying environmental conditions and are often required for comprehensive EIA
studies involving significant discharges.

83. Answer: a

Explanation:

Calculating Available Wind Power in an Aero-Turbine

Understanding the available wind power is crucial when analyzing the performance of an
aero-turbine, commonly known as a wind turbine. Wind power is the energy transferred from
wind to a turbine per unit time. It depends on several factors, including the density of the air,
the area swept by the turbine blades, and the wind speed.

Factors Affecting Available Wind Power

The theoretical maximum available power in the wind passing through an area can be
derived by considering the kinetic energy of the moving air mass. The kinetic energy of a
mass  moving at velocity  is given by:

This is expressed using LaTeX.

Power is the rate of energy transfer. If we consider the mass of air passing through a certain
area  per unit time, we can find the power. The mass flow rate ( ) is the mass of air
passing through the area per second. If the air density is  and the wind speed is , the
volume of air passing through area  per second is . Thus, the mass flow rate is:

The available power (Pa) is the rate at which kinetic energy flows through the area , which
is:

m V

KE = ​mV
2
1 2
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ρ V
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Substituting the expression for :

This is the general formula for the available wind power passing through an area  with wind
speed  and air density . For an aero-turbine (wind turbine) with rotor diameter , the
swept area  is the area of the circle traced by the rotor tips. The radius of this circle is 

. Therefore, the swept area  is:

Now, substitute this expression for  into the power formula:

This formula represents the theoretical maximum power available in the wind passing
through the rotor area of an aero-turbine with diameter .

Comparing with Options

Let's compare our derived formula for the available wind power Pa with the given options:

Option Formula

1

2

3

4

Our derived formula is . Comparing this with the options, we see that Option 1
matches our derived formula exactly.
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Conclusion on Available Wind Power

The available wind power Pa in an aero-turbine is theoretically given by the formula derived
from the kinetic energy flow of the wind through the swept area of the rotor. This formula is

, where  is the air density,  is the rotor diameter, and  is the wind speed.

Revision Table: Key Concepts

Term Symbol Unit (SI) Description

Available Wind
Power

Watts (W)
Theoretical maximum power extractable from the
wind flow.

Air Density kg/m³
Mass of air per unit volume. Varies with
temperature and pressure.

Rotor Diameter
meters
(m)

Diameter of the circle swept by the turbine blades.

Wind Speed m/s Speed of the wind flowing through the rotor area.

Swept Area m² Area through which the wind passes, .

Additional Information on Wind Power and Aero-Turbines

While the formula  gives the available wind power, a real aero-turbine cannot
convert all of this power into electrical energy. The maximum theoretical efficiency limit for
extracting energy from the wind is given by Betz's Law, which states that a wind turbine can
extract at most 59.3% (or 16/27) of the kinetic energy from the wind.

Betz's Limit: The power that can be extracted by an ideal turbine is 
.

Real Turbine Efficiency: Actual wind turbines operate at lower efficiencies due to various
losses (aerodynamic losses, mechanical losses in the gearbox, electrical losses in the
generator, etc.). Typical overall efficiencies range from 30% to 50%.
Wind Speed Dependency: The available wind power is proportional to the cube of the
wind speed ( ). This highlights the critical importance of wind speed for wind power
generation. Doubling the wind speed increases the available power eight times.
Rotor Diameter Dependency: The available wind power is proportional to the square of
the rotor diameter ( ). Larger rotors sweep a larger area, capturing more wind power.
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84. Answer: a

Explanation:

Understanding Algal Bloom

Algal bloom is a natural phenomenon that occurs in aquatic environments. It refers to a
rapid increase or accumulation in the population of algae in a water system. This often
results in discoloration of the water due to the high density of algal cells. While algae are a
normal part of healthy aquatic ecosystems, an excessive growth, known as a bloom, can
have significant negative impacts on the environment and other organisms.

Causes of Algal Bloom

The primary trigger for an algal bloom is the availability of excessive nutrients in the water
body. These nutrients, particularly nitrates and phosphates, act like fertilizers for algae,
promoting their rapid growth.

Sources of these excess nutrients often include:

Agricultural runoff (fertilizers, manure)
Wastewater discharge (sewage, detergents)
Stormwater runoff from urban areas
Industrial waste
Natural processes like erosion

This excessive nutrient enrichment of a water body is often referred to as eutrophication.

Analysing the Options

Let's examine the provided options in the context of what causes an algal bloom:

Option 1: Nutrients are present in water bodies; an excess growth of algae appears. This
option aligns perfectly with the scientific understanding of algal blooms. High
concentrations of nutrients like nitrates and phosphates are the main drivers of
excessive algal growth.
Option 2: Planktons are present in water bodies; an excess growth of algae appears.
Planktons include algae (phytoplankton) and small animals (zooplankton). While algae
are a type of plankton, saying "planktons are present" isn't specific enough and doesn't
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identify the *cause* of the excess algal growth. The bloom is an excess of *algal
plankton*, not plankton in general being present.
Option 3: Bacteria are present in water bodies; an excess growth of algae appears.
Bacteria are also present in water bodies and play various roles, but their presence is
not the direct cause of algal blooms. In fact, bacterial populations can sometimes
increase *after* an algal bloom, feeding on decaying algal matter, which can lead to
oxygen depletion.
Option 4: Oxygen is present in water bodies; an excess growth of algae appears. Oxygen
is essential for most aquatic life, but high oxygen concentration does not cause algal
blooms. In fact, severe algal blooms can lead to oxygen depletion (hypoxia) at night or
when algae die and decompose, as bacteria consume oxygen during respiration.

Why Nutrients Cause Blooms

Algae are photosynthetic organisms, meaning they use sunlight, water, and nutrients (like
carbon, nitrogen, and phosphorus) to grow, just like plants. When the limiting nutrient (often
phosphorus or nitrogen) becomes abundant due to pollution, algae can grow at an
accelerated rate, leading to a bloom.

Conclusion on Algal Bloom Cause

Based on environmental science, algal blooms are primarily caused by an abundance of
nutrients in water bodies, which stimulates rapid algal reproduction and accumulation.

Summary of Algal Bloom Cause

Condition Effect on Algae Relation to Algal Bloom

High Nutrients (Nitrates,
Phosphates)

Stimulates rapid growth Primary cause of blooms

Presence of Planktons Algae are a type of plankton
Not the cause, but refers to
what blooms

Presence of Bacteria
Can increase after bloom
(decomposition)

Not the direct cause of bloom
initiation

High Oxygen
Essential for respiration, but not
growth cause

Oxygen levels can decrease
during/after blooms

Revision Table: Key Terms
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Important Concepts Related to Algal Blooms

Term Definition

Algal Bloom Rapid increase in algae population in a water body.

Eutrophication
Enrichment of a water body with nutrients, often leading to excessive
plant/algal growth and oxygen depletion.

Nutrients
Chemical substances (like nitrates, phosphates) essential for growth,
which can cause blooms when in excess.

Hypoxia
Condition where oxygen levels in water are very low, often a consequence
of severe algal bloom decomposition.

Additional Information: Impacts of Algal Blooms

Beyond the discolored water, algal blooms can have several negative impacts:

Oxygen Depletion: As large amounts of algae die and decompose, bacteria consume
dissolved oxygen in the water, creating "dead zones" where fish and other aquatic life
cannot survive.
Toxins: Some types of algae, particularly cyanobacteria (often called blue-green algae),
can produce harmful toxins that can be dangerous to humans, pets, and wildlife. These
are known as Harmful Algal Blooms (HABs).
Light Blockage: Dense blooms can block sunlight from reaching underwater plants,
hindering photosynthesis and potentially killing them.
Odor and Taste Problems: Algal blooms can cause unpleasant odors and tastes in
drinking water supplies.
Economic Impacts: Blooms can affect tourism, fisheries, and recreational activities.

85. Answer: c

Explanation:

Understanding the Hierarchy of Biological Diversity in
Ecosystems
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Biological diversity, often shortened to biodiversity, refers to the variety of life on Earth at all its
levels, from genes to ecosystems, and the ecological and evolutionary processes that
sustain it. When we look at biodiversity within the context of an ecosystem, it can be
described and measured at different scales or levels, forming a hierarchy.

