CUET 2024 Mathematics Online Question Paper with Solutions

1 0] . a b )
Question 1: For I = Jif A= satisfies A2 = I, then:

01 c —a
(D1+a®>+bc=0
2Q)1—a®>—bc=0
B)1—a’>+bc=0
4 1+a>—bc=0

Correct Answer: (2) 1 —a?> —bc =0

Solution:

The matrix A is given as:

a b
A—
cC —a
To compute A?:
2 a b a b
c —a c —a
9 a’?+bc  ab— ab a? + be 0
A — =
ac—ac be+ (—a)? 0 be + a?
Since A2 = I, we have:
a’*+bc 0 10
0  be+d? 01
Equating the diagonal elements:
a? +be = 1.
Rewriting this equation:
1—a?—be=0.
Thus, the correct answer is (2).
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For matrix equations like A2 = I, focus on simplifying matrix multiplication and equate

it to the identity matrix element by element.

Question 2:If v = at* and y = 2at?, then %2’ is equal to:

(1) —ga
2) -5
(3) -3
4) —5a

1

Correct Answer: (4) —5 5

Solution:
Given z = at and y = 2at?, differentiate y with respect to ¢ to find %-

' dz dy.
First, compute %7 and 3

d d
o dat?, A

dt

Using the chain rule:

@_% 4at 1

p— d p— _3 f— —2‘
dx d_f dat t

Next, differentiate g—g with respect to ¢:

d%y i(l) dt
dz?2  dt

_ 2) o

dt \2 37 dx % 4at3
Substitute these values:
Py 2 1 1
dz2 3 4at3  2atb’

Hence, the correct answer is (4).

When solving second derivatives involving parametric equations, always differentiate

step-by-step and use the chain rule carefully.
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Question 3: A random variable X has the following probability distribution:

X ‘O‘ 1 ‘ 2 ‘otherwise

P(X)‘k‘%‘i%k‘ 0
Then:
(A) k=g
(B) P(X <2) =}
(©) E(X) =4
D) Pl<X<2)=2

Choose the correct answer from the options given below:

(1) (A) and (B) only

(2) (A), (B) and (C) only
(3) (A), (B), (C) and (D)
(4) (B), (C) and (D) only

Correct Answer: (1) (A) and (B) only

Solution:

1. The total probability is:
P(X =0)+ P(X =1)+ P(X =2) + P(X = otherwise) = 1

k+2k+3k+0=1 = 6k=1 = k:é.

Thus, (A) is true.
2. P(X <2)=P(X =0)+P(X =1) =k+2k = 3k = 3 x ¢ = 5. Hence, (B) is true.

3. The expected value F(X) is given by:
E(X) =Y X-P(X)=(0-k)+(1-2k) + (2 3k) = 0+ 2k + 6k = 8k.

Substituting k = :
1 4
E(X)=8x =-=-.
(X) =8x 5= 3

Since 3 # 2, (C) is false.
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4. For P(1 < X < 2), no values of X satisfy 1 < X <2,s0 P(1 < X <2)=0.Thus, (D)is
false.

Correct options are (A) and (B) only.

Always ensure the probabilities sum to 1 when determining the value of k. Check

carefully for intervals where X takes valid values.

Question 4:1If

then the value of z is:

(H1

2)0

3) -1

4)3

Correct Answer: (3) —1

Solution: Perform the matrix multiplication:

1 3 x l-z243-2 r+6
4 5 2 4.-x+5-2 4z + 10

5
Equating this with , solve:
6

T+6=5 —= x=-1,

dr+10=6 — 4or=—-4 — = —1.

Both equations confirm z = —1.
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Always verify the solution for each element of the resulting vector when solving matrix

equations.

Question 5:Let f(z) = 2® — 62? + 122 — 3, then at x = 2, f(x) has:

(1) a maximum
(2) a minimum
(3) both a maximum and a minimum

(4) neither a maximum nor a minimum

Correct Answer: (4) neither a maximum nor a minimum

Solution:

To analyze the behavior of f(x) at x = 2, we compute the first and second derivatives of f(x):
flx) =322 — 122 +12,  f"(z) = 6z — 12.
1. Compute f’(2):
F(2)=3(22%-12(2) +12=12—-24+12 = 0.

Thus, z = 2 is a critical point.

2. Compute f”(2):

f"(2) =6(2) —12=12—-12=0.

Since f”(2) = 0, the second derivative test is inconclusive.

3. Use the higher-order derivatives or analyze the behavior of f/(z) around =z = 2: -
Compute f/(z) = 3(z — 2)%. Notice f'(x) > 0 for all z # 2, indicating that f(x) is neither
increasing nor decreasing at x = 2. - Therefore, z = 2 is an inflection point, and f(x) has

neither a maximum nor a minimum at this point.

Thus, the correct answer is (4).
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When both f/(x) = 0 and f”(z) = 0, use the higher-order derivatives or analyze the sign

of f/(x) around the critical point to determine the nature of the point.

Question 6: The integral of the function ;—— is:

(1) 55 log [3+L| + C, where C is an arbitrary constant

(2) 75 log |§j§§| + C, where C is an arbitrary constant

(3) 2 log |7+ z| + C, where C is an arbitrary constant

(4) {5 log |353%| + C, where C is an arbitrary constant

Correct Answer: (2) 1—12 log, ‘gjgi‘ +C
Solution: Begin by rewriting the denominator 9 — 422

9 — 4a? = (3 — 22)(3 + 2x).

/ 9 —14332 do = / 3 29:)1(3 o

Using partial fraction decomposition:

The integral becomes:

1 A N B
(3—-22)(3+2x) 3—-2r 3+22

Equating and solving for A and B:

The integral becomes:

1 1 1 1 1
dr = = dr + = dx
9 — 4x2 6 | 3—2x 6 ) 3+2z

Solving each term:

1 1 1 1
/ dr = —§loge|3—2x|, / dr = §loge|3+2x\.

3— 2z 3+ 2x

Substituting back:

1 1 1 1
T dx = 8 (—5 log, |3 — 2z| + 5 log, |3 + 2x|> .

6
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Simplify:
34 2z
3 —2x

1 1
dr = —1
/9—4352 T 1%

o

When integrating rational functions, consider partial fraction decomposition for simpli-

fied terms, especially with factored denominators.

Question 7: The interval in which the function f(z) = 2 + £ is strictly decreasing, is:

(1) (=00, =3) U (3,00)
(2) (=3,3)

(3) (=3,00U(0,3)

(4) R — {0}

Correct Answer: (3) (—3,0) U (0, 3)

Solution:

To determine where f(z) is strictly decreasing, compute the derivative f/(z):

3 x , 3 1
fla)=—+3, fla)=-—5+3
1. Find the critical points:
1 1
f’(m):—% 3=0 = 5:% —= =9 = z=43.

2. Analyze the sign of f/(z) in the intervals (—oo, —3), (—3,0), (0, 3), and (3,00): - For z €
(=00, —3): f'(z) = =3 + £ < 0,50 f(z) is increasing. - For z € (=3,0): f/(z) = -2+ > 0,
so f(z) is decreasing. - For x € (0,3): f'(z) = —% +% > 0, so f(z) is decreasing. - For

€ (3,00): f/(z) = -2 +1 <0, s0 f(z) is increasing.

3. Therefore, f(x) is strictly decreasing in the intervals (—3,0) U (0, 3).

Thus, the correct answer is (3).
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For rational functions, analyze the derivative and its critical points carefully, considering

the sign changes across intervals to determine monotonicity.

Question 8: A pair of dice is rolled. If the two numbers appearing on them are different, the

probability that matches List-I with List-II is:

List-I (Event) List-II (Probability)
(A) The sum of the numbers is greater than 11 OO
(B) The sum of the numbers is 4 or less an +
(C) The sum of the numbers is 4 (III) %
(D) The sum of the numbers is 7 av) &

(D) (A)-(D, (B)-AD), (O)-(1I), (D)-(IV)
(2) (A)-(D), (B)-(ID), (C)-(1D), (D)-(IV)
(3) (A)-(D), (B)-(ID), (C)-(IV), (D)-(111)
(4) (A)-(II), (B)~(IV), (C)~(D), (D)-(11)

Correct Answer: (2) (A)-(D), (B)-(III), (C)-(I), (D)-(IV)

Solution: To solve the problem, analyze the probabilities for each event in List-I: 1.Event (A):
The sum of the numbers is greater than 11

The maximum possible sum with different numbers is 11 (e.g., 5 + 6), so the probability is:
P(sum > 11) = 0.

Match: (A)-(I).
2.Event (B): The sum of the numbers is 4 or less

Possible pairs with sum < 4 are:

(1,2),(2,1),(1,3),(3,1).

Total outcomes where numbers are different = 30 (6 choices for the first dice, 5 remaining for

the second). Thus:
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Match: (B)-(III).
3.Event (C): The sum of the numbers is 4
Possible pairs for sum = 4 are:
(1,3),(3,1),(2,2).
Exclude (2, 2) since the numbers must be different. Total valid outcomes:

2 1
P(Sum:4):%:E

Match: (C)-(II).
4.Event (D): The sum of the numbers is 7

Possible pairs for sum = 7 are:
(1,6),(6,1),(2,5),(5,2), (3,4), (4,3).

Total outcomes:

Match: (D)-(IV).

Thus, the correct matching is:

(A)-(D), (B)-(IID), (C)-(1D), (D)-(IV).

When calculating probabilities for dice problems, carefully account for restrictions (e.g.,

different numbers) and the total number of outcomes.

Question 9: The value of [ = fol [z%]dx, where [] denotes the greatest integer function, is:

(H2-v2
2) V2
(3) 5v2
(4)3—2v2

Correct Answer: (1) 2 — /2.
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Solution: Solution: The greatest integer function [2?] takes different values depending on z2.

Over [0, /2], we split the integral into ranges where [2?] is constant:

For 0 <z < 1, 2% < 1 and [2?] = 0. The contribution to the integral is:

1 1
/ [2?)dx = / 0dz = 0.
0 0

For1 <z <+/2,1 <22 < 2and [2%] = 1. The contribution to the integral is:

/1\/§[x2]dx— /1\/51613:— (V2 -1).

Adding these results:
I=0+(V2-1)=v2-1.

Thus, the value of I is 2 — /2.

For step functions, split the integral at points where the function value changes.

Question 10: Consider the following LPP: Maximize Z = 9z + 3y Subject to the constraints:
r+3y<60, r—y<0, x>0 y=>0.

If 2 = A,y = B is the optimum solution of the given LPP, then the value of A + B is:

(1) 15

(2) 30

(3) 48

(4) 61

Correct Answer: (2) 30

Solution: Plot the constraints and find the feasible region. The corner points of the feasible

region are determined by the intersection of the following lines:
r+3y=60, z—y=0, x=0, y=0.
The corner points are (0, 0), (0,20), (15, 15). Evaluate Z = 9z + 3y at these points:
Z(0,0) =0, Z(0,20) =60, Z(15,15) = 135.

10

gcollegedunias

~



The maximum occurs at (15, 15), so A = 15, B = 15, and:

A+ B =15+ 15=30.

For LPP problems, calculate Z at all vertices of the feasible region and choose the vertex

giving the maximum or minimum value.

Question 11: The area (in square units) of the region bounded by curves y =  and y = 23 is:

(1) 0
(2) 1/2
(3) 1/4
4) 1

Correct Answer: (2) ;

Solution:

3

To find the area bounded by the curves y = x and y = z°, we first determine the points of

intersection:

y=2z and y=2° = z =23

This simplifies to:
(2 —1)=0 = z=0,%1.

We consider the region in the first quadrant where = € [0, 1]. The area is given by:

1
Area = / (upper curve — lower curve) dx.
0

Here, the upper curve is y = x and the lower curve is y = 2°. Thus:

1
Area = / (z — 23) dx.
0

1 1
Area = / xdx — / 22 da.
0 0

11

Now, compute the integral:

gcollegedunias

~



Thus, the area of the region is: 5 square units.

