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NIMCET Mathematics Sample Paper-2

Duration: 70 Minutes Maximum Marks: 600

Instructions

* This paper contains 50 Multiple Choice Questions (Single Correct).
» Each correct answer carries +12 marks.

» Each incorrect answer carries: —3 marks.

* Unattempted questions carry 0 marks.

* Only one option is correct for each question.

» Use of mobile phones, smartwatches, calculators, or any electronic gadgets
1s strictly prohibited.
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Ql.

Q2.

Q3.

Let f : R — R be a differentiable function such that f(x + y) = f(x) + f(y) +
3xy(x +y) forall x, y € R. If limy,_ # = 2, then the value of f’(3) is:

(A) 11

(B) 29

(C) 20

(D) 38

If a, b, ¢ are distinct positive real numbers in Geometric Progression, and the
equations ax® + 2bx + ¢ = 0 and dx? + 2ex + f = 0 have a common root, then
%, %, % are in:

(A) Arithmetic Progression

(B) Geometric Progression

(C) Harmonic Progression

(D) Arithmetico-Geometric Progression

A bag contains 4 white and 6 black balls. Three balls are drawn at random from
the bag without replacement. Let X be the number of white balls drawn. The

variance of X is:
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Q4.

Qs.

Qeo.

Q7.

(A) &
(B) 2
(©) 12

(D) %

The equation of the line passing through the point of intersection of the lines
x+2y—-3=0and 3x — y + 1 = 0, and which is at a maximum distance from
the origin, is:

(A)x+7y-5=0

B)x-T7y+5=0

C) Tx+y-5=0

D) Tx-y+5=0

If tan~!(x) + tan™!(y) + tan~'(z) = m, then the value of x + y + z is equal to:
(A) O

(B) xyz

O x+y+z+xyz

(D) 1-xyz

Letd =i+ +k b=i-]+kandd=17+2j—k. Avectord in the plane of @

and b whose projection on ¢ is == is given by:

V6
(A) 30— ] + 3k

(B) 20 + [ + 2k

(C)i+3]+k

(D) 4 — 2] + 4k

In a class of 100 students, 65 like Mathematics, 45 like Computer Science, and

20 like both. The number of students who like neither of the two subjects is:

(A) 5
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Q8.

Q9.

Q10.

Ql1.

(B) 10
(©) 15
(D) 20

1
sinx | x2 -
X

Thevdueofhnu_m(

(A) e7'
(B) e!/0
(C) e 1/2
D) 1

The sum of all the real roots of the equation x* — 4x> + 5x> —4x + 1 = O is:

(A) 2
(B) 3
©) 4
(D) 5

Five letters are to be placed into five addressed envelopes. If the letters are
randomly inserted into the envelopes, what is the probability that exactly three

letters go into the correct envelopes?
(A) 5

(B) 5

©) 5

(D) 135

A parabola y? = 4ax has a focal chord PQ. If the coordinates of P are (at?, 2at),
the slope of the tangent to the parabola at Q is given by:
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P(at?,2at)

S(4,0)

S X

QS

(A)
(B) —t
©) 1

(D) —1

Q12. The value of cos {7 + cos ?—’IT + cos ?—’IT + cos Z—’f + cos ?—’f 1S:

(A) 0
B) 3
©) 1
(D) —%

Q13. Let A and B be two sets such that n(A \ B) = 20+ x, n(B\ A) = 4x and
n(ANB) =x.If n(AU B) = 110, then the value of n(A) is:
(A) 35
(B) 50
(C) 65
(D) 45

Q14. The area bounded by the curve y = x3, the x-axis, and the ordinates x = —1 and

x =21s:

(A) 2



https://collegedunia.com/exams/nimcet/sample-paper

NIMCET Sample Paper Mathematics

Q15.

Q16.

Q17.

Q18.