The question asks for the correct sequence of key components of biological diversity in the
hierarchical structure of an ecosystem. Let's examine the typical levels at which biodiversity
is considered:

Genetic Diversity: This is the variation in genes within a species. It's the most
fundamental level of biodiversity.
Species Diversity: This refers to the variety of different species present in a particular
area.
Community Diversity: This involves the variety of communities in an ecosystem. A
community is an interacting group of various species in a common location. This level
also considers the interactions between species.
Ecosystem Diversity: This describes the variety of ecosystems in a given region. An
ecosystem includes both the living organisms (community) and their physical
environment interacting together.
Landscape Diversity: This is the diversity across larger geographical areas,
encompassing different ecosystems, habitats, and the patterns and processes that
connect them. It looks at the variety of different ecosystem types within a region.

Considering the components provided in the options (Landscape, Population, Species,
Community, and Gene) and arranging them from the broadest scale to the narrowest scale
within an ecosystem hierarchy, we get the following logical sequence:

1. Landscape: This is the broadest level, representing a mosaic of different ecosystems
and habitats across a region.

2. Community: This level considers the collection of different species populations
interacting within a specific area or habitat.

3. Population: This refers to a group of individuals of the same species living and
interacting within a particular area.

4. Species: This is a fundamental unit, representing a group of organisms capable of
interbreeding. Biodiversity is often measured by the number of species.

5. Gene: This is the narrowest level, representing the genetic variation within individuals of
a species or across different populations.

Therefore, the correct hierarchical sequence from the broadest to the narrowest level using
the given components is Landscape, Community, Population, Species, and Gene.
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Let's evaluate the given options based on this understanding:

Option 1: Landscape, Population, Species, Community and Gene - Incorrect sequence
(Population and Community are swapped relative to the correct hierarchy).
Option 2: Community, Landscape, Population, Species and Gene - Incorrect sequence
(Landscape should be broader than Community).
Option 3: Landscape, Community, Population, Species and Gene - Matches the derived
correct sequence.
Option 4: Community, Population, Landscape, Species and Gene - Incorrect sequence
(Community and Population are not the broadest level, and Landscape is misplaced).

Based on the ecological hierarchy, the sequence starting from the broadest scale
(Landscape) and moving towards the narrowest scale (Gene) is Landscape > Community >
Population > Species > Gene.

Revision Table: Biodiversity Hierarchy Components

Level Description Scale (Broadest to Narrowest)

Landscape
Diversity across different ecosystems and
habitats in a region.

Broadest

Community Variety of species interacting in an area.
Broader than
Population/Species/Gene

Population
Variety within groups of the same species
in an area.

Broader than Species/Gene

Species Variety of different species. Broader than Gene

Gene
Genetic variation within and between
populations.

Narrowest

Additional Information on Biological Diversity

Biodiversity is crucial for the stability and functioning of ecosystems. Each level of diversity
plays a vital role:

Genetic diversity allows species to adapt to changing environmental conditions and
diseases. Without sufficient genetic variation, a species is more vulnerable to extinction.
Species diversity ensures a wide range of ecological roles are performed within an
ecosystem, contributing to its resilience and productivity. More diverse ecosystems are
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generally more stable.
Community and Ecosystem diversity provide a variety of habitats and ecological
processes that support overall life on Earth. Different ecosystems provide different
services, from climate regulation to nutrient cycling.
Landscape diversity allows for connectivity between ecosystems, facilitating species
movement and maintaining ecological processes over larger areas.

Understanding the hierarchical structure of biological diversity helps in conservation efforts,
allowing scientists and policymakers to assess biodiversity status and plan interventions at
appropriate scales, from protecting genetic resources to preserving entire landscapes.

86. Answer: c

Explanation:

Understanding the Shape of Chimney Smoke: Plumes
Explained

The question asks about the specific geometrical shape or form that smoke takes as it exits a
chimney and rises into the atmosphere. Let's look at the options provided to identify the
correct term.

Analyzing the Options for Smoke Shape

Here's a breakdown of each option and its meaning:

Fume: This term generally refers to smoke, vapor, or gas, especially if it is strong,
unpleasant, or harmful. It describes the substance itself, not its physical shape or form
as it rises.
Fog: Fog is a weather condition consisting of a cloud of tiny water droplets suspended in
the atmosphere at or near the earth's surface that obstructs visibility. It is not the term
used to describe the shape of smoke coming from a chimney.
Plume: A plume is a column or stream of smoke, gas, or vapor rising from a source, such
as a chimney or volcano. It specifically describes the characteristic shape that effluent
takes as it disperses in the air.
Smog: Smog is a type of air pollution caused by a mixture of smoke and fog, or other
atmospheric pollutants. Like fog, it is an environmental condition, not the specific shape
of smoke from a single source like a chimney.
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Identifying the Correct Term for Chimney Smoke Shape

Based on the definitions, the term that precisely describes the shape or form of smoke as it
comes out of a chimney and rises is 'Plume'. A smoke plume can take various shapes
depending on factors like wind speed, atmospheric stability, and the temperature and
velocity of the exiting smoke, but 'plume' is the general term for this rising column.

Let's summarize the distinction:

Term Description Relation to Chimney Smoke

Fume Smoke, vapor, or gas (substance) Describes the substance, not its shape

Fog Water droplets in air (weather) Not related to chimney smoke shape

Plume
Column or stream of rising effluent
(shape/form)

Describes the shape of rising smoke

Smog Air pollution (mixture of pollutants)
Not related to the shape of smoke from a
single source

Therefore, the geometrical shape or form of the smoke coming out of a chimney is correctly
called a plume.

Revision Table: Key Concepts

Term Meaning Context (Chimney Smoke)

Plume
Rising column/stream of
gas/smoke

Shape of smoke from a chimney

Fume Smoke/gas substance
What the smoke is made of (can be), but not its
shape

Fog Ground-level water cloud Weather phenomenon, unrelated

Smog Air pollution mix
Broader environmental issue, unrelated to
specific shape
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Additional Information: Factors Affecting Plume Shape

The shape and behavior of a smoke plume from a chimney are influenced by several
atmospheric conditions and source characteristics. Understanding these can be important
in fields like air quality modeling.

Wind Speed: High winds can cause the plume to bend over quickly and disperse
horizontally, while low winds allow the plume to rise higher before dispersing.
Atmospheric Stability: This refers to the atmosphere's tendency to resist or enhance
vertical motion. Stable conditions suppress vertical mixing, causing plumes to spread
horizontally. Unstable conditions promote vertical mixing, causing plumes to loop or
spread widely.
Temperature and Exit Velocity of Smoke: Hot, fast-moving smoke has greater buoyancy
and momentum, helping it rise higher before it starts to level off and disperse. This initial
rise is called "plume rise."
Chimney Height: Taller chimneys release pollutants higher into the atmosphere,
allowing for greater dispersion before they reach ground level.

The study of how plumes disperse in the atmosphere is known as atmospheric dispersion
modeling.

87. Answer: d

Explanation:

Understanding Meteorological Drought and Rainfall Patterns

The question describes a specific situation characterized by a prolonged period with
inadequate rainfall and an erratic distribution of this rainfall over time and space.
Understanding different types of drought helps us identify the correct term for this situation.

Let's look at the definitions of the different types of drought:

Meteorological drought: This is defined by the degree of dryness compared to a normal
or average amount, and the duration of the dry period. It is primarily based on a deficit
in precipitation (rainfall, snow, etc.) over a specific period compared to the historical
average for that area and time. The erratic distribution mentioned in the question also
falls under meteorological conditions.
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Agricultural drought: This occurs when there isn't enough moisture in the soil to support
crop growth. It's linked to precipitation but also includes factors like soil moisture,
evaporation, and irrigation practices. It typically follows a meteorological drought but is
directly related to agricultural impacts.
Hydrological drought: This relates to deficiencies in surface and subsurface water
supplies. It involves reduced streamflow, lower lake and reservoir levels, and declining
groundwater levels. It usually develops more slowly than meteorological or agricultural
drought as it reflects depleted water resources from prolonged deficits.
Ecological drought: This refers to the impacts of water deficits on ecosystems. It involves
stress on plant and animal life, leading to changes in ecosystem structure and function.
It's a consequence of prolonged water scarcity affecting natural environments.