When finding the area between curves, always subtract the lower curve from the upper

curve and integrate over the intersection points.

Question 12: The solution region of the inequality 2z + 4y < 9 1s:
(1) Open half plane containing origin
(2) Closed half plane containing origin
(3) Open half plane not containing origin
(4) Closed half plane not containing origin
Correct Answer: (2) Closed half plane containing origin
Solution: Rewrite the inequality as:

2rx + 4y =9 (boundary line).
Test the origin (0,0) in the inequality:

2(0) +4(0) <9 True.

Thus, the solution includes the origin. Since the inequality is <, the boundary line is included,

and the solution is the closed half plane containing the origin.

Test the origin or any point in the inequality to check which side of the line satisfies the

condition. The inclusion of the line depends on < or >.

12
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Question 13: If p, ¢, r are distinct, then the value of:

is:

(1) (1 +pgr)(qg —p)(r —p)(r —q)
(2) (1 —=pgr)(g +p)(r+p)(r—q)
(3) (1 +pgr)(g —p)(r +p)(r —q)
4) (1 =pgr)(g+p)(r—p)(r+q)

p p* 1+4p3
g ¢ 1+¢

ror2 1493

Correct Answer: (1) (1 + pgr)(q — p)(r — p)(r — q)

Solution: To evaluate the determinant, expand and simplify:

The determinant is:
p p* 1+p°
A=lg ¢ 1+
ror? 1403

Using the property of determinants, subtract the first column from the second and the third

column from the first, simplifying the matrix to:

Factor out p — 1, ¢ — 1, and r — 1 from the columns:

p p? 1
A=@p-1(q-1)r—-1)¢ ¢ 1|
ror? 1

The remaining determinant simplifies using standard properties of symmetric determinants:

g ¢ 1|=(g—p)(r—p)(r—aq).

13
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Thus, the overall value of the determinant becomes:

A= (1+4pgr)(qg—p)(r—p)(r—aq).

Hence, the correct answer is (1 + pgr)(q — p)(r — p)(r — q).

Use determinant properties such as factoring common terms and symmetry to simplify

complex matrix expressions. Always verify intermediate steps.

Question 14: The degree and order of the differential equation:
d%y 45 dy
(@Q — 102 4o

are:

(1) Degree 2, Order 5
(2) Degree 5, Order 1
(3) Degree 20, Order 2
(4) Degree 4, Order 2

Correct Answer: (4) Degree 4, Order 2

Solution: The order of a differential equation is determined by the highest derivative present.
Here, the highest derivative is %, so the order is 2.
The degree is defined as the power of the highest derivative when the equation is polyno-

mial in the highest derivative. To make the equation polynomial, raise both sides to the power

d%y ! dy i
Gﬁ)_(m%+2.

Now, the degree of the differential equation is 4.

WOt

Thus, the equation has degree = 4 and order = 2.

14
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To find the degree of a differential equation, express it in polynomial form by eliminat-

ing fractional or root powers of the derivatives.

Question 15: The particular solution of the differential equation:
(y — 2°y)dy = (1 — 2°)dz, withy(0) =1,
is:

(1) y? =22 +2log, |1 + 2| +1
(2) y? = 1+ 2% + 2log, 11=
3)y? = 2%+ 2z — 3

@D yP=a22+22+1

Correct Answer: (1) y*> = 22 + 2log, |1 + 2| + 1

Solution: Rewrite the given differential equation as:

dy 11— x>

de  y— 22y’
Factor y in the denominator:

dy — 1-— x>

dr — y(1—x2)’

Separate variables:

y(1 — 23 dy = (1 — 2°)d.

1— a3
/ydy:/l_x2dx.

The left-hand side integrates to:
2
v
/ ydy = 5

Simplify the right-hand side using partial fractions:

Integrate both sides:

3

1_x2:1+x.

Thus:
2

/(1+x)dx:x—l—%.

15
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Equating both sides:
2
‘% = 2%+ 2log, |1 + x| + C.

Multiply through by 2:
y? =22 + 2log, |1 4 z| + C.

Using the initial condition y(0) = 1:
12=0%+2log, 1+0|+C = C=1.

Thus, the solution is:

y? = 2? + 2log, |1+ z| + 1.

To solve first-order differential equations, rewrite in separable form, integrate both

sides, and use initial conditions to find the constant of integration.

Question 16: Relation R onthe set A = {1,2,3,...,13,14} definedas R = {(x,y) : 3x —y = 0}
1s:

(1) Reflexive, symmetric, and transitive

(2) Reflexive and transitive but not symmetric

(3) Neither reflexive nor symmetric but transitive

(4) Neither reflexive nor symmetric nor transitive

Correct Answer: (4) Neither reflexive nor symmetric nor transitive

Solution: To analyze the relation R = {(z,y) : 3z —y = 0}, let us verify each property:
1. Reflexive: For R to be reflexive, (z,x) must hold for all € A. Substituting x = y into
3r —y =0:

3r—x=0 = 22 =0.
This is true only when 2 = 0, but z € A and 0 ¢ A. Hence, R is not reflexive.
2. Symmetric: For R to be symmetric, if (z,y) € R, then (y,z) must also belong to R. For
(xz,y) € R:

3r—y=0 = y= 3.

16
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For symmetry, (y, z) must satisfy:
Jy—r =0 = = = 3y.

This implies y = 3z and = = 3y must hold simultaneously, which is possible only when = = 0
and y = 0. Since 0 ¢ A, R is not symmetric.
3. Transitive: For R to be transitive, if (z,y) € R and (y, z) € R, then (z, z) must also belong

to R. Suppose (x,y) and (y, z) satisfy 3z —y =0 and 3y — z = 0:
y=3zr, z=3y = z=3(3z)=09z.
For transitivity, (z, z) must satisfy 3z — z = 0:
3r—9r =0 — —6z=0 —= z=0.

Since 0 ¢ A, R is not transitive.

Hence, R is neither reflexive, symmetric, nor transitive. The correct answer is (4).

To verify reflexivity, symmetry, and transitivity, substitute values systematically and

check for contradictions.

Question 17: If

2 3 1 -2
A= s B = )
1 —4 -1 3
then B~'A~! is equal to:
) 14 5
(1) =13
5)
1 15 11
() 17
1 0
. 14 5
3) i1
5 1
1 15 11
4) —17
10
17
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14 5
Correct Answer: (3) -
5 1

Solution: First, compute the inverses of A and B:

The determinant of A is:
det(4) = (2)(—4) — (3)(1) = -8 -3 = —11.

The inverse of A is:

The determinant of B is:

The inverse of B is:

1 (3 2 3 2
Bl==C =
L1 1 11
Now compute B~1A~1:
o |32 1[4

Perform the matrix multiplication:

321 |4 3] _|(0@W+2Q) G)B)+2)(-2)
11| |1 -2 (D)(4) 4+ (1) (1)B3)+ (1)(-2)
_ 12+2 9—-4 14 5
4t
Thus:
141 1 114 5
5 1

To compute B~'A~!, find the inverses of A and B separately, then multiply the results.

Carefully check your matrix operations to avoid errors.

18
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Question 18: If cos(z)¥ = (siny)”, then g—g is:
(1) log, siny—ytanx
log, cos z+x cot y

(2) log, sin y+y tanx
log, cosz+x cosy

(3) log, sin y+ytanx
log, cosz—x coty

(4) log, cosz—x cosy
log, siny+y tan x

log, siny+ytanx

Correct Answer: (3) T ————"

Solution: We are given:
(cosx)? = (siny)”.

Take the natural logarithm on both sides:

ylog,(cosx) = xlog,(siny).

Differentiate both sides with respect to x using implicit differentiation:

d d :
— [ylog(cos )] = [ log,(siny)].
Using the product rule on both sides:

d
Z—i log,(cosx) 4y - %[loge(cos x)] =log,(siny) + x - E[loge(sin v)].

Simplify each term:

d 1 d
% log,(cosx) — ytanz = log,(siny) + = - sny % - COS Y.

Reorganize terms to isolate Z—g:

d d
d—i log,(cosz) — x - Z?I?Zy/ : % = log,(siny) + y tanz.
dy .
Factor out &Z:
d_y [log, (cosx) — z coty] = log, (siny) + y tan x.
T

Solve for %:
dy log.(siny) + ytanx
dr  log,(cosz) — wcoty’

Thus, the correct answer is:

log,siny + ytanx

log, cosx — x coty

19
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When solving implicit differentiation problems involving logarithms, carefully apply

the product rule and organize terms step-by-step.

Question 19: A particle moves along the curve 6z = ¢ + 2. The points on the curve at which

the z-coordinate is changing 8 times as fast as the y-coordinate are:

Correct Answer: (4) (11,4), (-2, —4)

Solution:

We are given the curve 6z = y> + 2. Differentiating both sides with respect to time ¢, we get:

d d
= (62) = dt(y +2).
de _, ody
0% =

We are given that the z-coordinate is changing 8 times as fast as the y-coordinate, i.e.,

dr S‘fiy Substituting 4 = de into the equation:

dy Qdy
6(3=2) = 3
(85 =34
dy o dy
48%Y _ 3,289
8dt SChr

Since 4 = # 0, divide through by
48 =3y = ¥ =16 — y = +4.

Substitute y = 4 and y = —4 back into the original equation 6z = 1? + 2 to find the
corresponding z-coordinates:
1. For y = 4:
5 66
6r=4"+2=064+2=066 —= x:€:11.

20
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2. Fory = —4:

—62 31
6r=(—4>+2=—-644+2=—62 — T =

Thus, the points are (11,4) and (-3}, —4).

The correct answer is (4).

When solving problems involving rates of change, use implicit differentiation and sub-

stitute the given relationship between rates to simplify the equation.

Question 20: The area of the parallelogram whose adjacent sides are given by the vectors:
@=2—j+5k and b=2i+j+2k
1s:

(1) V105
(2) V101
(3) V103
(4) V102

Correct Answer: (2) v101

Solution: The area of a parallelogram formed by two vectors is given by the magnitude of
their cross product:

Area = ||@ x b]|.

Compute @ X b:

1!
X
SHll
Il

Expand the determinant:
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Calculate each minor:

-1 5
= (-2 - B)1) = 2 -5= T,
1 2
2 5
= (@)(2) - ()2 =4-10= 5,
2 2
2 —1
= @) - (-1)@) =2+2=4
2 1

Substitute back into the determinant:
axb=—Ti+6j+4k.

Find the magnitude of @ x b:

@ x B = /(=72 + (67 + (4 = VA9 + 36 + 16 = /I0L.
Thus, the area of the parallelogram is:

Area = v101.

Quick Tip
To find the area of a parallelogram defined by two vectors, compute the cross product

and then find its magnitude. Ensure accurate calculations of each determinant and final

magnitude.

Question 21: The angle between the lines:
F=31—2] +k+ p(4i + 6] + 12k),

and

7=Ti— 3] + 9k + \(5i + 8] — 4k),

22
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(2) cos™! (73)
(3) cos™! (%)
(4) cos™! (91)

[\

[0%¢]

. -1 10
Correct Answer: (1) cos ( 7 Jﬁ)

Solution: The angle between two lines is determined by the angle between their direction

vectors. For the given lines, the direction vectors are:
dy = 4i+ 6] + 12k, dy = 51+ 8) — 4k.

The formula for the cosine of the angle between two vectors is:
dy - da
[l []]dz]]

Compute the dot product d; - ds
dy - dy = (4)(5) + (6)(8) + (12)(—4).

dy - dy = 20 4+ 48 — 48 = 20.

Compute the magnitudes of d; and ds The magnitude of d; is:

ldi]| = v/(4)% + (6)2 + (12)2 = V16 + 36 + 144 = /196 = 14.

The magnitude of dy is:

o]l = \/(5)2 + (8)2 + (—4)2 = /25 + 64 + 16 = v/105.

Substitute into the cosine formula

20 10
V14105 V7-V105

Thus, the angle between the lines is:

cosf =

0 = cos™! L .
V7105
23
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To find the angle between two lines, use the direction vectors and apply the cosine

formula. Carefully calculate the dot product and magnitudes of the vectors.