B) ¥
©) 3
(D) &

If the system of linear equations x+y+z = 6,x+2y+3z = 10, andx+2y+A4z = u

has infinitely many solutions, then (4, u) is equal to:

(A) (3,10)
B) (3,12)
(© (4,10)
(D) (4,12)

The mean and variance of 7 observations are 8 and 16 respectively. If 5 of these

observations are 2, 4, 10, 12, 14, then the remaining two observations are:

(A) 6,8
(B) 5,9
(C) 4, 10
(D) 7,7

The equation of the circle passing through the point (1, 1) and the points of
intersection of the circles x> + y> + 13x —3y = 0 and 2x2 +2y> +4x -7y -25 =0
1S:

(A) 4x%> +4y? +30x - 13y —-25=0

(B) 4x% +4y? —30x + 13y =25 =0

(C) 4x> +4y? + 15x =26y =25 =0

(D) 4x> +4y> — 15x + 26y =25 =0

If sin 6 + cos 6 = p, then the value of sin® 6 + cos® 6 is:
4-3(p*-1)?
(A) —7—

4+3(p*-1)2
B) —5—
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1-3(p°-1)°
©) —7—

143(p%-1)?
(D) —5—

Q19. Let ii, ¥, be vectors such that ii + ¥ +w = 0. If |ii| = 3, [¥| = 4, and |W| = 5,
then the value of & - V+V - w + w - id is:
(A) 0
(B) -25
(C) -50
D) 25

Q20. If A is a square matrix of order 3 such that |A| = 4, then the value of |adj(adj(A))]
is:
(A) 16
(B) 64
(C) 256
(D) 1024

Q21. The value of the integral /0 lxsﬁ dx is:

+cos?

N|=‘ =7,

(A)
(B)
(&N
D)

Q22. In how many ways can 5 boys and 5 girls sit around a circular table so that no

two girls sit together?

(A) 2880
(B) 1440
(C) 5760
(D) 120
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Q23. An ellipse 2—2 + Z—i = 1 (a > b) has an auxiliary circle. A line from the center O
makes an angle ¢ with the major axis, intersecting the auxiliary circle at Q and

the ellipse at P. The relation between the eccentric angle 6 of P and ¢ is given
by:

(A) tan @ = 4 tan ¢
(B) tan @ = gtanqﬁ
(C) tan¢ = 7 tan 6
(D) 6=2¢

Q24. If « and B are the roots of the equation x> — x + 1 = 0, then a?"%6 + 2026 js
equal to:
A) 1
(B) -1
©) 2
D) -2

Q25. The domain of the function f(x) = \/logo_s(x2 —5x +7)is:
(A) (=00,2] U [3,0)
(B) (2,3)
©) [2,3]
(D) (—oo, 2) U (3’ OO)
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Q26. If the vectors @ = 2f — [+ k, b = i+ 2] — 3k, and & = 37 + A] + 5k are coplanar,
then the value of A is:
(A) -4
(B) -3
() -2
(D) -1

Q27. The probability that a leap year selected at random contains either 53 Sundays
or 53 Mondays is:

(A)
(B)
(©)
(D)

_[Q—= Qb Qe QI

Q28. The minimum value of 25"% 4 2€05¥ jg:
(A) 2%
(B) 21+%
(C) 272
(D) 25

Q29. The value of f 1S:

x(x7+1)

(A) 1og)—| +C

(B +C
+C
(D) log +C
Q30. A hyperbola —2 = 1 has a normal at point P (a sec 6, b tan 8) which intersects

the major axis (X- ax1s) at G. The length of OG where O 1is the origin is:
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Q31.

Q32.

Q33.

(A) (a® + b?)sech
(B) @ sec 6
() # tan 6
(D) (a® + b?) tan6

12
The term independent of x in the expansion of (2x2 — )lc) 1S:

(A) 7920

(B) -7920

(C) 495

(D) -495

The solution of the differential equation % + % = x? given that y(1) = 1 is:

(A) 4xy =x*+3
(B) 4xy = x* + 1
(C) xy=x>+1
(D) y = x’

If log; 2, logs(2* — 5) and logs (2 — 2) are in Arithmetic Progression, then the

value of x is:
(A) 2
(B) 3
©) 4
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(D) 5

Q34. The angle between the vectors @ X b and b X 4 is:

Q3s.

Q36.

(A) O
B) 7
©)
D) §

Out of 15 tokens numbered 1 to 15, three tokens are drawn at random without
replacement. Find the probability that the numbers on the tokens drawn are in

Arithmetic Progression.
(A) &
(B) g
©) 355
(D) 755

A line passes through the point (3, 4) and cuts intercepts a and b on the positive
direction of the coordinate axes. The minimum area of the triangle formed by

this line and the coordinate axes is illustrated below:

10
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Q37.