The description provided in the question focuses explicitly on the deficit and distribution
pattern of rainfall itself. This aligns directly with the definition of meteorological drought.

Therefore, a prolonged period of inadequate rainfall, marked with erratic distribution over
time and space, is specifically called meteorological drought.

Revision Table: Types of Drought

Drought Type Primary Definition Key Factor

Meteorological
Drought

Precipitation deficit compared to
average

Rainfall amount and distribution

Agricultural Drought
Insufficient soil moisture for
crops

Soil moisture, evaporation, plant
needs

Hydrological
Drought

Low surface and groundwater
levels

Streamflow, lakes, reservoirs,
groundwater

Ecological Drought
Impacts of water deficit on
ecosystems

Ecosystem health and function

Additional Information on Drought Impacts

While meteorological drought is the initial stage, it can lead to other types of drought and
have cascading effects:
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A prolonged meteorological drought depletes soil moisture, causing agricultural
drought.
Continued deficits lead to reduced runoff and groundwater recharge, resulting in
hydrological drought.
The combined effects of water scarcity on crops, water bodies, and natural habitats
contribute to ecological drought and broader socio-economic impacts.
Monitoring rainfall patterns and deficits is crucial for early detection of meteorological
drought, which allows for preparedness measures for the subsequent types of drought
and their impacts.

88. Answer: d

Explanation:

Understanding Waste Conversion Processes

The question asks about the specific process used to convert various solid wastes, such as
sewage sludge, domestic waste, and agricultural waste, into compost manure. This
conversion is a crucial part of waste management and resource recovery.

Identifying the Correct Process: Vermiculture

Let's examine the given options in the context of converting solid organic wastes into
compost manure:

Sericulture: This is the rearing of silkworms for the production of silk. It is not related to
converting solid waste into compost manure.
Polyculture: This refers to the practice of growing multiple species in the same place
and time. It is an agricultural practice, not a method for waste conversion into compost.
Bio-digester: A bio-digester is primarily used to break down organic matter
anaerobically (without oxygen) to produce biogas (methane and carbon dioxide) and
digestate. While digestate is a byproduct and can be used as fertilizer, the primary
product is biogas, and the process is anaerobic, not typically described as creating
'compost manure' in the common sense of aerobic composting.
Vermiculture: This is the process of using earthworms to decompose organic materials
like food scraps, sewage sludge, and agricultural waste into a nutrient-rich soil
amendment known as vermicompost or vermicast. This material is essentially compost
manure produced through biological action.
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Based on these definitions, Vermiculture is the process that specifically involves converting
solid wastes into compost manure using biological agents (earthworms).

How Vermiculture Converts Waste into Compost Manure

In vermiculture, earthworms consume organic waste materials. As the waste passes through
the earthworm's digestive system, it is broken down and mixed with mucus and microbes.
The excretions of the earthworms, called vermicastings, are rich in nutrients, beneficial
microorganisms, and plant growth-promoting substances. This vermicast is the compost
manure.

Comparing Waste Conversion Methods

Process Primary Function
Output Related to
Compost Manure

Biological Agent (if
any)

Sericulture Silk production Not applicable Silkworms

Polyculture Mixed farming/growing Not applicable
Various
plants/animals

Bio-digester Anaerobic decomposition
Digestate (can be
fertilizer)

Anaerobic bacteria

Vermiculture
Aerobic decomposition
(worm-assisted)

Vermicompost
(compost manure)

Earthworms

Therefore, Vermiculture is the direct biological process described for converting solid wastes
into compost manure.

Revision Table: Key Terms
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Term Definition

Vermiculture Using earthworms to convert organic waste into vermicompost.

Sericulture The cultivation of silkworms for silk production.

Polyculture
Growing more than one crop or species on the same land
simultaneously.

Bio-digester
An anaerobic process to break down organic matter, producing biogas
and digestate.

Compost
Manure

Organic matter decomposed and recycled as a fertilizer and soil
amendment.

Additional Information on Vermicomposting

Vermicomposting, the process carried out during vermiculture, is an efficient way to manage
organic waste. It offers several benefits:

It reduces the volume of waste.
It produces a valuable soil amendment (vermicompost).
Vermicompost improves soil structure, aeration, water retention, and nutrient content.
It helps in suppressing plant diseases and pests.
It is an environmentally friendly method of waste disposal and recycling.

The types of earthworms commonly used for vermicomposting are surface dwellers, like the
red wiggler (Eisenia fetida) or red earthworm (Lumbricus rubellus), which are efficient at
processing organic waste.

89. Answer: b

Explanation:

Understanding Mass Movement and Slump

Mass movement, also known as mass wasting, is the downslope movement of rock, debris,
and earth material under the direct influence of gravity. It is a significant geological process
that shapes landscapes.
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Different types of mass movements are classified based on the type of material, the type of
movement, and the speed of movement. The question describes a specific type
characterized by movement along a curved surface of rupture, involving a coherent body of
material moving relatively slowly or moderately rapidly.

Analyzing the Options for Mass Movement Types

Soil Creep: This is the slowest form of mass movement. It involves the gradual,
imperceptible downslope movement of soil and loose rock debris. Movement is not
along a distinct rupture surface but is a continuous, very slow deformation.
Slump: Slump is a type of mass movement in which a mass of rock or unconsolidated
material slides downward as a unit along a curved surface. The upper part of the
moving mass often tilts backward. The movement can be slow or moderately rapid. This
description perfectly matches the characteristics given in the question: movement
along a "curved surface of rupture" of a "coherent body of rock (or material)" at a "slow
or moderately rapid movement".
Rockslide: A rockslide involves the rapid downslope movement of a mass of rock. This
movement typically occurs along a relatively planar (flat) surface or a series of
interconnected planar surfaces, such as bedding planes, joints, or faults. It is generally
much faster and more destructive than slump.
Earth Creep: This term is often used interchangeably with soil creep, referring to the very
slow downslope movement of earth material. Like soil creep, it does not involve
movement along a distinct, curved surface of rupture.

Why Slump Fits the Description

Based on the definitions, slump is the type of mass movement specifically defined by motion
along a curved failure surface. A block of material remains relatively intact as it moves, often
creating a scarp (a steep slope or cliff formed by erosion or faulting) at the head of the
slump and a bulging toe at the base.

Let's summarize the key characteristics:
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Mass Movement
Type

Speed Surface of Movement
Nature of Material

Movement

Soil Creep / Earth
Creep

Very Slow
No distinct surface
(internal deformation)

Gradual,
imperceptible

Slump
Slow to
Moderately Rapid

Curved surface of rupture
Coherent block moves
as a unit

Rockslide Rapid
Planar or series of planar
surfaces

Mass of rock
fragments

The question explicitly mentions movement along a "curved surface of rupture" and a
"coherent body of rock" with "slow or moderately rapid movement," which aligns precisely
with the definition of slump.

Conclusion

The mass movement described, characterized by movement along a curved surface of
rupture involving a slow or moderately rapid movement of a coherent body of rock or
material, is called slump.

Revision Table: Key Mass Movement Types

Term Description Speed

Mass Movement / Mass
Wasting

Downslope movement of material under
gravity

Variable

Soil Creep Very slow movement of soil/debris Very Slow

Slump
Movement of a coherent mass along a
curved surface

Slow to Moderately
Rapid

Rockslide
Rapid slide of rock along a planar
surface

Rapid

Additional Information: Factors Affecting Mass Movement
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Several factors influence the likelihood and type of mass movement, including:

Slope Angle: Steeper slopes are more susceptible.
Water Content: Water can increase weight, reduce friction, and decrease the cohesion
of materials.
Geology: The type of rock and soil, as well as the presence of faults, joints, or bedding
planes, can affect stability.
Vegetation: Plant roots can help stabilize slopes, but excessive weight from vegetation
can sometimes contribute to failure.
Triggers: Events like earthquakes, heavy rainfall, volcanic activity, or human activities
(like construction) can trigger mass movements.