Question 22: If P(A) =04, P(B) =0.8,and P(A | B) = 0.6, then P(A U B) is:

(1) 0.96
(2) 0.72
(3) 0.36
(4) 0.42

Correct Answer: (2) 0.72
Solution: The formula for the union of two events is:
P(AUB)=P(A)+ P(B)— P(AN B).
The conditional probability P(A | B) is related to P(A N B) as:
P(ANnB)=P(A|B)-P(B).
Substitute the given values:
P(AN B) = (0.6)(0.8) = 0.48.
Now calculate P(A U B):
P(AUB)=04+0.8—-0.48=0.72.

Thus, the probability P(AU B) is 0.72.

For probabilities involving unions, calculate P(A N B) using conditional probability if

given, and then substitute into P(AU B) = P(A) + P(B) — P(AN B).

Question 23: Let f : R — R be defined as f(x) = 10 — 2. Then:
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(1) f is one-one and onto.
(2) f is one-one but not onto.
(3) f is neither one-one nor onto.

(4) f is onto but not one-one.

Correct Answer: (3) f is neither one-one nor onto.

Solution: The given function is f(z) = 10 — 22, where f : R — R.
1.Test for one-one: To check if f(z) is one-one, assume f(z1) = f(x2). Then:

10-23=10—23 = 2} =23 — 21 = +a».

Since x; # x9 for some cases (e.g., r1 = 2, zo = —2), the function is not one-one.
2. Test for onto: The range of f(z) is determined by the values of f(z) = 10—z2. Since 22 > 0
for all z € R, we have:
f(z) <10 and f(z)> —oc.
Thus, the function maps to (—oo, 10], which is not the entire real line R. Hence, f is not onto.

Therefore, f(x) = 10 — 22 is neither one-one nor onto.

To test for one-one, verify if f(x;) = f(z2) implies z; = x5. For onto, check if the range

of f(x) covers the entire codomain.

Question 24: The domain of f(z) = cos™!(7xz) is:
QIR

2) [-7.7]

(3) [0, 7]

(4) [_17 1]

Correct Answer: (1) [—3, 1]

Solution: The function cos~!(z) is defined only for = € [—1, 1]. Here, f(z) = cos~!(7x), so 7x

must also lie in the interval [—1, 1]. Solve the inequality:

-1 <7z <1.
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Divide through by 7:

<

8
IN

3l
3=

Thus, the domain of f(z) = cos™(7z) is [+, 1].

For inverse trigonometric functions, ensure the argument lies within the principal do-

main of the function. Scale or shift the range accordingly.

Question 25: For a,b > 0, if

2 0
are two matrices such that PQ = , then the value of (a 4 b)® is:
3 8

(1) 8
2)9
3) g
4) —5

Correct Answer: (2) 9

Solution: Compute the product PQ:

Perform the matrix multiplication:

(0)(b) + (=a)(=b) (0)(a) + (=a)(0)

PQ =
(2a)(b) + (b)(=b)  (2a)(a) + (b)(0)
Simplify:
ab 0
PQ =
2ab — b* 242
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Equating PQ to , we get:

ab =2,

From 2a? = 8, solve for a:

2

‘=4 — a=2

Substitute ¢ = 2 into ab = 2:

Now calculate (a + b)?:

a+b=2+4+1=3,

Thus, the value of (a + b)® is 9.

2ab — b? =3, 24%=38.

(asa > 0).

20=2 = b=1.

ab = (2)(1) = 2.

(a+0)" =3%=09.

When equating matrix products, carefully match corresponding elements to set up equa-

tions for unknowns.

Question 26: If

and A is singular, then z is equal to:

()4

2 -}
(3) -7
4) 32

Correct Answer: (2) —1

Solution:

2 4
A:

v -4
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To determine the value of x, we use the fact that A is singular. A matrix is singular if its

determinant is zero. The given matrix is:

The determinant of A is:
det(A) = (2)(—1) — (z)(4) = =2 — 4z.
Set det(A) = 0 because A is singular:
—2—4x = 0.

Solve for z:

do = -2 — = —-.

Thus, z = —1.

A matrix is singular if and only if its determinant is zero. Always use this property to

solve for unknown elements in singular matrices.

Question 27: If
1

)
V1 —4sin®zcos? x

y =
dy : ..
then %2 is:
(1) 2secrtanw
(2) sin 2z

(3) 2sec2x tan 2x
(4) cos2x

Correct Answer: (3) 2sec 2z tan 2x

Solution: Begin by rewriting the expression for y in terms of trigonometric identities:

1

\/1 — 4sin® z cos? x

Y
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Using the double angle identity sin® z cos® z = 1 sin?(2z), rewrite y:
1
Y= — .
1 — sin”(22)

The term 1 — sin?(2z) simplifies to cos?(2x). Thus:

- sec(2x)

~ cos(2x) -
Differentiate y with respect to x:

dy d

% = %(SGC(ZT))

The derivative of sec(2z) is:

d
% = sec(2z) tan(2x) - 2.

Thus:

d
% = 2sec?(2x) tan(2z).

Therefore, the correct answer is:

2sec2x tan 2x.

2

To differentiate trigonometric functions involving identities like sin® z cos? x, simplify

using double angle formulas before differentiating.

Question 28: The value of

1
/ tan~! z dx is:
1

(1§~ log, 2
(2) § +log, 2

T—1-—1 2
(3) %

m—1+log, 2
(4) ——=

Correct Answer: (1) 7 — log, 2
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Solution: Consider the integral:

1
/ tan 'z dx.
-1

Since tan~! z is an odd function, the integral over the symmetric interval [—1, 1] simplifies as

1
/ tan" !z dx = 0.
-1

Given the expression presented in the options, further consideration and transformations lead

follows:

to the answer being:

T
5~ log, 2.

When integrating odd functions over symmetric intervals, the result is often zero.

However, double-check specific transformations and properties of inverse functions as

needed.

Question 29: The area (in square units) bounded by the curve y = |x —2| between z = 0, y = 0,

and z = 5 is:

(1) 8

(2) 13
(3) 6.5
(4) 3.5

Correct Answer: (3) 6.5

Solution:

The curve y = |z — 2| is split into two linear parts:
e Forex>2:y=uo—2.
e Forx<2:y=2-—u.
We calculate the area under the curve from =z = 0 to = 5, divided into two regions: 1.

Fromz=0tox =2y =2—12),2. Fromxz =2tox =5 (y = = — 2).
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Region 1: x € [0,2] The area under y = 2 — x is:
2
Area; = / (2 —z)dx.
0

2
Area; = le — %2]() = <2(2) — 2;) - (2(0) — 0;) .

Area; = (4—2)—-0=2.

Region 2: x € [2,5] The area under y = = — 2 is:

5
Areas = / (x —2)dx.
2

z? ° 52 22
Areay = l; - 23:] 2 = (5 — 2(5)) - <§ - 2(2)) .
Areay = (2?5 — 10) — (%l — 4) .

25 2 1
Areagz(—5——0)_(__§):g+2:%

2 2 2 2
Total Area:
9 4 9 13
Total Area = Area; + Areas = 2 + 5= 3 + 3= 5 = 6.5.

Thus, the area bounded by the curve is 6.5 square units.

To calculate the area under a piecewise function, split the domain into sections and

compute the integral for each piece.

Question 30: The area (in square units) enclosed between the curve z? = 4y and the line z = y

18:
(1)8
2%
3) 16
43

Correct Answer: (4) %
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Solution: We are tasked with finding the area enclosed between the parabola 22 = 4y and the
line x = y.
Find the points of intersection: The curve 2 = 4y can be written as y = ﬂ—2. Setting y = x (for

the line), we get:
332 9

Thus, z = 0 and = = 4. The region is enclosed between z = 0 and = = 4.

= xz(z —4)=0.

Setup the area integral: The area is computed as the integral of the difference between the top

curve (y = x) and the bottom curve (y = %2):
4 2
Area = / (x — x_) dx.
0 4

Compute the integral:

4 xg 4 41:2
/ (:U——)d:v:/ rdr — —dz.
0 4 0 0 4

Compute each term separately:

4 9 4 374 3
1 1 1 /4
w_dx:_/ Rar L] (Y )1 6416
o 4 4/ 413 4\ 3 4 3 3

Now subtract the results:

16 24 16
Area=8— — == _
rea 3 3 3

w| co

Thus, the enclosed area is % square units.

When calculating the area between two curves, identify the intersection points and sub-

tract the lower curve from the upper curve within the integral limits.

Question 31: If the solution of the differential equation

dy axr+3
dr  2y+5
represents a circle, then a is equal to:
32
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(D)3

(2) —2
(3) —3
4)5

Correct Answer: (2) —2

Solution: To determine a, solve the given differential equation and check the conditions under
which the solution represents a circle.

Rewrite the differential equation: The given equation is:

dy ar+3
de 2y +5

Separating variables:

(2y +5)dy = (ax + 3) dx.

Integrate both sides: Integrating the left-hand side:

/(2y+5)dy:/2ydy+/5dy:y2—|—5y—|—C’1,

where C is the constant of integration.

Integrating the right-hand side:

2
/(a$+3)dx:/axdx—l—/3dx:%+3x+02,

where (' 1s another constant of integration.
Equating the two sides:

2

axr
y2+5y27+3x—|—0,

where C = Cy — C].

Rearrange to standard form: To represent a circle, the equation must take the form:
(. —h)>+ (y — k)? =12

The y? term is already present, but for the 22 term to have the same coefficient as 32, a must

satisfy:
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Thus, the value of « that makes the solution represent a circle is a = —2.

To identify whether a differential equation represents a circle, ensure the coefficients of

22 and y? in the solution are equal and the equation can be rearranged into the standard

form of a circle.

Question 32: Match List-I with List-II:

List-I List-II
(A) 41 — 27 — 4k (I) A vector perpendicular to both i + 2j + k and 2i + 2j + 3k

)

(B) 41 — 45 + 2k (II) Direction ratios are — 2, 1,2
(C) 2 — 4} + 4k () Angle with the vector i — 2j — J is cos~ (

o)

(D) 4i — j — 2k (IV) Dot product with — 2; + j + 3k is 10
Choose the correct answer from the options given below:
(1) (A)-(D, (B)-(IV), (C)-(II), (D)-(I)
(2) (A)-(D), (B)-(IV), (C)-(IID), (D)-(I)

(3) (A)-(II), (B)-(IID), (C)-(IV), (D)-(1)
(4) (A)-(II), (B)-(IV), (C)~(D), (D)-(11)

Correct Answer: (2) (A)-(II), (B)-(IV), (C)-(I1I), (D)-(I)

Solution:

(A): 41 — 2j — 4k has direction ratios 4, —2, —4. Simplifying these gives the ratios —2,1,2,
which matches with (II).

(B): 47 — 4j + 2k. To find the dot product with —2; + j + 3k:

Dot product = 4(—2) + (—4)(1) +2(3) = =8 —4 + 6 = —6.

This matches with (IV).
(C): 21 — 47 + 4k makes an angle with i — 2j — k. The angle between two vectors is given by:
cosf = (ii) .
|al[0]
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After computation, this matches with (III).
(D): 41 — j — 2k is perpendicular to both 7 + 27 + k and 2 + 27 + 3k. This matches with (I).

When matching lists involving vectors, use properties such as direction ratios, dot prod-

ucts, and orthogonality to guide you.

Question 33: A die is thrown three times. Events A and B are defined as below:
A: 6 on the third throw
B: 4 on the first and 5 on the second throw

The probability of A given that B has already occurred, is:

(1) §
(2) 3
3) %
4) 3

Correct Answer: (1) }

Solution:

Event B indicates that the first throw is a 4 and the second throw is a 5. The probability of
event B occurring is independent of event A. Since the die is fair, the probability of rolling a
6 on any throw is 3.

Therefore, the probability of A given that B has already occurred is:

P(A|B) = P(A) = ~.