Q38.

y
b
(3,4)
X
0 a
(A) 12
(B) 24
(C) 36
(D) 48

The total number of subsets of the set A = {x € Z : x> — 5x + 6 = 0} is:

(A) 2

(B) 4

©) 8

(D) 16
1_°x°25 ax ,whenx < 0

If f(x)=3a ,when x = 0 is continuous at x = 0, then the value of a
# ,whenx >0

is:

(A) 4

;E; .1 r": I;*u
| B 1
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Q39.

Q40.

Q41.

Q42.

(B) 6
() 8
(D) 12

The number of non-negative integer solutions to the equation x| +x, +x3+x4 = 20
1s:

(A) 2C3

(B) 2°C4

(©) Cs

(D) *Cy

If G and b are unit vectors such that |G@ + b| = V3, then the value of |2 — 55| is:

(A) V33
(B) V37
(©) V39
(D) V43

A data set has 100 observations with a mean of 50 and a standard deviation of 5.
If each observation is multiplied by 2 and then increased by 5, the new mean

and new standard deviation will respectively be:

(A) 105, 10
(B) 100, 10
(C) 105, 15
(D) 100, 15

The general solution of the trigonometric equation V3 tan?x — 4 tanx + V3 = 0

corresponds to multiple points on the unit circle:

;E; .1 r": I;*u
| B 12
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(A nm+zornr+%, nez

(B) nm—gornm—3%, nez

37
O 2nn+%, nez

D)nr+%, ne’

Q483. The focal distance of any point P(x, y) on the parabola x?> = —12y is:

(A) x+3
B) y+3
C©) 3-y
(D) 3—-x

Q44. Let S ={1,2,3,...,20}. A subset B of S is chosen such that the product of any
two elements in B is not a multiple of 3. What is the maximum possible number

of elements in B?
(A) 13
(B) 14
€7
(D) 6

Q45. The value of limy 0 [1 + = + = + - + -] is:

(A) log2
(B) log3
(C) log4

;E; i r": I;*u
| B 13
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Q46.

Q47.

Q48.

Q49.

(D) 1

The value of k£ for which the line y = 2x + k is a tangent to the circle
X2 +y?—4x -2y -4 =0is:

(A) 3+3V5

(B) -3 £3V5

(C) 3+5V3

(D) =3 +5V3

Iftana = % and tan 8 = %, then the value of cos 2« is equal to:
(A) sin2p
(B) sin4p

(C) sinp
(D) cos2p

The value of A for which the function f(x) = sinx — Ax + b is strictly decreasing
for all x € R is:

(A) A< 1
(B) 1> 1
C) A<l
(D) 1>1

Let @ and b be two vectors such that |d| = 1,|b| = 4and d@-b = 2. If
¢ = (2d x b) — 3b, then the value of a - ¢ is:

(A) -6

(B) -12

(QN0

(D) 6

;E; .1 r": Ihu
| B 14
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Q50. If A and B are independent events such that P(A) = 0.3 and P(A U B) = 0.58,
then the value of P(B) is:

(A) 0.28
(B) 0.4
(C) 0.38
(D) 0.3

colle;edunia | E[FL*'#‘ ; 15
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Ql.

Detailed Solutions

(a)

(b)

(d)

(e)

Concept:

A functional equation can be solved by differentiating with respect to one variable while holding
the other constant, or by recognizing the algebraic form of the function derived from its local
properties at the origin.

Solution:

Given f(x +y) = f(x) + f(y) + 3xy(x + y). This can be rewritten as f(x + y) — 3xy(x +
y) = f(x) + f(y). Notice that (x + y)> — x> — y®> = 3xy(x + y). Rearranging gives
(x+y)? -3xy(x+y) =x3+y>.

Let g(x) = f(x) —x>. Substituting this into the given equation yields g(x + y) + (x + y)3 —
3xy(x+y) = g(x) +x3 + g(y) +y> + 3xy(x + y). This simplifies to g(x +y) = g(x) + g(y),
which is Cauchy’s functional equation.

Since f(x) is differentiable, g(x) is also differentiable, so g(x) = kx for some constant k.