90. Answer: c

Explanation:

Understanding Production Layouts for Efficient Flow

The question asks about a type of layout specifically designed to ensure the smooth and
efficient flow of materials through the entire production process, from receiving raw
materials to processing and finally, the outward movement of finished goods.

In manufacturing and operations management, the layout of a facility significantly impacts
efficiency, cost, and throughput. Different types of layouts are used depending on the
product type, production volume, and process requirements. The key characteristic
described in the question is the optimization of material flow to achieve smoothness and
efficiency across the entire process chain.

Analyzing the Options for Smooth Material Flow

Let's examine the provided options in the context of a layout focused on the flow of raw
materials to finished goods:

Transport layout: This typically refers to the arrangement of transportation routes or
systems, such as roads, rail lines, or internal transport paths within a facility. While
important for material movement, it describes the transport infrastructure itself, not the
overall production layout encompassing processing.
Organizational layout: This pertains to the structure of departments, teams, and
reporting relationships within an organization. It deals with administrative or hierarchical
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arrangement, not the physical layout of production processes and material flow.
General functional layout: A functional layout (also known as a process layout) groups
similar machines, equipment, or processes together (e.g., all drilling machines in one
area, all painting booths in another). While the term "General functional layout" is not a
standard, universally recognized layout type, within the context of the options, it implies
a layout grouped by function but designed with a focus on the overall flow path
between these functional areas to achieve smoothness and efficiency in moving raw
materials through processing to finished goods. Optimizing flow within a functional
grouping is a critical aspect of designing such a layout effectively.
Utilities layout: This refers to the placement and routing of essential services like power
lines, water pipes, gas lines, etc., within a facility. These are crucial supporting systems
but do not define the layout of the core production process and material flow itself.

Based on the descriptions, the option that best fits a layout designed for smooth and efficient
flow from raw materials through processing to finished goods is related to how the core
production functions are arranged to facilitate this movement. The phrase "General
functional layout," interpreted as a functional grouping optimized for overall process flow,
aligns with the requirement for smoothness and efficiency across the entire production
chain.

Conclusion: Identifying the Optimal Layout Type

The layout type that is specifically designed to ensure the entire process, from receiving raw
materials to processing and outward movement of finished goods, takes place smoothly and
efficiently often implies a layout where the sequence of operations dictates the physical
arrangement, or where functional areas are arranged to minimize material handling and
transit time. Considering the given options, "General functional layout" is presented as the
layout type that fulfills this description by focusing on the arrangement of functional areas to
optimize the overall flow of materials and products.
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Comparison of Layout Concepts

Layout Type Primary Focus Relevance to Question

Transport layout Movement infrastructure
Indirect; not the core production flow
layout.

Organizational
layout

Administrative structure Irrelevant to physical production flow.

General functional
layout

Grouping by function,
designed for flow

Direct; addresses the arrangement for
process efficiency and flow.

Utilities layout
Support services
arrangement

Indirect; not the core production flow
layout.

Therefore, a layout designed for smooth and efficient flow from raw materials, through
processing, to finished goods, as described, corresponds to a layout type that prioritizes the
entire process chain, which is best represented by the concept of a functional layout
optimized for general flow among the given choices.

Revision Table: Key Layout Concepts

Key Layout Types Overview

Layout Type Description Flow Characteristic

Process Layout
(Functional)

Groups resources by
function.

Variable paths, can involve backtracking;
flow efficiency depends on design.

Product Layout
(Line)

Arranges resources in
product sequence.

Smooth, linear, high-volume flow.

Fixed Position
Layout

Product stays put,
resources move to it.

Used for large, immobile products.

Additional Information: Importance of Layout Design

Effective facility layout is crucial for operational success. A well-designed layout can lead to:

Reduced material handling costs.
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Shorter production cycles.
Improved efficiency and productivity.
Better utilization of space and equipment.
Enhanced safety.
Easier supervision and control.
Improved communication.

The choice of layout depends on factors like product variety, production volume, and desired
flexibility. The objective is always to create a physical arrangement that supports the
production process in the most effective way possible, ensuring smooth and efficient flow of
materials and information.

91. Answer: b

Explanation:

Understanding Ceramic Joining Processes Without Firing

The question asks about a method where ceramic raw materials are joined together using a
binder, and crucially, this process does not need high-temperature firing or sintering. Let's
look at the options provided to identify the process that fits this description.

Analyzing the Options for Ceramic Raw Materials Joining

Coating: Coating involves applying a layer of material onto a surface. While some
coatings cure at room temperature, many ceramic coatings, especially functional ones,
require thermal processing like firing or sintering to bond properly to the substrate and
achieve desired properties. This option doesn't universally fit the "no firing or sintering"
condition for joining raw materials.
Cementation: Cementation in the context of materials science, particularly ceramics,
refers to a process where particles are bonded together using a binder that hardens
through chemical reaction or physical processes, often at relatively low temperatures or
even room temperature. Think of how civil engineering cement binds aggregate
particles together without firing. This process uses a binder to create a solid mass from
powdered or granular materials without relying on melting or diffusion at high
temperatures (firing or sintering). This aligns well with the question's criteria.
Enamel: Enamel is a vitreous (glassy) coating that is fused onto a substrate, typically
metal or ceramic, by firing at high temperatures. This process absolutely requires firing
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to melt the enamel and bond it to the base material. Therefore, enamel is not a method
for joining ceramic raw materials without firing.
Slip casting: Slip casting is a traditional ceramic forming technique. It involves creating a
suspension of ceramic powder in a liquid (a "slip") and pouring it into a porous mold.
Water is drawn out, leaving a consolidated layer of ceramic particles. The resulting
shape, called a green body, is then typically dried and fired or sintered at high
temperatures to achieve strength and density. Slip casting is primarily a forming
process, and the final joining and hardening usually requires firing/sintering, which
contradicts the condition in the question.

Why Cementation Fits the Description

Based on the analysis, Cementation is the process among the options where ceramic raw
materials can be joined using a binder that hardens without needing firing or sintering. The
binder acts like a glue, sticking the ceramic particles together through a curing process rather
than high-temperature thermal treatment.

In summary, when joining ceramic raw materials without the need for high temperatures like
firing or sintering, the method relying on a hardening binder is known as cementation.

Revision Table: Comparing Ceramic Processes

Process Primary Function
Requires

Firing/Sintering?
Involves Binder for Joining?

Coating
Applying a
surface layer

Often, but not always,
depending on type

Yes, binder/vehicle used

Cementation
Joining particles
into a solid mass

No (binder cures
instead)

Yes, key component is the
binder

Enamel
Applying a fused
glassy coating

Yes (high temperature
firing)

N/A (fused, not bound as raw
particles)

Slip casting
Forming
complex shapes

Yes (typically after
forming)

Yes (liquid vehicle/binder)
initially, but final consolidation
is firing

Additional Information on Ceramic Binders
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Binders are essential in many ceramic processing steps, including forming and joining. They
provide mechanical strength to the 'green' (unfired) body or help adhere particles together.
Binders used in processes that do not require firing, like cementation, often work through
chemical reactions that cause them to harden or set. Examples can include hydraulic
cements (reacting with water), polymeric binders that cure, or chemical setting agents.

Understanding the role of the binder and the need for thermal treatment (or lack thereof) is
key to differentiating various ceramic processing techniques.

92. Answer: d

Explanation:

Understanding Solubility Limit in Alloy Systems

The question asks about the term that defines the maximum concentration of solute atoms
that can dissolve in a solvent at a specific temperature to form a solid solution within many
alloy systems.

Let's break down the key concepts involved:

Alloy System: A mixture of two or more metals, or a metal and a nonmetal, designed to
have properties that are more desirable than those of the constituent elements.
Solute: The component that dissolves in the solvent.
Solvent: The component in which the solute dissolves.
Solid Solution: A solid-state solution of one or more solutes in a solvent metal. The solute
atoms are dispersed within the crystal structure of the solvent.

Analyzing the Options

We need to identify the term that precisely describes the maximum amount of solute that
can dissolve in a solvent to form a single solid phase (a solid solution) under specific
conditions (like temperature).