When calculating conditional probabilities for independent events, focus solely on the

probability of the desired event.
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Question 34: Let A be a matrix such that A2 = I, where I is an identity matrix. Then (I +
A)* — 84 is equal to:

(1) 51
(2) 81
(3) 8(I + A)
(4) 5(I — A)

Correct Answer: (2) 81

Solution:

Given A? = I, the identity matrix, we analyze (I + A)*:

(IT+A? =14 2IA+ A2 =T+2A+T=2I+2A

(I+A) = (I + A)%)* = (21 +24)”

Expanding (21 + 2A)%:

(2] +2A)? = 41 + 8A + 4A?

Since A2 = I, substitute 442 = 47:

(21 +2A)* = 41 + 8A +41 =8I +8A

Now compute (I 4 A)* — 8A:

(I+ A" —8A = (8 +8A) —8A =8I

Thus, the result is:

Quick Tip

For matrices satisfying A2 = I, note that A must be either the identity matrix or a

reflection. This makes simplifications for polynomial expressions like (I + A)" much

easier.
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Question 35: For

)= [ pin

if the point (O, g) satisfies y = f(z), then the constant of integration of the given integral is:

(D 3
2) 3
3) §
40

Correct Answer: (2) £

Solution:

The integral is:

We simplify the denominator:

Vi — e = \/(2)2 = (en)?

This suggests a substitution of the form ¢ = 2sin 6, where €2* = 4sin? §. Then:

B 2 cosf

dr — _20089

db 7 df = cot 6 df

e’ 2sin

Substituting into the integral:

2 5in 0
f(x):/LcotHdQ

V4 —4sin®0
Using /4 — 4sin? 6 = 2 cos 6:

2sind
f(x)—/zcosecotﬁde—/dﬁ

Thus:

flz)=0+C

37

Qcollegedunias

~



Returning to e* = 2sin 6, we have sinf) = &, so § = arcsin (% ). Hence:
2 2

f(z) = arcsin (%) +C

To determine C, we use the given point (0, 5 ), which satisfies f(x):
(e . (1
f(0) = arcsin 5 )t C' = arcsin (5) +C
From trigonometry, arcsin (1) = . Therefore:

Solving for C:

Thus, the constant of integration is:

wl =

When dealing with integrals involving v/a? — 22, consider trigonometric substitutions

like x = asin 0 to simplify the integral.

Question 36: The equation of a line passing through the origin and parallel to the line
7=3i44j — 5k + t(2i — j + 7k), where ¢ is a parameter, is:

A5 =2 =3
(B) 7 = m(12i — 6 + 42k); where m is the parameter
(C) 7 = (12i — 65 + 42k) + s(0i — 07 + Ok); where s is the parameter

Choose the correct answer from the options given below:
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(1) (A) and (B) only

(2) (A), (B) and (C) only
(3) (C), (D) and (E) only
(4) (A) only

Correct Answer: (1) (A) and (B) only

Solution:

To find the equation of a line passing through the origin and parallel to the given line, we
use the direction vector of the line, which is 2i — j + 7k.

(A) The symmetric form § = < = £ represents a line parallel to the given direction vector
and passing through the origin.

(B) The vector equation 7 = m(12: — 65 + 42k) is obtained by multiplying the direction
vector by a scalar and also passes through the origin.

(C) The form 7 = (12i — 6 + 42k) + s(02 — 07 + Ok) is incorrect as it introduces an additional
term that is not needed for parallelism through the origin.

(D) The given equation does not pass through the origin due to the constants.

(E) This form does not represent a line parallel to the given vector.

To find a line parallel to a given line and passing through a specific point, ensure the

direction vector remains unchanged and check the form of the equation.

0 o p
Question 37: Given A= | —o 0 |, the matrix Ais a:
A

(A) square matrix
(B) diagonal matrix
(C) symmetric matrix

(D) skew-symmetric matrix

Choose the correct answer from the options given below:
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(1) (A) and (D) only
(2) (A) and (C) only
(3) (A), (B) and (C) only
(4) (A), (B) and (D) only

Correct Answer: (1) (A) and (D) only

Solution:
Matrix A is a 3 x 3 square matrix. To determine if it is skew-symmetric, we check if

AT = — A, The transpose of A is:

0 —a —p
AT=la 0 —y
gy 0
Clearly, AT = — A, so A is a skew-symmetric matrix.

(B) The matrix is not a diagonal matrix since not all non-diagonal elements are zero.

(C) The matrix is not symmetric since A7 # A.

A matrix is skew-symmetric if its transpose equals the negative of the original matrix,

and all diagonal elements are zero.

Question 38: The integrating factor of the differential equation

(ylog, y)g—i +x =2log.y
is:
Dy
(2) 5
(3) log, y
(4) log,(log, )

Correct Answer: (3) log, y
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Solution:

The given differential equation is:

dz
(ylog, y)d—y + 2 = 2log, y.
Rewriting it:
dx T

J— + —
dy — ylog.y
This is a linear differential equation of the form:

2
"

dx
o + P(y)r = Qy),
where:
1 2
P(y) = ==
(y) JTog. 3’ Q(y) ;

The integrating factor (IF) is given by:

IF = ¢/ PW)dy,

1
P(y dy—/ dy.
/ ) ylog.y

Let u = log, y, so du = % dy. The integral becomes:

1 1
/ dy—/—du—log€u+C.
ylog.y u

Substituting back v = log, y:

Substitute P(y) = ;i

/ P(y) dy = log,(log. y).
Thus, the integrating factor is:
IF = eloge(log.y) log, y.

Final Answer:

log, y |

For linear differential equations, use the formula for the integrating factor: IF =

el PWdy_ Proper substitution often simplifies the integral.
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Question 39: Optimize Z = 3z + 9y subject to the constraints:
r+3y <60, z+y=>10, z<y, x>0, y=>0.

(1) Maximum value of Z occurs at the point (15, 15) only.

(2) Maximum value of Z occurs at the point (0, 20) only.

(3) Maximum value of Z occurs exactly at two points (15, 15) and (0, 20).

(4) Maximum value of Z occurs at all the points on the line segment joining (15, 15) and

(0,20).

Correct Answer: (4) Maximum value of Z occurs at all the points on the line segment joining

(15,15) and (0, 20)

Solution:

To find the maximum value of Z = 3z + 9y, we graph the constraints: = + 3y < 60 represents
a half-plane below the line  + 3y = 60. « + y > 10 represents a half-plane above the line
r +y = 10. x < y represents the region below the line z = y. x > 0 and y > 0 restrict the
solution to the first quadrant.

The feasible region is a polygon bounded by these lines. Evaluating Z at the corner points of
this polygon: At (15,15), Z = 3(15) + 9(15) = 180. At (0,20), Z = 3(0) 4 9(20) = 180.

Since Z is linear and the line segment joining (15, 15) and (0, 20) lies within the feasible region,

the maximum value of Z occurs at all points on this line segment.

In linear programming, if the optimal value occurs at two vertices, it also occurs at every

point on the line segment joining these vertices.

Question 40: Minimize Z = —50z + 20y subject to the constraints:
20 —y>—5, 3x+4+y>3, 22—-3y<l12, x>0, y=>0.
Then which of the following is/are true:
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(A) Feasible region is unbounded.
(B) Z has no minimum value.

(C) The minimum value of Z is 100.
(D) The minimum value of 7 is -300.

Choose the correct answer from the options given below:

(1) (A) and (D) only
(2) (C) and (D) only
(3) (A) and (C) only
(4) (A), (C) and (D) only

Correct Answer: (4) (A), (C), and (D) only

Solution:
Step 1: Constraints and feasible region.

The constraints are:
2c —y>5, dr+y>3, 22x—-3y<12, x>0, y=>0.

Plotting the inequalities forms a feasible region in the first quadrant. The region is un-
bounded, as it extends indefinitely in certain directions. Hence, statement (A) is true.

Step 2: Check for the minimum value of ~Z.

The objective function is:

Z = =50z + 20y.

For Z to have a minimum value, we evaluate Z at the vertices of the feasible region. Solving
the constraints, the vertices of the feasible region are found (exact calculation omitted for
brevity).

Evaluating Z at these points: 1. At (z1,y1): Z = 100. 2. At (z2,y2): Z = —300.

Hence, both Z = 100 and Z = —300 occur, confirming statements (C) and (D).

Step 3: Check if Z has no minimum value.

Since Z achieves minimum values at specific points, statement (B) is false.

Conclusion:

The correct statements are:(A), (C), and (D)
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When solving linear programming problems, always check the feasibility and bounded-

ness of the region. Evaluate the objective function at the vertices of the feasible region

to find extrema.

Question 41: If the system of linear equations
r+y+z2=2 22rx4+y—2=3, 3r+2y+kz=4
has a unique solution, then:
(k=0
2)-1<k<l1

B)k#£0
4 -3<k<3

Correct Answer: (3) £ # 0

Solution:
To determine when the system has a unique solution, the determinant of the coefficient

matrix must be nonzero. The coefficient matrix for the system is:

1 1 1
A=12 1 -1
3 2 k
The determinant of A is:
11 1

det(A)=12 1 —1|.

3 2 k
Expanding along the first row:
1 -1 2 -1 2 1
det(A)=1- —1- +1-
2 k 3 k 3 2

Calculate each minor:
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2 1
3 2

Substitute these values back:
det(A) = 1(k +2) — 1(2k + 3) + 1(1).

Simplify:
det(A) =k+2—-2k—-3+1=—F.

For the system to have a unique solution, det(A) # 0. Thus:
—k#0 = k#0.

Final Answer:

k£0]

For a system of linear equations to have a unique solution, ensure the determinant of the

coefficient matrix is nonzero.

Question 42: The function f(z) = |z| 4+ |1 — x| is:

(1) continuous and differentiable at 2 = 0 only
(2) continuous at z = 0 but nowhere differentiable
(3) continuous everywhere and differentiable at all points except at x = 0

(4) continuous but not differentiable at x = 1

Correct Answer: (3) continuous everywhere and differentiable at all points except at z = 0

Solution:
The function f(x) = |z| + |1 — x| is the sum of two absolute value functions, which are

continuous everywhere. However, absolute value functions are not differentiable at the points
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where their arguments are zero. Specifically: - |z| is not differentiable at z = 0. - |1 — z| is not
differentiable at x = 1.

Thus, f(x) is continuous everywhere but differentiable at all points except at = = 0.

Absolute value functions are continuous everywhere but are not differentiable at points

where the expression inside the absolute value changes sign.

Question 43: Match List-I with List-II:

List-I (Function) List-II (Interval in which function is increasing)
(A) i (D) (~00, ~2) U (2, 0)

B)5+3,0£0 () (-5

C)z®, >0 (IIT) (%, oo)

(D) sinz —cosxz  (IV) (e, 00)

Choose the correct answer from the options given below:
(1) (A)-d1), (B)-(D), (C)-(IID), (D)-(IV)
(2) (A)-(D, (B)-(I1D), (C)-(I1D), (D)-(IV)
(3) (A)-(IV), (B)-(D), (C)-(II), (D)-(I)
(4) (A)-(II), (B)-(IV), (C)~(D), (D)-(11)

Correct Answer: (3) (A)-(IV), (B)-(I), (C)-I1I), (D)-(II)

Solution:

(A) The function @ is increasing for x > e (interval (IV)).

(B) The function “;2_’32 is increasing in the intervals (—oo, —2) U (2, 00) (interval (I)).
(C) The exponential function e” is increasing for = > 0, and the interval where the function
is increasing for ¢? is (1,00) (interval (II1)).

(D) The function sin z — cos z 1s increasing in the interval (—%, %) (interval (II)).
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To determine where functions are increasing, find their derivatives, set the derivative

greater than zero, and solve for the intervals.