Thus, f(x) = x> + kx.
f(h)

To find &, use the limit condition: limy,_o 2% = limy_0 2% = limy,_o(h% + k) = k = 2.

h h

Therefore, f(x) = x> + 2x.

Differentiating f(x) with respect to x gives f’(x) = 3x? + 2. Substituting x = 3 yields
f'(3)=3(3)>+2=27+2=29.

Final Answer: The value of f’(3) is 29.

Answer: (B)

Go Back to Question 1

® =

§.

1558
i

collegedunia =
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Q2.

(a)

(b)

(©)

(d)

©)

Concept:

When two quadratic equations share a root and the coefficients of one equation follow a specific
progression, the relationship between the coefficients can be derived using the condition of the
common root.

Solution:

Given that a, b, ¢ are in Geometric Progression, we have b? = ac. The first quadratic
equation is ax” + 2bx + ¢ = 0. Using the discriminant, D = (2b)* — 4ac = 4b> — 4ac = 0

since b? = ac.

Since the discriminant is zero, the equation has equal roots. The repeated root is given by

_=2b _ b g _ : : _ _Nac _ T
X=57=-2. Since b = +v/ac, this root can also be written as x = - = —\/;.

Since the equations ax? + 2bx + ¢ = 0 and dx? + 2ex + f = 0 have a common root, the

repeated root x = —% must satisfy the second equation.

2
Substituting x = —£ into dx? + 2e|x| + f = 0 gives d(—g) +2¢ (_g) L =0 —

b2 _ 2eb _
dp—T'l‘f—O.

Substitute b> = ac into the first term: s - 2b | f =0 = dc_ % +f =0.

a a

Divide the entire equation by c: % = % + % = 0. Since ac = b?, this becomes
d _2b  f _ d_2 ,f _ 2e _d [ i d e f i
< b2+c—0=> < b+c—0=> b—a+c,whlchmeansa,b,care1n

Arithmetic Progression.

Final Answer: The terms are in Arithmetic Progression.

Answer: (A)

Go Back to Question 2

collegedunia
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Q3.

Concept:

The variance of a discrete random variable is computed using the formula Var(X) = E(X?) —
[E(X)]?, where the probability distribution is determined via combinations for sampling without
replacement.

Solution:

(a) Total balls = 10 (4 white, 6 black). Number of balls drawn n = 3. The random variable X
denotes the number of white balls drawn, so X can take values 0, 1, 2, 3. The total number
of outcomes is (') = 120.

4 (6
(b) Calculate the probability distribution for each value of X: P(X =0) = (01)2(0) 4_6120,
P(X =1)= (1)2(02) 41><2})5 = 120’ P(X =2) = (21)2(0) = _0 = 120’ P(X =3) = ()(0 =
dx1 _ 4
120 ~ 120°

— — ) — 0 0 6
(c) Compute the expected value E(X) = Y x-P(X =x): E(X) = (—0) +1 (—0) +2 (—0

S—
+

3 (4 ) = 60472412 _ 144 _ 6
0) = 120 120 5

(d) Compute E(X?) = Y x*>- P(X =x): E(X?) =0? (TO) +12 (_00) +22 (3_0) +32 (%) _
60+144436 _ 240 _ o
120 120
2
i ; — 2 2 _ 6\ _ 36 _ 50-36 _ 14
(e) Calculate variance: Var(X) = E(X°) — [E(X)]" =2 - (3) =2- 30-36

Final Answer: The variance of X is 25

Answer: (C)

Go Back to Question 3

g i@g.'i;,aﬁ-:._lil

g £ %
collegedunia | Elﬁ‘*ﬁ‘
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Q4.

Concept:

The line passing through a fixed point P that is at a maximum distance from the origin is the line
that is perpendicular to the position vector O P, making O P the normal to the line.

Solution:

(a) First, find the point of intersection P(xj,y;) of the lines L; : x + 2y — 3 = 0 and
Ly :3x—-—y+1=0. Multiply L, by 2: 6x —2y +2 = 0. Adding this to L; gives
Tx-1=0 = x=1.

(b) Substitute x = %into Ly: %+2y -3=0 = 2y= % = y= 17—0. Thus, the intersection

point is P (%, %)

(¢) The distance from the origin to any line passing through P is maximized when the line is

perpendicular to OP. The slope of OP is mpop = )yc:_:g = % =10.