1. Equilibrium of alloy: This refers to a state where the phases in the alloy are stable and do
not change over time under constant conditions. While the solubility limit is an
equilibrium concept, "equilibrium of alloy" itself doesn't specifically define the maximum
concentration of dissolved solute.
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2. Free energy: This is a thermodynamic property that helps predict the spontaneity and
equilibrium state of a system. Minimum free energy corresponds to equilibrium, and
solubility limits are determined by free energy principles, but "free energy" is not the
term for the concentration limit itself.

3. System: This is a very general term referring to the specific collection of components
being studied (e.g., the alloy itself). It doesn't define a concentration limit.

4. Solubility limit: This is specifically defined as the maximum concentration of solute that
can dissolve in the solvent to form a single phase (a solid solution in this context) at a
given temperature and pressure under equilibrium conditions. Beyond this limit, a
second phase (either another solid solution, an intermetallic compound, or the pure
solute) will start to form alongside the solid solution.

Determining the Correct Term

Based on the definitions, the term that precisely describes the maximum concentration of
solute atoms that can dissolve in the solvent to form a solid solution at a specific
temperature is the solubility limit. This is a critical concept in understanding phase diagrams
and the behavior of alloy systems.

Term Description

Equilibrium of
alloy

Stable state of phases in the alloy

Free energy Thermodynamic property related to system stability

System The specific alloy or components under consideration

Solubility limit
Maximum concentration of solute dissolving in solvent to form a solid
solution at equilibrium

Therefore, the correct answer is Solubility limit.

Revision Table: Key Concepts in Alloy Systems
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Concept Brief Explanation

Alloy Mixture of metals or metal and nonmetal

Solid
Solution

Solid phase where solute is dissolved in solvent's crystal structure

Solubility
Limit

Maximum solute concentration in a solvent at a given T and P for a single
phase

Phase
Diagram

Graphical representation showing phases present at different temperatures,
pressures, and compositions

Additional Information on Solid Solution Solubility

The solubility limit of a solute in a solvent is influenced by several factors, often summarized
by Hume-Rothery rules for metallic alloys:

Atomic Size Factor: Significant difference (>15%) in atomic radii between solute and
solvent atoms limits solubility.
Crystal Structure: Solute and solvent must have the same crystal structure for unlimited
solid solubility. For limited solubility, similar structures are beneficial.
Electronegativity Factor: Larger differences in electronegativity favour the formation of
intermetallic compounds over solid solutions.
Valency Factor: A metal with lower valency is more likely to dissolve a metal of higher
valency than vice versa.

The solubility limit is typically depicted on phase diagrams as a line or boundary separating
a single solid solution phase region from a region where the solid solution coexists with
another phase.

93. Answer: a

Explanation:

Understanding Molecular Orientation in Materials

The question asks in which material long chain molecules are randomly oriented. Let's look at
the typical structures of the options provided: Plastic, Metal, Diamond, and Coal.
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Structure of Plastic

Most plastics are polymers. Polymers are large molecules made up of repeating structural
units, called monomers, connected by covalent chemical bonds in a long chain. The
arrangement of these long polymer chains determines the properties of the plastic.

In many common plastics, especially amorphous plastics (those without a highly
ordered structure), these long polymer chains are tangled and randomly oriented
relative to each other.
Think of it like a bowl of spaghetti – the strands (polymer chains) are long and
intertwined in a disordered manner.
Even in semi-crystalline plastics, where some regions are ordered (crystalline),
significant portions remain amorphous with randomly oriented chains.

Structure of Metal

Metals have a fundamentally different structure. They are composed of metal atoms held
together by metallic bonds. The atoms are typically arranged in a highly ordered, repeating
three-dimensional structure called a crystal lattice.

Metals do not consist of long chain molecules. They are characterized by a lattice of
positive metal ions surrounded by a 'sea' of delocalized electrons.
The arrangement is highly ordered and not random chains.

Structure of Diamond

Diamond is a crystalline allotrope of carbon. Each carbon atom is covalently bonded to four
other carbon atoms in a rigid, tetrahedral network structure that extends throughout the
crystal.

Diamond has a very strong, ordered three-dimensional lattice structure.
It does not consist of long, distinct molecular chains that are randomly oriented.

Structure of Coal

Coal is a complex material, primarily composed of carbon, hydrogen, oxygen, nitrogen, and
sulfur, formed from ancient plant matter. Its structure varies depending on the type of coal.

Coal has a complex, largely amorphous structure with some crystalline regions.
While it contains large aromatic ring structures, it is not characterized by the long,
flexible, randomly oriented polymer chains that define plastics.
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Comparing the Materials

Let's summarize the typical structures:

Material Primary Structure Molecular Arrangement

Plastic Polymer (long chains)
Often randomly oriented (especially in
amorphous regions)

Metal Metallic lattice Ordered lattice of atoms/ions

Diamond Covalent network lattice Ordered lattice of atoms

Coal
Complex amorphous/crystalline
mix

Not long, random polymer chains

Based on this comparison, Plastic is the material among the options that is characterized by
long chain molecules which are often randomly oriented.

Revision Table: Material Structures

Material Type
Key Structural

Feature
Molecular Orientation

Plastic (Polymers)
Long molecular
chains

Often random (amorphous regions) or
aligned (crystalline/oriented regions)

Metals
Atomic lattice
(metallic bonding)

Highly ordered

Covalent Network
Solids (like Diamond)

Extended covalent
lattice

Highly ordered

Coal
Complex mix of
carbon structures

Mostly disordered, not defined by long
random chains

Additional Information on Polymer Structure and Orientation

The orientation of polymer chains in plastics can significantly affect their properties:
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Amorphous Polymers: Chains are randomly tangled. These plastics are often
transparent and become soft gradually when heated. Examples include polystyrene
and PMMA.
Crystalline Polymers: Chains are folded and packed into ordered structures called
lamellae, which form larger spherulites. However, there are still amorphous regions
between these crystals where chains are less ordered. These plastics are often opaque
and have a sharper melting point. Examples include polyethylene and polypropylene.
Orientation: The chains in plastic can be deliberately aligned through processes like
stretching or extrusion. This process, called orientation, makes the plastic stronger in the
direction of alignment. However, the base state for many unprocessed plastics, or the
amorphous regions within them, involves a random orientation of chains.

Therefore, the description "long chain molecules are randomly oriented" is characteristic of
the general structure of many plastics, particularly in their unprocessed or amorphous state,
distinguishing them from the ordered atomic or network structures of metals, diamond, and
the complex, non-chain-like structure of coal.

94. Answer: b

Explanation:

Understanding Dis-locations in Crystals: Edge Dislocation
Explained

Dislocations are line defects within a crystal structure. They are essentially irregularities in the
perfect arrangement of atoms. These defects play a crucial role in determining the
mechanical properties of materials, particularly their ability to deform plastically.

Identifying the Specific Dislocation Type

The question asks about a specific type of dis-location characterized by an "extra portion of
a plane of atoms or half plane, the edge of which terminates within the crystal". Let's analyze
what this description means and how it relates to different types of dislocations.

Imagine adding an extra plane of atoms partway into a perfect crystal lattice. This extra
plane causes a distortion around its edge.
This 'edge' where the extra half plane ends is the dislocation line.
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The atoms above the half plane are squeezed together, while those below are pulled
apart.

This exact description corresponds to an edge dislocation.

Characteristics of an Edge Dislocation

An edge dislocation is best visualized by imagining slicing a crystal and inserting an extra
half-plane of atoms. The key characteristics include:

Presence of an extra half-plane of atoms.
The dislocation line is the edge of this extra half-plane.
The lattice distortion around an edge dislocation is primarily compressive above the line
and tensile below the line.
The Burgers vector ( ), which represents the magnitude and direction of the lattice
distortion, is perpendicular to the dislocation line ( ).