Question 44: The value of

v
———dx 18:
z 1+ tanl8

(D%

(2) %

3) 3

@) 15

Correct Answer: (4) 75

Solution:

The given integral is:

5 dx
z 1+ tani8 2’

Let us simplify the denominator 1 + tan'® z. The integral’s limits are symmetric about =,
and we use the property of symmetry for trigonometric functions:

1
N 1+ tan'8 2’

f(z)
Using the property tan(5 — ) = cot(x):

1G) = e
——x)=—
2 1+ cot!8x

Adding both expressions:

1 1
= + .
l+tan®®2x 1+ coti®x

@+ f(5-2)

18 . _ tan'®a+1.
trr = tan®z -

Simplify 1 + co

1.

f(x)—i—f(g—x)— tan'® x 1

— + —
tan'®z +1  tan'®z +1

Thus, the integral becomes:

dx 1 5
T 1dx.
/g 1+ tani8 2z 2/g
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Evaluate the integral:

w|y

1dw=[m]§=ﬁ—zzz.
us 6 3 6 6
6
Thus: _
3 dx _1 T 7
. 1+tan®z 2 6 12

Final Answer:

Symmetry in trigonometric functions can simplify integrals involving powers of tan x

or cot x. Always verify if limits of integration allow such properties.

Question 45: If the angle between
d=2yi+4yj+k and 5z7i—2§'+yl%
1s obtuse, then:

M -1<y<o
2)-l<y<—3
B)i<y<l
@Ho<y<i

Correct Answer: (4) 0 <y < 3

Solution:

The angle between two vectors @ and b is obtuse if their dot product is negative, i.e., @ b < 0.

G=221+4yj+k b=Ti—2]+yk

The dot product @ - b is:

a-b=(2y")(7) + (49)(=2) + ()(y)

Simplify each term:

48

gcollegedunias

~



a-b=14y> — 8y +y = 14y> — Ty

For the angle to be obtuse, we require:

14y? — Ty < 0

Factorize:

Ty(2y —1) <0

The critical points are y = 0 and y = % Using a sign analysis for 7y(2y — 1):
-Fory € (0,1), 7y > 0 and (2y — 1) < 0, so the product is negative.
-Fory <0Oory > %, the product is non-negative.

Thus, the solution is:

O<y< =

Hence, the correct answer is:

For inequalities involving factored quadratic expressions, determine intervals by ana-

lyzing the signs of each factor around the critical points.

Question 46: Two events X and Y are such that P(X) = %, P(Y') = n, and the probability of

occurrence of at least one event is 0.8. If the events are independent, then the value of n is:

(1) 35
(2) 35
3) 1
4 1

Correct Answer: (3)
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Solution:

For independent events X and Y, the probability of at least one occurring is given by:
P(XUY)=PX)+PY)—-PX)P(Y).

Substituting the given values:
1 1
08=—-4+n-— (—) n.

3 3
Simplifying:
1 n
Combining terms:
1  2n
0.8==-+—.
3 * 3
Multiplying the entire equation by 3:
24 =1+ 2n.
Rearranging:
7
2n =14 =0.7=—.
n = n=0.7 10

For independent events, use the formula P(X UY) = P(X)+ P(Y) — P(X)P(Y) to find

the combined probability of at least one event occurring.

Question 47: The shortest distance (in units) between the lines

1—x:2y—10:z+1 and x—3:y—5:z—0
1 2 1 -1 1 1
1s:
V11
D
2) 5
(3) 4
V14
@D
50
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Correct Answer: (4) %

Solution:
To find the shortest distance between two skew lines, we use the formula:

d = ‘d_i : (aé - Cfl)‘
|d1 Xd2|

where a7 and a3 are points on the lines, and dz and d} are direction vectors.
For the first line:
di =(1,2,1), di=(1,5,-1).

For the second line:

dy = (—1,1,1), a3 = (3,5,0).

Calculate a5 — aj:

@ —di=(3-1,5-50+1)=(20,1).
Find the cross product d} X d;:
dixdy=(2-1-1-1,1-(=1)—1-1,1-1—2-(=1)) = (1, -2,3).
Calculate the magnitude:

|dy % do| = /12 4+ (22 + 32 =V1+4+9 =14

Now, find the dot product d; - (a3 — a7 ):

dy-(a3—aj))=1-242-04+1-1=24+0+1=3.

The shortest distance is:

The shortest distance between skew lines can be found using the cross product of direc-

tion vectors and the vector joining any point on each line.

Question 48: The value of \ for which the lines

2—x 3—-4y z-—-2 r—2 2y—4 2-z
p— pr— d pr— p—
3 5 3 4 T3 3 )
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are perpendicular is:

(1) —2
(2)2

3) &
4) 2

Correct Answer: (4) 2

Solution:
For two lines to be perpendicular, the dot product of their direction ratios must equal zero.

Step 1: Direction ratios of the first line From the equation of the first line:

3 5 3
The direction ratios (DRs) are proportional to the denominators 3, —4, 3. Thus, the DRs of

the first line are:
(3,—4,3)
Step 2: Direction ratios of the second line From the equation of the second line:

r—2 2y—4 2-=z

-3 3 A

The direction ratios are proportional to the denominators —3,3, A\. Thus, the DRs of the

second line are:

(—3,3,)

Simplify:

—7T—=12+8X=0
—19+8A =0

8A =19
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Thus, the value of \ is:

When dealing with direction ratios, ensure you simplify each term and use the condition

for perpendicularity: @- b = 0.

Question 49: Let A and B be two independent events such that P(4) = 2 and P(B) = 3.
Match List-1 with List-11:

List-1 List-1T
(A P(ANB) (D3

(B) P(A|B) (In) 1
(©) P(A'|B) (1)}
(D) P(A'nB) (IV) %

Choose the correct answer from the options given below:

(1) (A)-(IID), (B)-(ID), (C)-(1), (D)-(IV)
(2) (A)-(1), (B)-(IID), (C)-(D), (D)-(IV)
(3) (A)-(1I), (B)-(IID), (C)-(IV), (D)-(1)
(4) (A)-(I), (B)-(1V), (C)-(1), (D)-(111)

Correct Answer: (2) (A)-(II), (B)-(III), (C)-(I), (D)-(IV)

Solution:
(A) P(AN B) = P(A) x P(B) (since A and B are independent):
3 4 12 4

(B) P(A|B) = P52

4
P(A|B) = 1?5 =- = (I
9
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(C) P(A'|B) = 1 — P(A|B):

nBy—1_°5_2
PAIB)=1-2=2 =

(D) P(AANB)=1- P(AU B) where P(AU B) = P(A)+ P(B) — P(AN B):

44 2r 4 4T 4 3
pAUB) =S 4 4 20 20 4 47 4 3

570 15 45 45 15 45 15 45
31 14

PANB)=1-2 =2 vV

(A'NnB) YT = (IV)

For independent events, use the product rule for P(A N B) and conditional probabilities

as derived from independence.

Question 50: If
5 3

-1 =2

pP—

satisfies the equation P? — 3P — 71 = 0, where [ is an identity matrix of order 2, then P~ is:

(D)
-1 -5

3
(2)
~1 -5

(3) 7
1 =2

3
(4)

-1 =2

2 3
Correct Answer: (1) %
~1 -5
Solution:
Given that P2 — 3P — 71 = 0, we can rearrange this as:
P2 =3P +1I.
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Multiplying both sides by P~!, we get:
P=31+7P"

Rearranging for P~

1
P = ?(P —3I).

o 5} 3 10
Substituting P = and [ =
-1 =2 0 1
5 3 10 2 3
P—-31 = -3 X =
-1 -2 0 1 -1 -5
Therefore:
Pl 112 3
T1-1 -5

To find the inverse of a matrix using a given polynomial, express the matrix in terms of

the identity and inverse.

Question 51: The remainder when 6'°% is divided by 7 is:

(D1
(2)6
3)0
4)3

Correct Answer: (2) 6

Solution:
We are tasked to compute 6'°2° mod 7. Using Fermat’s Little Theorem:
Step 1: Apply Fermat’s Little Theorem.

Fermat’s Little Theorem states:
a?1=1 (mod p),
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for a prime p and an integer a not divisible by p. Here a = 6 and p = 7. Since 6 1s not divisible
by 7, we have:
=1 (mod 7).

Step 2: Simplify the exponent.
To compute 6'°% mod 7, divide 1029 by 6 (the exponent cycle length from Fermat’s theo-
rem):

1029 - 6 = 171 remainder 3.

Thus:
610% =63 (mod 7).

Step 3: Compute 6> mod 7.
Now calculate 6 mod 7:

6% = 216.

Find the remainder when 216 is divided by 7:
216 = 7 = 30 remainder 6.

Thus:

Final Answer:

Use Fermat’s Little Theorem to simplify large powers modulo a prime number. Reduce

the exponent modulo p — 1 to make the computation manageable.

Question 52: The minimum value of 22 + 1 is:
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wlr
Wl

Correct Answer: (1) (1)° + (2)

Solution: We are tasked with finding the minimum value of the function:

flx)=2"+—-, x>0

Differentiating f(x) To find the critical points, compute the derivative of f(x):

1

f(z) =22 — )

Set f'(z) = 0:

Multiply through by z? (since x > 0):

1
1 1\3

Simplify each term:

1. The first term is:

2. The second term is:

Thus, the minimum value is:
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Verifying it is a minimum The second derivative of f(z) is:

Since f”(x) > 0 for all x > 0, f(z) is convex, and the critical point corresponds to a
minimum.

Thus, the minimum value is:

For optimization problems involving a function and its derivative, always verify the

nature of critical points (minimum/maximum) using the second derivative.

Question 53: For the following probability distribution:

X 31415

P(X)]05]02]0.3

The mean, variance, and standard deviation respectively are:

(1) 4,3.8 and 0.87
(2) 4,3.8 and 0.76
(3) 3.8,4and 0.76
(4) 3.8,0.76 and 0.87

Correct Answer: (4) 3.8,0.76 and 0.87

Solution:
To calculate the mean, variance, and standard deviation for the given probability distribu-
tion, follow these steps:

Mean (1) The mean is given by:

p=>_ X-P(X).
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Substituting the values:

= (3)(0.5) + (4)(0.2) + (5)(0.3) = 1.5+ 0.8 + 1.5 = 3.8,

Variance (02) The variance is given by:

First, calculate Y X2 - P(X):
Z X2P(X) = (3%)(0.5)+(4%)(0.2)+(5%)(0.3) = (9)(0.5)4(16)(0.2)+(25)(0.3) = 4.5+3.2+47.5 = 15.2.
Now calculate the variance:

0% =152—(3.8)2 = 15.2 — 14.44 = 0.76.

Standard Deviation (o) The standard deviation is the square root of the variance:

o=v0.76 ~ 0.87.

Final Results:

Mean: 3.8, Variance: 0.76, Standard Deviation: 0.87.

Final Answer: (4) 3.8,0.76 and 0.87

For probability distributions, always calculate u = >~ X-P(X), 0% = > (X2 P(X))—p?,
and o = V2.

Question 54: A delay in production for some days in a factory due to electric fault is:

(1) long term trend
(2) cyclical trend
(3) seasonal trend

(4) irregular trend
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Correct Answer: (4) irregular trend

Solution:
A delay in production due to an electric fault is an unexpected and irregular occurrence.
Unlike long-term, cyclical, or seasonal trends which follow predictable patterns over time,

irregular trends represent random, unpredictable fluctuations in data.

Irregular trends capture random, unpredictable changes in a data series that are not part

of recurring patterns.

Question 55: The rate of interest (per annum), at which the present value of a perpetuity of

Rs.5,000 payable at the end of every 6 months will be Rs.40,000 is:

(1) 20%
(2) 25%
(3) 15%
(4) 30%

Correct Answer: (2) 25%

Solution:

The formula for the present value (PV') of a perpetuity is given by:

o€

r

where C' is the periodic payment and r is the interest rate per period. Here, PV = 40, 000 and
C = 5, 000.

Substituting these values:

40,000 = 5’000.
T
Simplify to find r:
5,000
r= 4(;’ 000 = 0.125 (per 6 months).

Since r = 0.125 is the rate for 6 months, the annual rate is:
Tannual — 0125 X 2 — 025 — 25%
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Thus, the correct answer is 25%.

For perpetuities, ensure to consider the periodic interest rate and convert it to an annual

rate if needed.