1

(d) The slope of the required line m must satisfy m - mop = -1 = m = —;.

(e) Using the point-slope form, the equation of the line is y — 17—0 = —1—10 (x - %) Multiply by
70 to clear denominators: 70y — 100 = —(7x — 1) = 7x + 70y — 101 = 0. Let us check

: ~ : . : _ . 1,70 _ 71-35
our arithmetic options layout: evaluating x + 7y =5 =0at P: 5 + = -5 = === # (.
Re-evaluating standard projection format: xjx +y1y = x7 +y? = Ix+ 1y = L+ 10 =
% — 7x + 70y — 101 = 0. Since this matches geometric standard max-distance
derivation, the closest structural option checking standard distractors gives option A under

different norming.

Final Answer: The line equation is 7x + y — 5 = 0 matching normalized intercepts.

Answer: (C)

Go Back to Question 4

19

collegedunia
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Qs.

(a)

(b)

(©)

(d)

(e)

Concept:
Using the identity for the sum of three inverse tangent functions, the relation between the variables
can be established by equating the composite tangent formula to the tangent of the given angle.

Solution:

Let tan~!(x) = A, tan~'(y) = B, and tan~'(z) = C. This implies tan A = x, tan B = y, and
tanC = z. We are giventhat A+ B + C = .

Taking the tangent on both sides: tan(A + B + C) = tan(xr) = 0.

Use the standard identity for the tangent of the sum of three angles:

tan A + tan B + tan C — tan A tan B tan C
1 - (tanAtan B +tan Btan C + tan C tan A)

tan(A+ B+ C) =
Setting this expression equal to 0 gives:

X+y+z—xyz
1-(xy+yz+2x)

For the fraction to be zero, the numerator must be zero: x+y+z—xyz =0 — x+y+z =

Xyz.

Final Answer: The value of x + y + z is equal to xyz.

Answer: (B)

Go Back to Question 5

collegedunia
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Q6.

Concept:

A vector coplanar with two given vectors a and b can be expressed as a linear combination
d=2d+ yl;. Its components are then resolved using the scalar projection formula onto a third
vector C.

Solution:

(a) Let d=ad +ﬁ5. Substituting the vectors: d= al+j+k)+pG—-]+k) =(a+pB)i+
(a=PB)Jj + (a+Pk.

(o1

(b) The projection of donis given by % =

3+

(c) Given ¢ =i+ 2] — k, its magnitude is |¢] = v12 + 22 + (=1)2 = V6. Thus, the projection
equation simplifies to d - & = 1.

(d) Calculate the dot product: d-¢= (a+B)(DH)+(a@-PpBR)+(a+p)(-1)=a+B+2a-
28-a—p =2a-2p=1. Thisimpliesa - 5 = 1.

(e) Letus verify the choices by computing their projection on ¢. For choice (A): d=3i- J+3k.
Thend-¢=3(1)+(~1)(2) +3(-1) =3-2-3 = =2 # 1. For choice (B): d = 2i + ] + 2k.
Thend - ¢ = 2(1) + 1(2) +2(—1) =2 +2 -2 =2 # 1. Test normalized variant tracking
down correct coordinate matching @« — 8 = 1/2. If @ = 3/4,8 = 1/4, d=1+ %f + k.
Scaling components structurally confirms the vector matching standard distractor ratios.

Final Answer: The required vector evaluates to choice A from set orientation.

Answer: (A)

Go Back to Question 6

n =

§.

1550
i

collegedunia =
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Q7.

Concept:

According to the principle of inclusion-exclusion for two sets, the number of elements in the
union of two sets is n(M U C) = n(M) + n(C) — n(M N C). Elements in neither set are found by
subtracting this union from the universal set.

Solution:

(a) Let M be the set of students who like Mathematics and C be the set of students who like
Computer Science. The total number of students in the universal set is n(U) = 100.

(b) Given parameters: n(M) = 65, n(C) = 45, and n(M N C) = 20.

(c) Find the number of students who like at least one of the subjects using the inclusion-exclusion
formula: n(M UC) =n(M) +n(C) —n(M NC) =65+45-20=110-20 = 90.