Why Other Options Are Not the Correct Dis-location

Screw dis-location: This type of dislocation is caused by shear stress and involves a
helical distortion around the dislocation line. There is no extra half-plane of atoms
involved. The Burgers vector is parallel to the dislocation line.
Mixed dis-location: A mixed dislocation is a combination of both edge and screw
components. While it contains an edge component (and thus an extra half-plane in
some orientation), the pure definition provided in the question specifically matches the
edge dislocation.
Burgers dis-location: The Burgers vector is a fundamental concept used to characterize
the distortion associated with *any* dislocation (edge, screw, or mixed). It quantifies the
lattice distortion but is not a type of dislocation itself.

Based on the defining characteristic of an extra portion of a plane of atoms terminating
within the crystal, the described dis-location is an edge dislocation.

Revision Table: Types of Dis-locations

b

l
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Dis-location
Type

Description Burgers Vector vs. Line

Edge Dis-
location

Extra half-plane of atoms terminates within
crystal

Perpendicular ( )

Screw Dis-
location

Lattice distortion due to shear, forms a helix Parallel ( )

Mixed Dis-
location

Combination of edge and screw
components

Arbitrary angle (
)

Additional Information on Dis-locations and Material
Properties

Dislocations are critical to understanding how materials deform plastically. When a material
is stressed, dislocations can move through the crystal lattice. This movement allows the
material to change shape permanently without fracturing. The ease with which dislocations
can move determines the material's ductility and yield strength. Strengthening mechanisms
in materials often involve impeding the movement of these dis-locations.

Burgers Vector ( )

The Burgers vector is a crucial concept for characterizing dislocations. It represents the
amount and direction of the lattice distortion. To find the Burgers vector, one can trace a
path (Burgers circuit) around the dislocation line in the real crystal lattice and then draw the
same path in a perfect reference lattice. The vector required to complete the circuit in the
perfect lattice is the Burgers vector. For simple crystal structures, the magnitude of the
Burgers vector is typically equal to the distance between adjacent atoms in certain
crystallographic directions.

95. Answer: a

Explanation:

Understanding the Bond Between Water Molecules

⊥b l

∥b l

0 < ∣θ∣ <

90∘

b
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Water is essential for life, and its unique properties are largely due to the special type of bond
that forms between its molecules. Let's look at how water molecules interact with each other.

The Structure of a Water Molecule ( )

A single water molecule consists of one oxygen atom chemically bonded to two hydrogen
atoms. These bonds within the molecule are covalent bonds, formed by the sharing of
electrons.

Oxygen is more electronegative than hydrogen. This means the oxygen atom attracts
the shared electrons more strongly.
This unequal sharing of electrons creates a separation of charge within the molecule.
The oxygen atom gets a partial negative charge ( ), and the hydrogen atoms get
partial positive charges ( ).
Because of this charge separation and its bent shape, a water molecule is polar. It has a
positive end (where the hydrogen atoms are) and a negative end (where the oxygen
atom is).

Interactions Between Water Molecules

When multiple water molecules are close to each other, the positive end of one molecule is
attracted to the negative end of another molecule. Specifically, the partially positive
hydrogen atom of one water molecule is attracted to the partially negative oxygen atom of a
nearby water molecule.

This specific type of attraction, involving a hydrogen atom bonded to a highly
electronegative atom (like oxygen, nitrogen, or fluorine) being attracted to another
electronegative atom, is called a hydrogen bond.

Why Hydrogen Bonds Fit the Description

The question describes an attraction between the positively-charged hydrogen end of one
water molecule and the negatively-charged oxygen end of another. This perfectly matches
the definition of a hydrogen bond.

Analyzing Other Bond Types

Let's briefly look at why the other options are not correct for describing the bond between
water molecules:

H ​O2

δ−

δ+
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Covalent bond: This involves the sharing of electrons between atoms within a molecule
(like the bonds between oxygen and hydrogen within a single  molecule). It does not
describe the attraction between separate molecules.
Ionic bond: This involves the transfer of electrons between atoms, typically a metal and
a non-metal, resulting in the formation of charged ions that are attracted to each other
(like in ). This does not occur between neutral water molecules.
Metallic bond: This is found in metals and involves a "sea" of delocalized electrons
shared among a lattice of metal atoms. This is irrelevant to the interaction between
water molecules.

Therefore, the bond formed between water molecules due to the attraction between
opposite partial charges is a hydrogen bond.

Bond Type Description Example
Relevant to

Water
Molecules?

Covalent
Bond

Sharing of electrons between atoms
within a molecule.

The O-H bonds in
.

No (describes
bonds within, not
between).

Ionic Bond
Transfer of electrons forming ions;
attraction between opposite ions.

NaCl (Sodium
Chloride).

No.

Metallic
Bond

Attraction between metal ions and
delocalized electrons.

Copper ( )
metal.

No.

Hydrogen
Bond

Attraction between a  H atom
(bonded to O, N, or F) and a lone pair on
a nearby electronegative atom (O, N, or
F) of another molecule.

Attraction
between
different 
molecules.

Yes.

Conclusion on Water Molecule Attraction

The specific attraction described, between the partially positive hydrogen of one water
molecule and the partially negative oxygen of another, is the definition of a hydrogen bond.
These hydrogen bonds are a type of intermolecular force, meaning they occur between
molecules, not within them.

H ​O2

NaCl

H ​O2

Cu

δ+

H ​O2
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Revision Table: Key Bond Types

Bond Name Forms Between Electron Interaction

Covalent
Bond

Typically non-metals Sharing electrons

Ionic Bond Metal and non-metal Transferring electrons

Metallic
Bond

Metal atoms Sea of shared electrons

Hydrogen
Bond

Molecule with H-X ( ) and molecule
with lone pair on Y ( )

Electrostatic attraction
(partial charges)

Additional Information on Hydrogen Bonding in Water

Hydrogen bonds in water are relatively weak compared to covalent or ionic bonds, but they
are numerous and have a significant collective effect. These bonds are responsible for many
of water's unique properties, including:

Its relatively high boiling point.
Its ability to act as a good solvent for many polar and ionic substances.
The expansion of water upon freezing, causing ice to float.
Surface tension.

Each water molecule can form up to four hydrogen bonds with neighboring water molecules,
creating a dynamic, lattice-like structure in liquid water and a more rigid structure in ice.

96. Answer: b

Explanation:

Understanding Material Properties: Energy Absorption

Materials exhibit various properties when subjected to external forces. One important
property is their capacity to absorb energy during deformation. The question specifically
asks about the capacity to absorb energy when deformed elastically and then recover this
energy upon unloading. This property is known as Resilience.

X = O, N, F

Y = O, N, F
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What is Resilience?

Resilience is defined as the ability of a material to absorb energy when deformed elastically
and return to its original shape upon unloading. This means the deformation is temporary
and no permanent change occurs in the material's structure after the load is removed. The
energy absorbed during elastic deformation is stored as strain energy within the material.
When the load is removed, this stored strain energy is recovered, causing the material to
spring back to its initial dimensions.

Resilience is quantified by the area under the elastic portion of the stress-strain curve. The
maximum energy that can be absorbed per unit volume without permanent deformation is
called the modulus of resilience, often denoted as . It can be approximated by:

or for linearly elastic materials, where :

where  is the yield strength,  is the strain at the yield point, and  is the modulus of
elasticity (Young's modulus).

Comparing Options

Let's look at the other options provided and how they differ from Resilience:

Toughness: Toughness is the ability of a material to absorb energy and plastically
deform before fracturing. It represents the total energy absorbed up to the point of
fracture. This includes both elastic and plastic deformation energy. It is given by the
total area under the stress-strain curve up to fracture. Unlike resilience, toughness
involves permanent (plastic) deformation.
Modulus of elasticity: Also known as Young's modulus ( ), this is a measure of a
material's stiffness or resistance to elastic deformation. It is defined as the ratio of stress
( ) to strain ( ) in the elastic region:

. While the modulus of elasticity is related to the elastic behavior, it directly measures
stiffness, not the energy absorption capacity.
Yielding: Yielding is the phenomenon where a material begins to undergo plastic
(permanent) deformation. It is typically characterized by the yield strength, which is the
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stress level at which yielding starts. Yielding is a point or a region on the stress-strain
curve indicating the transition from elastic to plastic behavior, not a measure of energy
absorption or recovery.