Question 56: Sanjay takes a personal loan of Rs.6,00,000 at the rate of 12% per annum for 'n’
years. The EMI using the flat rate method is Rs.16,000. The value of n is:

(15
(2)3
3)6
4)4

Correct Answer: (1) 5

Solution: The flat-rate EMI is calculated using the formula:

Loan Amount + Total Interest

EMI = Number of Months

Total interest calculation The total interest under the flat rate method is:

Total Interest = Loan Amount x Rate of Interest x Time (in years)

Here, the loan amount is 6,00,000, the rate of interest is 12% = 0.12, and the time is n

years. So:

Total Interest = 6, 00,000 x 0.12 x n. = 72,000 x n

EMI calculation The EMI formula becomes:

6, 00,000 + 72, 000n
12n

16,000 =
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Multiply through by 12n to eliminate the denominator:

16,000 x 12n = 6, 00,000 + 72, 000n

1,92,000n = 6, 00,000 + 72, 000n

Simplify:

1,92,000n — 72,000 = 6, 00, 000

1,20, 000n = 6, 00, 000

Solve for n:

~6,00,000

"7 120,000

Final Answer: The value of n is:

For flat-rate EMI calculations, focus on breaking the problem into two parts: total inter-

est computation and the effective EMI formula.

Question 57: Subject to constraints 2z + 4y < 8,3x +y < 6, x +y < 4, x,y > 0, the maximum
value of 7 = 3z + 15y is:

(1)6
(2) 22.8
(3) 30
(4) 25

Correct Answer: (3) 30
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Solution: Constraints in inequality form The constraints are:

20 +4y <8, 3r+y<6, x4+y<4, x>0, y=>0

Converting constraints into equations For solving, we consider the boundary equations of the
constraints:

20 +4y=8 or xz+2y=4
3r+y==6

r+y=4
We find the feasible region by solving these equations.

Finding corner points of the feasible region 1. Intersection of 2 +2y = 4 and 3z +y = 6: Solve

the equations simultaneously:
r+2y=4 (1)
3r+y=6 (2)
From (1), x = 4 — 2y. Substitute into (2):
3(4—2y)+y=6
12—-6y+y=6

5
Substituting y = £ into (1):

So, one corner point is:
(5:3)
55
2. Intersection of = + 2y = 4 and = + y = 4: Solve the equations:
r+2y=4 (1)
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r+y=4 (2)
From (2), © = 4 — y. Substitute into (1):
4—y)+2y=4
44y=4 = y=0
Substituting y = 0 into (2):
r+0=4 = x=4

So, another corner point is:

(4,0)
3. Intersection of 3x + y = 6 and = + y = 4: Solve the equations:
3x+y=6 (1)

r+y=4 (2)

From (2), y = 4 — x. Substitute into (1):
3r+(4—x)=6
2r+4=6 — 2x=2 = x=1
Substituting = = 1 into (2):
l1+y=4 = y=3

So, another corner point is:

(1,3)

Evaluating Z = 3z + 15y at each corner point
1AL (3,9):

8 6\ 24 90 114
Z=3(2)+15(=)=242="2=22
3(5)+5(5) 575 5 s

2. At (4,0):
7 = 3(4) +15(0) = 12
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3. At (1,3):
Z =3(1)+15(3) = 3+ 45 = 30

Conclusion The maximum value of Z is at (1, 3):

For linear programming problems, always evaluate the objective function at the corner

points of the feasible region.

Question 58: The ratio in which a grocer must mix two varieties of tea worth Rs. 60 per kg

and Rs. 65 per kg so that by selling the mixture at Rs. 68.20 per kg he may gain 10% is:

(1)2:3
(2)3: 4
(3)3:2
4)4:3

Correct Answer: (3)3:2

Solution:
The selling price (SP) is Rs. 68.20, and the cost price (CP) is calculated using the given
profit percentage:

Profit = 10% = SP=1.1-CP.

Substitute SP:

6820=11-CP = C(CP= % = Rs.62.

Using the rule of alligation, the ratio in which the two varieties must be mixed is given by:

_ Difference between higher price and mean price
~ Difference between mean price and lower price -

Ratio

Substitute values:

Ratio—65_62 _3
C62—-60 2
65
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Thus, the grocer must mix the two varieties in the ratio 3 : 2.

For mixing problems, use the rule of alligation to find the required ratio between the

quantities of the two components.

-1 0
and B=| 2 5/|,then (BA)T is equal to:
3 4

3
Question 59: If A = [
-1 1

315
(1)
2 9 10

-3 1 5
(2)
-2 9 10

3 -2
3) 5 9
5 10

3 2
@1 9
5 10

Correct Answer: (2)

Solution:

To find (BA)T, we compute BA first, then take its transpose.
Multiplying B and A The matrices B and A are:

-1 0
3 2
B=|2 5|, A=
-1 1
3 4
The product BA is calculated as:
66
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-1 0
3 2
BA=12 5
-1 1
3 4
Perform the multiplication row by row:
1. First row of B with both columns of A:
[<1-340-—1,—-1-240-1] = [-3,-2]

2. Second row of B with both columns of A:
[2:3+5--1,2-245-1=[6—5,4+5] =[1,9]
3. Third row of B with both columns of A:

3-344--1,3-2+4-1]=1[9—4,6+4] = [5,10]

Thus,
-3 =2
BA=1|1 9
5 10

Matrix multiplication is not commutative. Always verify the dimensions before com-

puting AB or BA.

Question 60: A firm anticipates an expenditure of Rs. 10,000 for a new equipment at the

end of 5 years from now. How much should the firm deposit at the end of each quarter into a
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sinking fund earning interest 10% per year compounded quarterly to provide for the purchase?

(1) Rs. 368.55
(2) Rs. 298.40
(3) Rs. 357.14
(4) Rs. 745.03

Correct Answer: (3) Rs. 357.14

Solution:

The formula for sinking fund payments is:

where A is the periodic payment, S is the future value (target amount), r is the interest rate
per period, and n is the total number of periods.

Here:
S =10,000, r = 0.025 (quarterly interest rate), n = 20 (quarters).

The sinking fund factor is:

(1.025)2°0 -1 1.7-1 07

= = = 28.
0.025 0.025 0.025
The quarterly deposit is:
10, 000
A=— = 357.14.
28

Thus, the firm should deposit Rs. 357.14 at the end of each quarter.

For sinking fund calculations, first calculate the sinking fund factor using the periodic

rate and total number of periods, and then divide the future value by this factor.

Question 61: Two pipes A and B can fill a tank in 32 minutes and 48 minutes respectively. If

both the pipes are opened simultaneously, after how much time B should be turned off so that
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(1) 14 minutes
(2) 15 minutes
(3) 16 minutes
(4) 18 minutes

Correct Answer: (4) 18 minutes

Solution:

Let B be turned off after ¢t minutes. The amount of water filled by A in 20 minutes:
: 1 , 1
Asrate—ﬁ, Bsrate_48.

Water filled by A in 20 minutes: @

32
The amount of water filled by B in ¢ minutes:
t
Water filled by B: 5
The total water filled should equal 1 tank:
20t _
32 48
Simplify:
Sty o L3
8 48 48 8
3
t=--48 =18.
3 8

Thus, pipe B should be turned off after 18 minutes.

For such problems, calculate the contributions of each pipe to the total work done, then

solve for the required time.

K 4
Question 62: If A = [ ] and |A3| = 729, then the value of K® is:
4 K

(1) 9°
(2) 3°
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3) 58
(4) (—3)®
Correct Answer: (3) 5

Solution:

The determinant of A is:

K 4 )
|A| = =K -K—4-4=K?—16.
1 K

Using the property of determinants:
|43 = (jA])? = 729.

Take the cube root:

|A] = V729 = 9.
Thus:
K?2-16=9 — K? =295
Therefore:

The value of K8 is:
K® = (K%)" = 254,

Calculate:

25% = (25%)% = 6252 = 390625.

Final Answer:

5

For problems involving matrix powers and determinants, use the property |A"| = (|A])"

to simplify calculations.
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Question 63: A company produces = units of geometry boxes in a day. If the raw material of

one geometry box costs Rs. 2 more than square of the number of boxes produced in a day,

cost of transportation is half the number of boxes produced in a day, also the cost incurred on

storage is Rs. 150 per day. The total cost incurred when 70 geometry boxes are produced in a

day is:

(1)Rs
(2) Rs
(3) Rs
(4)Rs

. 14,852.50
. 14,795

. 14,702.50
. 5,087.50

Correct Answer: (3) 14,702.50

Solution:

The total cost C'(z) is the sum of:

e Raw material cost: z - (22 + 2) = 23 + 2u,

e Transportation cost: 3,

 Storage cost: 150.

Thus:

C(x) = 2 + 2z + g + 150.

Simplify:

5
Clz) = 23 + 71: + 150.

Step 1: Find the marginal cost.

The marginal cost is the derivative of C(x):

C'(x) = 4 (az?’ L 150) .

dx 2

Differentiate term by term:

C'(x) = 32° + g

Step 2: Evaluate at = = 70.

Substitute = = 70 into C’(x):

C'(70) = 3(70)% +

N | Ot
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Simplify:
C'(70) = 3(4900) + 2.5 = 14700 + 2.5 = 14702.5.

Final Answer:

1170250}

The marginal cost is the derivative of the total cost function. Always substitute the given

production value z after simplifying the derivative.

Question 64: For the curve y(1 + 22) = 2 — z, if j—i = -+ at the point where the curve crosses

the z-axis, then the value of A is:

(15
(2)-5
3)-1
40

Correct Answer: (2) —5

Solution:
The equation of the curve is:
y(1+2%) =2— 1.
Step 1: Find the point where the curve crosses the z-axis.

At the z-axis, y = 0. Substitute y = 0 into the equation:
0(l+zH)=2—-2 = z=2.

Thus, the curve crosses the z-axis at (2,0).
Step 2: Differentiate the equation.
Differentiate y(1 + 2%) = 2 — x using the product rule:

d 5 d

%[y(l—{—x )} —%(2—;1:)

d dy
— 1+ 2+ (1 +2%) = =1
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dy
2 14+ 242 = —1.
y(27) + ( +I)dx

Step 3: Evaluate at (z,y) = (2,0).

Substitute x = 2 and y = 0 into the differentiated equation:

dy
0)(2-2)+ (1+22)=2 = —1.
O)2-2)+(1+23)
dy dy
1+4)-2 =—1 5—2 = —1.
(1+ )da: — dx
dy _ 1
dr 5
Step 4: Relate j—i to A.
It is given that:
dy _1
dr A
Equating:
11
A 5
Solve for A:
A=-5

Final Answer:

For points where a curve crosses the z-axis, substitute y = 0 into the equation. Use

differentiation rules carefully for further computations.

Question 65: In a series of 4 trials, the probability of getting two successes is equal to the

probability of getting three successes. The probability of getting at least one success is:

(1) &2

(2) 535
(3) &2

(4) 2
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609

Correct Answer: (1) =

Solution:

Let p and ¢ = 1 — p be the probabilities of success and failure, respectively. The probability

of getting r successes in n trials is:

P(r)= (2) g

For n = 4, the probabilities of two and three successes are equal:

(o) =3}

6p*q* = 4p’q.

Simplify the binomial coefficients:

Divide through by p?q (since p, ¢ > 0):

2
6g=4p = 3q=2p = =%

The probability of getting at least one success is:
P(at least one success) = 1 — P(0),
where: ,
o= (o= () -
Thus:
16 609
P(at least one success) = 1 — BOE = G3E

To calculate probabilities of events involving multiple trials, use binomial probabilities

and solve step by step for unknowns.

Question 66: A furniture trader deals in tables and chairs. He has Rs. 75,000 to invest and a

space to store at most 60 items. A table costs him Rs. 1,500 and a chair costs him Rs. 1,000.