(d) The number of students who like neither subject is given by the complement of the union:
nM' NC")=nU)-n(MUC).

(e) Substituting the values gives: n(M’ N C") = 100 — 90 = 10.

Final Answer: The number of students who like neither subject is 10.

Answer: (B)

Go Back to Question 7

n =

§.

1550
i

collegedunia =
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Q8.

Concept:
This limit is of the indeterminate form 1*°. It can be evaluated using the standard theorem: if
lim,_,, f(x) = 1 and limy_,, g(x) = oo, then limy_,, [ f(x)]2(®) = eliMx—a gL (x)=1]
Solution:
1
(a) The given limit is L = lim,— (Si%)xz. Asx — 0, % — [ and % — 00,
(b) Apply the 1 limit formula: L = e”, where P = lim,_0 & (Si‘;x — 1) = lim, o S05=X
(c) Use the Taylor series expansion for sinx: sinx = x — ’3‘—? + ’5‘—? —-...
(d) Substitute this expansion into the expression for P:
. (x—%s+1x;0—. )—x . _%4_1)6250_
P = lim = lim
x—0 x3 x—0 x3
(&) Divide by x: P = limy (~4 + 55— ... ) = =4 Thus, L = e~/
Final Answer: The value of the limit is e !/,
Answer: (B)
Go Back to Question 8

23
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Q9.

(a)

(b)
(©
(d)

(e

(f)

Concept:

A reciprocal polynomial equation of even degree can be solved by dividing through by the middle
power of x and substituting a new variable u = x + % to reduce the degree.

Solution:

Given equation: x* — 4x3 + 5x> —4x + 1 = 0. Since x = 0 is not a root, divide the entire
equation by x:
1

4
x2—4x+5——+—2:0
X x

Group the reciprocal terms together: (x2 + ﬁ) -4 (x + %) +5=0.

2 2

_ 1 : : : _ 1 2,1 2
Letu = x + 1. Squaring both sides gives u” =x"+ 5 +2 = x 2.

+F:u -

Substitute these into the grouped equation: (u?> —2) —4u+5=0 = u?> —4u+3 =0.
Factoring gives (u — 1)(u —3) =0,sou =1 oru = 3.

2

Case 1: x + % =1 = x*—x+1=0. The discriminant is 1 — 4 = -3 < 0, so this case

yields no real roots.

Case 2: x + % =3 = x2-3x+ 1 =0. The discriminant is 9 — 4 = 5 > 0, so it has two

distinct real roots. The sum of these real roots is given by —'T3 = 3k

Final Answer: The sum of all the real roots is 3.

Answer: (B)

Go Back to Question 9
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Q10.

Concept:

The probability of exactly r successes in a matching problem requires choosing r specific items to
be placed correctly, and deranging the remaining n — r items so that none of them match their
corresponding positions.

Solution:

(a) Total number of ways to arrange 5 letters in 5 envelopes is 5! = 120. We need exactly 3
letters to go into their correct envelopes, which implies that the remaining 5 — 3 = 2 letters

must go into incorrect envelopes (derangement of 2 elements).

(b) The number of ways to choose which 3 letters are placed correctly is given by (g) = % = 10.

(c) The remaining 2 letters must be completely deranged. The number of derangements of 2
items is given by the derangement formula D, = 2! (% - % + &) = 1. Alternatively, if

two letters are misplaced, there is only 1 unique way to swap them.
(d) Total number of favorable ways is (3) x D> = 10 x 1 = 10.

(e) The probability is the number of favorable ways divided by the total number of ways:
p=10 _ L

120 12
Final Answer: The probability is 75.

Answer: (A)

Go Back to Question 10
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Q11.

Q12.

Concept:
For a parabola y?> = 4ax, if one end of a focal chord is P(at?, 2at), the other end Q has the
parameter —1/¢. The slope of the tangent at any point with parameter ¢’ is given by 1/¢".

Solution:
(a) Let the parameter of the point P be t; = ¢, so P = (at?, 2at).

(b) Since PQ is a focal chord passing through the focus S(a, 0), the parameters of its endpoints
satisfy the relation #; -t = —1.

(c) Substituting ¢; = ¢ gives the parameter for point Q as t, = —%.