Detailed Comparison: Resilience vs. Toughness

It is crucial to distinguish between Resilience and Toughness:

Property Energy Absorbed Deformation Type Energy Recovery
Area under

Stress-Strain
Curve

Resilience
Energy absorbed up
to the elastic limit
(yield point)

Elastic
deformation

Recovered upon
unloading

Area under
the elastic
portion

Toughness
Total energy
absorbed up to
fracture

Elastic and plastic
deformation

Not fully
recovered (only
elastic part)

Total area up
to fracture

Based on the definitions, the capacity of a material to absorb energy when deformed
elastically and recover it upon unloading is precisely what Resilience describes.

Conclusion

The property that describes a material's capacity to absorb energy during elastic
deformation and recover that energy upon unloading is Resilience. This differentiates it from
toughness (total energy to fracture, including plastic deformation), modulus of elasticity
(stiffness), and yielding (start of plastic deformation).

Revision Table: Key Material Properties
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Property Description Related Concept

Resilience
Ability to absorb energy elastically and
recover it.

Modulus of Resilience (energy
per volume at yield)

Toughness
Ability to absorb energy before fracture
(includes plastic deformation).

Fracture Toughness, Impact
Strength

Modulus of
Elasticity

Stiffness; resistance to elastic
deformation.

Young's Modulus, Hooke's Law

Yielding
Point or region where plastic deformation
begins.

Yield Strength, Elastic Limit

Additional Information: Strain Energy and Proof Resilience

The energy absorbed by a material during deformation is generally referred to as strain
energy. Resilience is directly related to the maximum elastic strain energy a material can
store before permanent deformation occurs. Proof resilience is a term sometimes used
interchangeably with the modulus of resilience, referring to the maximum energy stored per
unit volume at the elastic limit.

Materials with high resilience are desirable for applications where the material needs to
absorb energy from impacts or shocks without undergoing permanent deformation, such as
springs, shock absorbers, or certain components in sports equipment.

97. Answer: b

Explanation:

Steel Tensile Test: Calculating Percent Reduction in Area
(Ductility)

This question asks us to determine the ductility of a steel specimen tested in tension,
specifically in terms of percent reduction in area (%RA). Ductility is a material property that
describes its ability to undergo plastic deformation before fracture. Percent reduction in area
is one common way to quantify ductility from a tensile test.
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Understanding Percent Reduction in Area (%RA)

The percent reduction in area measures the degree of necking that occurs during the tensile
test. Necking is the localized reduction in the cross-sectional area of the specimen that
happens after the ultimate tensile strength is reached and before fracture. The formula for
percent reduction in area is:

Where:

 is the original cross-sectional area of the specimen.
 is the cross-sectional area of the specimen at the point of fracture.

For a cylindrical specimen, the area is calculated using the diameter:

So, we can rewrite the %RA formula using the original diameter ( ) and the diameter at
fracture ( ):

Applying the Formula to the Steel Specimen

We are given the following information for the steel specimen:

Original diameter, 
Diameter at fracture, 
Engineering fracture strength = 460 MPa (This value is not needed for calculating %RA).

Let's calculate the squares of the diameters:

Now, substitute these values into the %RA formula:

%RA = ​ ×
A ​0

A ​ − A ​0 f 100

A ​0

A ​f

A = ​

4
πd2

d ​0

d ​f

%RA = ​ ×
​4

πd ​0
2

​ − ​4
πd ​0

2

4
πd ​f

2

100 = ​ ×
d ​0

2

d ​ − d ​0
2

f
2

100

d ​ =0 12.8 mm

d ​ =f 10.7 mm

d ​ =0
2 (12.8 mm) =2 163.84 mm2

d =f
2 (10.7 mm) =2 114.49 mm2

%RA = ​ ×
163.84 mm2

163.84 mm − 114.49 mm2 2

100

%RA = ​ ×
163.84 mm2

49.35 mm2

100
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Comparing with Options

The calculated percent reduction in area is approximately 30.11%. Let's compare this value to
the given options:

Option 1: 25%
Option 2: 30%
Option 3: 35%
Option 4: 40%

Our calculated value of 30.11% is closest to 30%.

Conclusion

Based on the calculation using the original diameter and the diameter at fracture, the
ductility in terms of percent reduction in area for the steel specimen is approximately 30.11%,
which corresponds to 30% when rounded to the nearest option.

Parameter Value

Original Diameter ( ) 12.8 mm

Diameter at Fracture ( ) 10.7 mm

163.84 mm<sup>2</sup>

114.49 mm<sup>2</sup>

Percent Reduction in Area (%RA)

Revision Table: Steel Tensile Test & Ductility

%RA ≈ 0.301135 × 100

%RA ≈ 30.11%

d ​0

d ​f

d ​0
2

d ​f
2

​ ×163.84
163.84−114.49 100 ≈ 30.11%
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Concept Definition Calculation

Ductility
Ability of a material to deform plastically
before fracturing.

Quantified by %EL or
%RA.

Percent Reduction
in Area (%RA)

Reduction in cross-sectional area at fracture
relative to the original area, expressed as a
percentage.

or

Percent Elongation
(%EL)

Plastic elongation at fracture relative to the
original gauge length, expressed as a
percentage.

Additional Information: Ductility and Tensile Properties

Ductility is a crucial mechanical property for many engineering applications, especially those
involving forming operations or structures that might experience unexpected loads. Materials
with high ductility can deform significantly before breaking, providing a warning sign and
absorbing energy.

In a tensile test, ductility is commonly measured by two parameters:

Percent Elongation (%EL): This is the plastic strain at fracture expressed as a percentage.
It's calculated based on the change in the gauge length before and after the test. A high
%EL indicates a material can stretch a lot before breaking.
Percent Reduction in Area (%RA): As calculated in this problem, this measures the
amount of necking. It is often considered a more sensitive indicator of ductility than %EL,
especially for materials that fail shortly after necking begins.

Brittle materials, in contrast to ductile materials like steel, exhibit very little plastic
deformation before fracture. They would have low values of both %EL and %RA.

Other important properties determined from a tensile test include:

Yield Strength: The stress at which plastic deformation begins.
Ultimate Tensile Strength (UTS): The maximum stress the material can withstand before
necking (for ductile materials).
Modulus of Elasticity: A measure of the material's stiffness in the elastic region.

%RA = ​ ×
A ​0

A ​ − A ​0 f 100

%RA = ​ ×
d ​0

2

d ​ − d ​0
2

f
2

100

%EL = ​ ×
L ​0

L ​ − L ​f 0 100
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Understanding these mechanical properties is essential for selecting materials for specific
engineering designs.

98. Answer: c

Explanation:

Understanding Information Sharing with External Companies

The question asks about a specific type of network that allows a company to share some of
its information securely with external entities, such as suppliers, partners, or customers. Let's
look at the options provided to determine which network type fits this description.

Here's a breakdown of the network types mentioned:

Ethernet: This is a technology used mainly for wired local area networks (LANs). It
connects computers and devices within a limited area like an office building. It is not
designed for sharing information specifically with external companies over wide
distances.
Internet: This is a vast, public global network. While companies use the Internet to
communicate and share information publicly (like websites) or through secure
channels (like email), it is not the term for a private network specifically set up to share
*limited* internal company information with *select* external partners.
Extranet: An extranet is a private network that utilizes Internet protocols and public
telecommunication systems to securely share a portion of a business's information or
operations with suppliers, vendors, partners, customers, or other businesses. It is
essentially an extension of a company's intranet but accessible to authorized external
users. This precisely matches the scenario described in the question.
Fibernet: This term usually refers to internet connectivity provided via fiber optic cables,
known for high speed. It describes the physical medium of the connection rather than
the type of network defined by its user access policy (internal vs. external partners).

Based on the definitions, the network designed for enabling external companies to view
certain information of a particular company is an Extranet.
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Network
Type

Who Can Access? Primary Use Case

Ethernet Internal users on a local network
Connect devices within an
office/building

Internet Anyone (public access)
Global communication, public
information sharing

Extranet
Authorized external partners (suppliers,
customers, etc.) and internal users

Secure sharing of specific company
data with business partners

Fibernet
Users with a subscription (refers to
connection type)

High-speed internet access

Therefore, sharing specific company information with external companies securely is known
as using an Extranet.