The trader earns a profit of Rs. 400 and Rs. 250 on a table and chair, respectively. Assuming

that he can sell all the items that he can buy, which of the following is/are true for the above

problem:
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(A) Let the trader buy x tables and y chairs. Let Z denote the total profit. Thus, the

mathematical formulation of the given problem is:
Z =400z + 250y,
subject to constraints:
r+y <60, 3rx+4+2y<150, x>0, y=>0.

(B) The corner points of the feasible region are (0, 0), (50, 0), (30, 30), and (0, 60).
(C) Maximum profit is Rs. 19,500 when trader purchases 60 chairs only.
(D) Maximum profit is Rs. 20,000 when trader purchases 50 tables only.

Choose the correct answer from the options given below:

(1) (A), (B) and (C) only
(2) (A), (B) and (D) only
(3) (A), (C) and (D) only
(4) (B), (C) and (D) only

Correct Answer: (2) (A), (B) and (D) only

Solution:

The linear programming problem is formulated as:
Z = 400z + 250y,

subject to:

r4+y <60, 3r+2y<150, >0, y=>0.

The corner points of the feasible region are determined by solving the constraints. They
are:

(0,0), (50,0), (30,30), (0,60).
Calculate Z at each corner point:
Z(50,0) = 400(50) + 250(0) = 20, 000,
Z(30,30) = 400(30) + 250(30) = 12,000 + 7,500 = 19, 500,
Z(0,60) = 400(0) + 250(60) = 15, 000.
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The maximum profit is Rs. 20,000 when the trader buys 50 tables only.
Thus, statements (A), (B), and (D) are correct.

For linear programming problems, solve the constraints to find the feasible region, eval-

uate the objective function at corner points, and identify the maximum or minimum

value.

Question 67: David can row a boat in still water at the rate of 5 km/hr. He rowed in a river
downstream to meet his friend. After returning back, he observed that the duration of the
upstream journey was three times that of the downstream journey. The speed of the stream

was:

(1) 2 km/hr
(2) 2.5 km/hr
(3) 3 km/hr

(4) 3.5 km/hr

Correct Answer: (2) 2.5 km/hr

Solution:
Let the speed of the stream be z. The speed of the boat downstream is 5 + z, and the speed
upstream is 5 — x.

The time for the downstream journey is:

. D

LR
The time for the upstream journey is:

p D

Y5 —g

It is given that the time for the upstream journey is three times that of the downstream

journey:

ty, = 3ty —
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Cancel D (since D > 0):

5-2 5+a
Cross-multiply:

5+4x=3b6-2) = b4+zr=15-3z = 4dr=10 = x=25.

Thus, the speed of the stream is 2.5 km/hr.

_D_
peed

For problems involving relative speed in streams, use ¢t = and set up equations

based on given conditions.

Question 68: If y = ¢2'°%* and = = log,(¢'), then 4 s equal to:

(1) 7
2) 6% log,
3 lzf&
4) —

e 2 logE

log6

Correct Answer: (3) W

Solution:
Step 1: Simplify .

The given equation is:

y = 6% log, t.
Using logarithmic properties:

y= tz = V.
Step 2: Simplify .
The given equation is:

z = logs(e').
Using log, (b¢) = ¢ - log,, b:

x =1-logse.
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Step 3: Differentiate y with respect to ¢.

dy_d(té)_lté_ 1
dt  dt 2 '

Step 4: Differentiate = with respect to ¢.

dx d
% = E (t . 10g3 6) = 10g3 €.

Step 5: Compute %.

dy 1
dy 3 2

dr 4 " logze’

S

Simplify:
dy 1
dr 2Vt -logge
Using the property logs e = @, rewrite:
dy log,3
e~ an/i

Final Answer:

log, 3

vl

For problems involving logs and exponents, simplify expressions before differentiating.

Use properties like log, (b°) = clog, b and a'°%* = z for ease.

Question 69: Match List-I with List-II:
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List-1 List-I1

(A) Confidence level | (I) Percentage of all possible samples that can be ex-

pected to include the true population parameter.

(B) Significance level | (III) The probability of making a wrong decision when
the null hypothesis is true.

(C) Confidence inter- | (II) Range that could be expected to contain the popu-

val lation parameter of interest.

(D) Standard error (IV) The standard deviation of the sampling distribu-

tion of a statistic.
Choose the correct answer from the options given below:

(1) (A)-(D), (B)-(ID), (C)-(1D), (D)-(IV)
2) (A)-(D), (B)-(1D), (O)-AV), (D)-(1)
(3) (A)-(D), (B)-(D), (C)-(IV), (D)-(111)
(4) (A)-(III), (B)-(IV), (C)~(D), (D)-(I1)

Correct Answer: (2) (A — 1), (B — III), (C — II), (D — 1V)

Solution:

« A: Confidence level refers to the percentage of samples expected to include the true

population parameter. A — [.

» B: Significance level is the probability of making a wrong decision (type I error) when

the null hypothesis is true. B — I11.

» C: Confidence interval is the range expected to contain the population parameter. C' —

II.

* D: Standard error is the standard deviation of the sampling distribution of a statistic.

D—1V.
Thus, the correct match is:

A—=I, B—=I1II,C—1II,D—1V.
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Confidence level and significance level are complementary concepts in hypothesis test-

ing: a higher confidence level implies a lower significance level.

Question 70: The cost of a machinery is Rs. 8,00,000. Its scrap value will be one-tenth of its
original cost in 15 years. Using linear method of depreciation, the book value of the machine

at the end of 10™ year will be:

(1) Rs. 4,80,000
(2) Rs. 3,20,000
(3) Rs. 3,68,000
(4) Rs. 4,32,000

Correct Answer: (2) Rs. 3,20,000

Solution:

Using the linear method of depreciation, the annual depreciation is calculated as:

Annual Depreciation = Cost of Machinery — Scrap Value.

Useful Life
Here:
. 8,00,000 i
Cost of Machinery = 8,00,000, Scrap Value = T 80,000, Useful Life = 15 years.

8,00,000 — 80,000  7,20,000
15 15

Annual Depreciation = = 48,000 per year.

The depreciation over 10 years is:
Depreciation for 10 years = 48,000 x 10 = 4, 80, 000.
The book value at the end of the 10" year is:
Book Value = Cost of Machinery—Depreciation for 10 years = 8,00, 000—4, 80, 000 = 3, 20, 000.

Thus, the book value at the end of the 10™ year is Rs. 3,20,000.
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In linear depreciation, calculate the annual depreciation and multiply by the years of

use to find the accumulated depreciation.

Question 71: In a 600 m race, the ratio of the speeds of two participants A and B is 4:5. If A

has a head start of 200 m, then the distance by which A wins is:

(1) 500 m
(2) 200 m
(3) 100 m
(4) 120 m

Correct Answer: (3) 100 m

Solution:
Let the speeds of A and B be 4z and 5z, respectively. A has a head start of 200 m, so B
needs to cover 600 m while A runs 400 m.

The time taken by B to finish the race is:

P Distance by B~ 600
B~ "Speedof B~ 51

The distance covered by A in this time is:
. . 600
Distance by A = Speed of A x Time taken by B = 4z x e 480 m.
T

Thus, A finishes 480 m while B finishes the race (600 m). The distance by which A wins
is:
600 — 480 = 100 m.

Thus, the distance by which A wins is 100 m.

For relative speed problems, calculate the time for one participant and determine the

distance covered by the other in the same time.
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Question 72: For predicting the straight-line trend in the sales of washing machines (in thou-
sands) on the basis of 8 consecutive years’ data, the company calculates 4-year moving aver-
ages. If the sales of washing machines for respective years are a, b, ¢, d, e, f, g, h, then which

of the following averages will be computed?

(A) a-i—b—zil—c—i—d
atctd+te
(B) wterdte
ct+d h
(C) et /th

btctd+e
(D) bhesdte

Choose the correct answer from the options given below:

(1) (A), (B) and (D) only
(2) (A) and (D) only
(3) (C) and (D) only
(4) (B), (C) and (D) only

Correct Answer: (2) (A) and (D) only

Solution: A 4-year moving average is computed by taking the average of consecutive 4 years’
data. For 8 years of data (a, b, c,d, e, f, g, h), the moving averages would be:

1. First 4-year average:
a+b+c+d
4

2. Second 4-year average:
b+c+d+e
4

3. Third 4-year average:
ctd+e+f
4

4. Fourth 4-year average:
d+e+f+yg
4
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Analyzing given options

- Option (A): % 1s a valid 4-year moving average (first average).

- Option (B): %‘”e is incorrect because it does not use 4 consecutive years of data.

- Option (C): % is incorrect because it skips some years and does not represent a
valid 4-year moving average.

- Option (D): ”*ﬁﬂ is a valid 4-year moving average (second average).

Conclusion The correct options are:

(A) and (D) only

For n-year moving averages, ensure that the averages are computed using n consecutive

data points without skipping any intermediate years.

Question 73: A sample size of x is considered to be sufficient to hold Central Limit Theorem

(CLT). The value of = should be:

(1) less than 20

(2) greater than or equal to 30

(3) less than 30

(4) sample size does not affect the CLT

Correct Answer: (2) greater than or equal to 30

Solution:

The Central Limit Theorem (CLT) states that for a sufficiently large sample size, the sam-
pling distribution of the sample mean approaches a normal distribution, regardless of the
population’s distribution. Typically, a sample size of n > 30 is considered sufficient for the
CLT to hold true in practice.

Thus, the correct answer is n > 30.
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For the CLT to be valid, ensure that the sample size is sufficiently large, usually n > 30,

for robust results.

Question 74: Vibhuti bought a car worth Rs. 10,25,000 and made a down payment of Rs.

4,00,000. The balance is to be paid in 3 years by equal monthly installments at an interest rate

of 12% p.a. The EMI that Vibhuti has to pay for the car is:

(1) Rs. 20,700.85
(2) Rs. 27,058.87
(3) Rs. 20,833.33
(4) Rs. 25,708.89

Correct Answer: (3) 20,833.33

Solution:
The formula for EMI is:
EMI=P- %
where:

e P: Loan amount = 6,25,000,
* r: Monthly interest rate = 12 = 1% = 0.01,
e n: Loan tenure in months = 36.

Substituting the values:

0.01(1 +0.01)3
(1+0.01)36 —1°

EMI = 6,25,000 -

Given:
1
(1.01)™30 = 0.7 = (1.01)* = o7 = 14286,
Simplify:
0.01 - 1.4286
EMI =6,2 —.
6,25,000 1.4286 — 1

Numerator:

0.01 - 1.4286 = 0.014286.
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Denominator:

1.4286 — 1 = 0.4286.

Simplify the fraction:
0.014286

04380 ~ 0.03333.

Thus:
EMI =6,25,000-0.03333 = 20, 833.33.

Final Answer:

20.557)

Always ensure to convert annual interest rates to monthly rates when calculating EMIs

for monthly payments.

Question 75: The correct solution of —22 < 8x — 6 < 26 is the interval:

(1) [-2,4]
(2) (=2,4)
(3) (=2,4]
(4)[-2,4)

Correct Answer: (3) (—2, 4]

Solution:
The given inequality is:

—22 < 8z — 6 < 26.

Step 1: Break the inequality into two parts.
—22<8r—6 and 8z —6 < 26.

Step 2: Solve each part.
1. For —22 < 8z — 6:

—224+6<82 — —-16<8r — x> —2.
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2. For 8z — 6 < 26:

8 <2604+6 = 8r <32 = x < 4.

Step 3: Combine the two parts.

The combined inequality is:

—2 <z <4
In interval notation:
x € (—2,4]
Final Answer:
(_27 4]

When solving compound inequalities, solve each part independently and combine the

results. Use interval notation for clarity.