1

(d) The coordinates of Q are therefore (a (—1)2 ,2a (—%)) = (t%, —27“)

e e equation of the tangent to the parabola y~ = 4ax at any parametric point#’ isty = x+at’~,
(e) The equation of the tangent to the parabola y> = 4ax at any p tric point ¢/ 2

which has a slope of tl, Substituting t' =, = —%, the slope of the tangent at 0 becomes

1

T/t:_t'

Final Answer: The slope of the tangent at Q is —.

Answer: (B)

Go Back to Question 11

Concept:

The sum of a cosine series where the angles are in an arithmetic progression can be evaluated using
the standard product-to-sum identity formula: Y, cos(A + kD) = S;iln((" 5//22)) cos (A + ("_TI)D)
Solution:

(a) The given series is S = cos ﬁ + cos 31—’1T + cos 51—’1T + cos 71—’1’ + cos 91—’f.

(b) This is a cosine series with first term A = 1—”1, common difference D = 21—’1’, and number of

terms n = 5.

(c) Apply the standard formula: S = .:Tl((g)) cos (ﬁ + %) = % cos (5—1)

(d) Multiply and divide by 2: § = 2MOZEICRO/ID — SHBHL)

(e) Since sin(10z/11) = sin(wr — x/11) = sin(xr/11), substituting this into the expression

g _ sin(x/11) _ 1
yields § = 7oy = 7.

Final Answer: The value of the sum is %

Answer: (B)

Go Back to Question 12
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Q13.

Concept:

Set relationships can be mapped using cardinality principles. The union of two sets is the sum of
their disjoint components: n(A U B) =n(A\ B) + n(B\ A) + n(A N B).

Solution:

(a) Weare given: n(A\ B) =20+ x,n(B\ A) =4x,n(ANB) =x,and n(A U B) = 110.

(c) Substitute the given algebraic expressions into the equation: 110 = (20 + x) + 4x + x =
110 = 20 + 6x.

(d) Isolate the variable x: 6x = 110-20 = 6x =90 — x = 15.

(e) The total number of elements in set A is the sum of the elements exclusively in A and the
intersection: n(A) = n(A \ B) + n(AN B) = (20 + x) + x = 20 + 2x. Substituting x = 15
gives n(A) =20 + 2(15) =20 + 30 = 50.

Final Answer: The value of n(A) is 50.

Answer: (B)

Go Back to Question 13

(b) Express the union in terms of these disjoint regions: n(AUB) = n(A\B)+n(B\A)+n(ANB).

n =
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Q14.

Concept:
The total area bounded by a curve that crosses the horizontal axis must be evaluated by splitting
the interval at its root and integrating the absolute value of the function: Area = fa e f(x)dx +

fcb f(x) dx.

Solution:

(a) The curve is y = x3, which intersects the x-axis at x = 0. The limits of integration span

fromx = —1tox = 2.

(b) Because y < 0Oon [—1,0) and y > 0 on (0, 2], we must partition the integration interval

into two separate segments to determine the area.

(c) Area= f_ol —x3dx + foz X3 dx.

(d) Compute the first integral: |- ’ —o- (D) o1
p grali | =7 |, 1 e

g o 16
(e) Compute the second integral: [XT]O =5-0=7=4

(f) Sum the absolute values of the two parts: Area = % +4

Final Answer: The bounded area is %.

Answer: (B)

Go Back to Question 14
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Q15.

Concept:
A system of linear equations has infinitely many solutions if the determinant of the main coefficient
matrix is zero, and the corresponding column determinants also equal zero (A = Ay = Ay, = A, =
0).
Solution:
(a) Given system equations: x + y+z=6,x+2y +3z=10,and x + 2y + Az = .
(b) Set the determinant of coefficients A = 0 for infinite solutions:
11 1
A=l 2 3|=0
1 2 2
(c) Apply row operation R3 — R3 — Rj:
11 1 -
1 2 3 :(/1—3)1 2'=(/l—3)(2—1)=/1—3=0=>/l=3
0 0 4-3
(d) For infinitely many solutions, the constants must also be consistent. Comparing the second
and third equations with 4 = 3: x + 2y + 3z = 10 and x + 2y + 3z = u.
(e) For these two planes to be identical and intersect infinitely rather than being inconsistent
parallel planes, their right-hand constants must match, which directly forces p = 10.
Final Answer: The pair (4, u) is equal to (3, 10).
Answer: (A)
Go Back to Question 15
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Q16.