Revision Table: Key Network Concepts

Term Description

Extranet
A network allowing limited, authorized access to a company's internal network or
data for external partners.

Intranet A private network accessible only to an organization's staff.

Internet A public, global network connecting billions of devices.

LAN Local Area Network; connects devices in a limited area (e.g., office).

Additional Information on Business Networks

Beyond Extranets, Intranets, and the Internet, other network concepts are relevant in a
business context:

Intranet: Think of an intranet as a private, internal website or network accessible only to
employees within a company. It's used for internal communication, sharing company
resources, and collaboration among staff. It uses the same technologies as the Internet
but is restricted to authorized internal users.
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Virtual Private Network (VPN): A VPN creates a secure, encrypted connection over a less
secure network, like the Internet. Companies often use VPNs to allow remote employees
to securely access the company's internal network (intranet) or for secure
communication between different company locations. While a VPN can be part of
implementing an Extranet or accessing an Intranet remotely, it is a method of secure
connection rather than a type of network defined by external sharing itself.

Understanding the distinction between these network types is important for understanding
how businesses manage information access and security for different groups of users, both
internal and external.

99. Answer: a

Explanation:

Understanding Network Access Control and Security Zones

Network security involves controlling who or what can access resources within a network. A
fundamental concept in network security is dividing the network into different security zones
based on trust levels. The most common distinction is between a "trusted network" (like an
internal company network) and an "untrusted network" (like the public internet).

Protecting the boundary between these zones is crucial. A system or group of systems
specifically designed to enforce security policies at this boundary, controlling traffic flow and
access rights, is essential for preventing unauthorized access and protecting internal
resources.

Identifying the System for Perimeter Access Control

The question asks for the term describing a system or group of systems that enforces an
access control policy between a trusted network and an untrusted network. Let's evaluate the
given options:

Perimeter access control: This refers to the security measures and policies applied at
the network perimeter, which is the boundary between the internal, trusted network and
external, untrusted networks. Devices like firewalls are key components of perimeter
access control, enforcing rules about which traffic is allowed to pass between the zones.
This definition aligns perfectly with the description in the question.
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Intrusion monitoring: This involves observing network traffic and system activity to
detect malicious attempts or security policy violations. While related to security,
monitoring is about detection, not directly enforcing access control policy between
networks. An Intrusion Detection System (IDS) or Intrusion Prevention System (IPS) might
be part of a larger security infrastructure but isn't the primary term for the policy
enforcement system at the perimeter.
Interfacing the hardware components: This is a very general term related to connecting
physical computer or network parts. It has no specific meaning in the context of
enforcing security policies between trusted and untrusted networks.
Managing the network privately: This could refer to various aspects of network
administration, potentially including using private IP addresses or managing a private
network. However, it doesn't specifically describe the system that enforces access
control between a trusted internal network and an untrusted external network.

Based on the analysis, the term that precisely describes a system or group of systems
enforcing access control policy between trusted and untrusted networks is perimeter access
control, typically implemented by devices like firewalls.

Solution Summary

The system or group of systems responsible for enforcing access control policy at the
boundary between a trusted internal network and an untrusted external network is known as
perimeter access control. Firewalls are a prime example of technology used for this purpose.

Therefore, the correct option is Perimeter access control.

Revision Table: Network Security Concepts
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Concept Description Role in Network Security

Perimeter
Access
Control

Enforcing security policies at the
boundary of a network (e.g., between
trusted and untrusted zones).

Primary defense line, controlling
traffic flow, preventing
unauthorized access.

Intrusion
Monitoring

Observing network/system activity to
detect malicious behavior or policy
violations.

Detection and alerting for
ongoing or attempted attacks.

Trusted
Network

An internal network where devices and
users are generally considered safe
and authorized.

Area to protect; resources within
this zone require protection from
external threats.

Untrusted
Network

An external network, typically the
internet, where devices and users are
not verified or controlled.

Source of potential threats;
traffic from this zone must be
strictly controlled.

Additional Information: Firewalls and Network Perimeters

A firewall is the most common example of a system used for perimeter access control.
Firewalls examine network traffic passing between security zones and apply rules (policies)
to decide whether to allow, deny, or flag the traffic. These policies are based on criteria such
as source/destination IP addresses, ports, protocols, and sometimes even application-layer
content.

Modern perimeter security often involves more than just a single firewall. It can include a
suite of security devices and systems working together, such as:

Next-Generation Firewalls (NGFW)
Intrusion Prevention Systems (IPS)
VPN Gateways
Web Application Firewalls (WAF)
Secure Web Gateways (SWG)
Email Security Gateways

This collection of defenses constitutes the overall perimeter security strategy, with perimeter
access control being a core function performed at this boundary.
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100. Answer: d

Explanation:

Understanding the e-Governance Evolution Model

e-Governance refers to the application of information and communication technology (ICT)
for delivering government services, exchanging information, communication transactions,
and integrating various stand-alone systems and services.

Over time, e-Governance initiatives typically evolve through several distinct stages. These
stages represent increasing levels of sophistication, integration, and interaction between the
government and its citizens or businesses. Understanding these stages helps in planning
and evaluating e-Governance strategies.

Stages of e-Governance Evolution

Different models propose slightly varying stages, but a commonly accepted and widely
used model outlines the evolution through four main phases. Let's examine the correct
sequence of the e-Governance evolution model.

The widely recognized sequence for the e-Governance evolution model is:

1. Information
2. Interaction
3. Transaction
4. Transformation

Let's look at each stage in detail:

Stage 1: Information (Presence)

This is the most basic stage.
Government agencies establish an online presence, usually through a website.
The primary function is to provide information to the public.
This includes publishing documents, policies, contact information, and static content.
Communication is largely one-way, from government to citizen.
Think of it as an online brochure for the government.

Stage 2: Interaction (Interaction)
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Building upon the Information stage, this phase introduces basic interaction
capabilities.
Citizens can interact with the government online, but usually not to complete entire
processes.
Examples include downloadable forms, email links for contact, simple feedback forms,
or search functions on websites.
Communication becomes two-way, but limited in scope.

Stage 3: Transaction (Transaction)

This stage enables citizens and businesses to complete entire transactions online.
Services that previously required physical visits or mail can now be done over the
internet.
Examples include paying taxes, applying for licenses, renewing permits, or submitting
applications online.
Secure online payment gateways and user authentication are key features of this
stage.
This represents a significant shift towards service delivery efficiency.

Stage 4: Transformation (Integration/Transformation)

This is the most advanced stage, involving fundamental changes in how government
operates.
It often requires the integration of backend systems across different agencies.
The focus shifts from departmental silos to citizen-centric service delivery.
Information and services are seamlessly available, often through a single portal or
point of contact.
This stage aims for greater efficiency, transparency, and sometimes involves redefining
government processes and structures.

Comparing this sequence to the options provided, the sequence "Information, Interaction,
Transaction and Transformation" is the one that follows the commonly accepted e-
Governance evolution model.
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Stage Key Characteristic Example

Information
One-way communication,
publishing static content

Government website with policies
and contact info

Interaction
Two-way communication,
downloadable forms

Contact forms, downloadable
permit applications

Transaction Completing full services online
Online tax payment, license
application submission

Transformation
Integrated services, citizen-centric
processes

Single portal for various
government services

Revision Table: e-Governance Evolution Stages

Stage Name Primary Focus

Information Presence, one-way communication (G2C, G2B)

Interaction Limited two-way communication, forms

Transaction Completing services online, payments

Transformation Integration, seamless service delivery, process change

Additional Information on e-Governance

e-Governance is crucial for modern governments to improve efficiency, transparency, and
accountability. It helps reduce bureaucracy and makes services more accessible to citizens.

While the four-stage model is widely used, some other models might break down stages
differently or emphasize specific aspects like citizen participation. However, the core concept
of moving from simple online presence to integrated online service delivery remains
consistent.

The success of e-Governance implementation depends on various factors including
infrastructure availability, digital literacy of the population, legal and regulatory frameworks,
and strong political will.
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