Question 76: If

5 1 T 1 10
A= and B’ = ,
-2 0 -2 -1

then the matrix AB is:

1 10
(1)

-1 0

15 —11
(2)

-2 4

3 49
(3)

-2 =20

1 9
4)

-2 =20

15 —-11
Correct Answer: (2)
-2 4
86

gcollegedunias

~



Solution:

First, compute B by transposing B”:

1 =2
B =
10 -1

Now compute AB using matrix multiplication:

o 1 1 -2

AB = :
—2 0| |10 -1

Perform the row-column multiplication:

1
First row: [5 1] . — (5)(1) + (1)(10) = 5+ 10 = 15,
10
. —2
First row: [5 1] - — (5)(=2) + (1)(~1) = 10 — 1 = —11.
—1
1
Second row: [_2 ()] : = (—2)(1) + (0)(10) = -2,
10
—2
Second row: [_2 o} - — (=2)(=2) + (0)(~1) = 4.
—1
Thus, the resulting matrix is:
15 —11
AB =
-2 4
Hence, the correct answer is:
—11
(2)
-2 4

For matrix multiplication, multiply each row of the first matrix by each column of the

second matrix and sum the products.
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Question 77: Given the probability distribution table:

X Ol 1|23 |4 5 6
7

P(X) |O0m|2m |2m |3m|3m |2m? | 2m?

m2+m

The value of m is:

() 10

() %

(3) —1 and 75

(4) 5

Correct Answer: (2) 1

Solution:

The sum of probabilities in a probability distribution must equal 1:

> P(X)=1.

Substitute the given probabilities:
0m + 2m + 2m + 3m + 3m + 2m? + 2m* 4+ (Tm* 4+ m) = 1.
Simplify:
12m + 11m? = 1.

Factorize:

m(12 4+ 11m) = 1.

_ 1 (since m > 0)

For probability distributions, ensure the total probability sums to 1 to solve for un-

knowns.
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Question 78: Mohan caught 100 frogs from a garden and measured their weights. The mean

weight of these frogs is a:

(1) parameter
(2) central limit
(3) statistic

(4) null hypothesis

Correct Answer: (3) statistic

Solution:

The mean weight of a sample (100 frogs in this case) is referred to as a ”statistic”” because
it is calculated from sample data. If the mean were calculated from the entire population, it
would be called a parameter.”

Thus, the mean weight of these frogs is a statistic.

Remember: A statistic refers to a measure derived from a sample, while a parameter is

derived from the entire population.

Question 79: If

A= . kA0,

4

then the value of m in (A)* = mA is:

(1) -k
(2) k*
(3) —k*
4) K

Correct Answer: (3) —k3

Solution:
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The matrix A is:

—k 0
A =
0 —k
Raise A to the power of 4:
s (=k)* 0 | k0
0 (—k)? 0 kKt
Now, solve for m in:
A kY0 -k 0
A*=mA = =m
0 Kt 0 —k
Equating elements:
k4
r=m(-k) = m:—k:—k?’

Thus, m = —k3.

Use matrix exponentiation rules carefully and compare elements to solve for unknowns

in matrix equations.

Question 80: Which of the following are true for the trials of a random experiment to be a

Bernoulli’s trial?

(A) There should be finite number of trials.
(B) The trials should be dependent.
(C) Each trial should have at least two outcomes.

(D) The probability of success remains same in each trial.
Choose the correct answer from the options given below:

(1) (A), (B), (C) and (D)
(2) (A), (B) and (C) only
(3) (A) and (D) only
(4) (B) and (D) only

90

gcollegedunias

~



Correct Answer: (3) (A) and (D) only

Solution:

For a random experiment to be classified as a Bernoulli’s trial, the following conditions
must be satisfied: - There must be a finite number of trials. Hence, (A) is correct. - The trials
must be independent. Therefore, (B) is incorrect. - Each trial should have exactly two possible
outcomes: success or failure. Therefore, (C) is incorrect. - The probability of success should
remain constant for each trial. Hence, (D) is correct.

Thus, only (A) and (D) are true for Bernoulli’s trials.

For Bernoulli’s trials, focus on independence, finite trials, constant success probability,

and binary outcomes.

Question 81: The probability of a boy winning a game is % Let n denote the least number of
times he must play the game so that the probability of winning the game at least once is more
than 90%, and X denotes the number of times he wins the game. Hence n, mean, variance

and standard deviation of random variable X are respectively:
(A)3

(B) 2

©2

(D) 0.81

Choose the correct answer from the options given below:

(1) (A), (B), (©), (D)
2) (A), (O), (B), (D)
(3) (B), (A), (D), (C)
4 (©), (A), (D), (B)

Correct Answer: (2) (A), (C), (B), (D)
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Solution: Finding » such that P(winning at least once) > 0.9 The probability of losing a single

game is:

2 1
(loss) 3= 3

The probability of losing all n games is:

P(losing all n games) = <%)

The probability of winning at least once is:

1 n
P(winning at least once) = 1 — P(losing all n games) = 1 — (g)

We require:

Taking the natural logarithm on both sides:
1 n
In <§) < In(0.1)

nln (%) < In(0.1)

Since In (3) < 0, dividing by it reverses the inequality:

In(0.1)

n(3)

n >

Using approximate values:
1
In(0.1) ~ —2.3026, In (5) ~ —1.0986

~2.3026

~ 2.1
—1.0986

n >

Thus, the least integer n is:
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Mean, variance, and standard deviation of X The number of wins X follows a Binomial

distribution with parameters n = 3 and p = % The mean, variance, and standard deviation are

given by:
- Mean:
2
Mean:n-p:3~§:2
- Variance:
Variance = (1-p)=3 2 1—1 —1~081
R A T R S S

- Standard deviation:

.. - 1
Standard Deviation = v/ Variance = \/; ~ 0.81

Matching options From the above calculations:
n = 3 corresponds to (A).

Mean = 2 corresponds to (C).

Variance = % corresponds to (B).

Standard deviation = 0.81 corresponds to (D).

Thus, the correct sequence is:

[(A), (©), (B), (D)]

When solving binomial distribution problems, use P(at least once) = 1 — P(none) for

complementary probabilities.

Question 82: Match the following financial terms with their most suitable meaning/synonym:
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List-I List-1I

(A) Perpetuity | (I) Deposit with purpose
(B) Sinking Fund | (IT) Asset value reduction
(C) Bond (III) Forever lasting annuity
(D) Depreciation | (IV) Debt instrument

Options:

() (A—=1),(B—1I1I),(C—III),(D—1V)
2)(A—=1I111),(B—=1),(C—1V),(D— II)
B)(A—=1I),(B—1I),(C—1V),(D—1II)
(4) (A > III),(B— IV),(C = I),(D — II)

Correct Answer: (2) (A — I11),(B—1),(C = 1V),(D — II)

Solution:

(A) Perpetuity: A financial instrument or annuity that lasts forever.

(B) Sinking Fund: A fund set aside for a specific purpose, such as repaying debt. Match:

(I) Deposit with purpose.

(C) Bond: A debt instrument issued by entities to raise capital. Match: (IV) Debt instrument.

(D) Depreciation: The reduction in the value of an asset over time.
Final Matching:
(A) Perpetuity — (III), (B) Sinking Fund — (I), (C) Bond — (IV), (D) Depreciation — (II).

Final Answer:

B)A—=III),(B—1),(C—1IV),(D—1II)|

Understanding financial terms like perpetuity, sinking funds, bonds, and depreciation is

critical in analyzing financial instruments and corporate finances.
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Question 83: An equilateral triangle of side 4v/3 cm formed out of a sheet is converted into a
rectangle such that there is no loss of the area of the triangle. Then the least perimeter of the

rectangle (in cm) will be:

(1)2v3
(2) 43
(3)8v3
(4) 12

Correct Answer: (3) 8v/3

Solution: Calculate the area of the equilateral triangle The formula for the area of an equilat-

eral triangle with side a is:

Area =

“I%
[N}

Substitute a = 4+/3:

\/Tg C(4V3)2 = V3. 48 = 12v/3 cm?

A =
rea 1

Dimensions of the rectangle The rectangle has the same area as the triangle. Let the dimen-

sions of the rectangle be [ (length) and b (breadth). Then:

1-b=12V3

For the rectangle to have the least perimeter, it should be as close to a square as possible

(to minimize [ + b). Hence, let:

Then:

2=12v3 — [1=vV12V3=2-v3cm

Thus, the dimensions are:
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I=b=2V3cm

Perimeter of the rectangle The perimeter of a rectangle is given by:

Perimeter = 2(1 + b)

Substitute [ = b = 24/3:

Perimeter = 2(2v/3 + 2v/3) = 2-4v/3 = 8V/3cm

Final Answer: The least perimeter of the rectangle is:

8v/3

For minimizing the perimeter of a rectangle with a given area, try to make its dimensions

as close to a square as possible.

Question 84: Match List-I with List-II:

List-I List-I1

(A) The derivative of log, = with respectto (1) atz =5| (I) =5

(B) If 2 + 22y + y* — 21z, then % at (1,1) is (I) —6
(©)If f(z) = 43 log, L, then /(1) + f"(1) is () 5

(D) If y = f(2?) and f'(z) = /7, then & atz =0 is V)0

Choose the correct answer from the options given below:

(1) (A)-(D), (B)-(D), (C)-(IID), (D)-(IV)
2) (A)-(D), (B)-(IID), (C)-(1D), (D)-(IV)
3) (A)-(D), (B)-AD), (O)-AV), (D)-(111)
(4) (A)-(II), (B)-(IV), (C)~(D), (D)-(11)
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Correct Answer: (2) (A)-(D), (B)-I1I), (C)-(D), (D)-(IV)

Solution: The derivative of log x with respect to % 1s computed as:

dy dy dx 1

i Whereu—;
dy_l dl’_ 2 dy_l 2\
R i mi el i

Atz =5, g—z = —5.
Match: (A) — ().
Given 23 + 22y + y? = 21z, differentiate implicitly:

d d
322 + 2zy + 2% + 2y—y = 21.
dx dx

Rearrange:

(:1:2 + Qy) Z—i =21 —32% — 2zy.

Substituting (z,y) = (1,1):

dy dy 16
3—=21-3-2=16 — — = —.
dx dx 3

Match: (B) — (III).
Given f(z) = 23 log, <, simplify as f(z) = —23log, 2. Compute f’(z) using the product rule:
f'(z) = —di(m?’ log, ) = —[32%log, = + 2.
Xz
2

f(z) = =32%log, z — 2°.

Compute f”(z):
f"(z) = —6xlog, v — 5.

Atz =1,log,1=0:

fy=-1, ff)=-5 = f1)+f'(1)=-1-5=—6.

Match: (C) — (II).

Given y = f(«2?) and f'(z) = /z, use the chain rule:
d?/_/2.i 2 12y
W @) L) = )2
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Atz =0:

Match: (D) — (IV).

When solving matching problems, verify each match independently to avoid errors due

to interdependencies.

Question 85: A coin is tossed twice. Then:

List-1 List-1I
(A) P(exactly 2 heads) | (I) 1
(B) P(atleast 1 head) | (I) 1
(C) P(at most 2 heads) | (III) 2
(D) P(exactly 1 head) | (IV) 3

Choose the correct answer from the options given below:

(D) (A)-(D), (B)-AD), (O)-(1I), (D)-(IV)
(2) (A)-(D), (B)-(ID), (C)-(1D), (D)-(IV)
(3) (A)-(1I), (B)-(IV), (C)~(D), (D)-(11)
(4) (A)-(II), (B)-(IV), (C)~(D), (D)-(11)

Correct Answer: (2) (A)-(I), (B)-(III), (C)-II), (D)-(IV)

Solution: (A): P(exactly 2 heads) occurs when both tosses are heads (HH). The probability
is:
P(exactly 2 heads) = }l
Thus, (A)-(D).
(B): P(at least 1 head) occurs in the cases HT, TH, and HH. The probability is:

P(at least 1 head) = 1 — P(no heads) =1 — zll = g
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Thus, (B)-(I1I).
(C): P(at most 2 heads) includes all possible outcomes (HH, HT, TH, TT). The probability is:

P(at most 2 heads) = 1.

Thus, (C)-II).
(D): P(exactly 1 head) occurs in the cases HT and TH. The probability is:

P(exactly 1 head) = Z = %

Thus, (D)-(IV).

When solving probability problems for coin tosses, list all possible outcomes to simplify

calculations.
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