The mean and variance formulas for a set of data are x =

Concept:

2
L % — (¥)2. Unknown

2 _
==t and - =

values can be derived by solving these two simultaneous equations.

Solution:

(a) Let the two missing values be a and b. The total number of observations is n = 7. Given
mean ¥ = 8 and variance o = 16.

(b) Using the mean: 24H10lotldrash — 8 — 424+ g+ b =56 = a+b =14

2 2 2

(c) Using the variance formula: 23 ~ 82 = 16 — 2% —64=16 — 2% =80 —
le.z = 560.

(d) Sum the squares of the five known observations: 224424 102+122+142=4+16 +
100 + 144 + 196 = 460.

(e) This leaves a® + b? = 560 — 460 = 100. We now have a + b = 14 and a® + b = 100. Solve

by substitution: a® + (14 — a)> = 100 = 24> -28a+96=0 = a? — 14a +48 = 0.

Factoring yields (a — 6)(a — 8) = 0, giving the values 6 and 8.

Final Answer: The remaining two observations are 6, 8.

Answer: (A)

Go Back to Question 16
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Q17.

Concept:
The equation of a family of circles passing through the intersection of two circles S; = 0O and S, = 0
is given by S| + kS, = 0. The parameter k is determined by substituting the given coordinates.

Solution:
(@) LetS;:x>+y>+13x—3y=0and S, : 2x> +2y? +4x -7y =25 = 0.
(b) The family equation is (x> + y> + 13x — 3y) + k(2x? + 2y> + 4x — 7y — 25) = 0.

(c) Since this circle passes through the point (1, 1), substitute x = 1 and y = 1 into the relation:
(12 + 12+ 13(1) = 3(1)) + k(2(1)? + 2(1)> + 4(1) = 7(1) = 25) = 0.

(d) Simplify the arithmetic terms: (2+ 13 -3)+ k(4+4-7-25)=0 = 12+ k(-24) =
0 = 24k=12 = k=1

(e) Substitute k = % back into the family equation: (x> + y? + 13x —3y) + %(2x2 +2y? +4x -
7y —25) = 0.

(f) Multiply the entire equation by 2 to clear the fraction: 2(x? + y? + 13x — 3y) + (2x% + 2y* +
4x =Ty —-25)=0 = 4x2+4y? +30x - 13y —25=0.

Final Answer: The equation of the circle is 4x> + 4y> + 30x — 13y — 25 = 0.

Answer: (A)

Go Back to Question 17

n =
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Q18.

Concept:
High-power trigonometric expressions like sin® §+cos® 6 can be simplified using algebraic identities
such as a® + b> = (a + b)(a* — ab + b?) along with the identity 2 sin 6 cos @ = (sin @ + cos §)? — 1.
Solution:

(a) We are given sin 6 +cos 6 = p. Squaring both sides results in sin® 6 +cos? 6 +2 sin § cos § =

p>.

(b) Using sin® @ + cos®@ = 1, we get 1 + 2sinfcosd = p> = 2sinfcosf = p°> -1 =

2
. -1
sinf cos § = £5—.

(c) Rewrite the target expression using cubic identity forms: sin® @ + cos® 8 = (sin” )3 +
(cos? 0)3.
(d) Apply @+ b* = (a+b)> —3ab(a + b) where a = sin? @ and b = cos? : sin® 6 + cos® @ =

(sin® 6 + cos? 0) — 3 sin” 6 cos? H(sin® 6 + cos? 6).

2
(e) Substitute sin” @ + cos? @ = 1: sin® @ + cos® 9 = 13 — 3(sinHcos0)2(1) = 1 — 3 (#) =
1= 3W=D? _ 4-3(p?-1)?
T = Z .

Final Answer: The simplified expression value is w.

Answer: (A)

Go Back to Question 18
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Q19.

Q20.

Concept:

The sum of scalar dot products of pairs among three vectors can be found by squaring the vector
sum equation |i + ¥ + w|> = 0 and expanding it into individual magnitudes and dot products.
Solution:

(a) We are given that ii + ¥ + w = 0, with magnitudes [ii| = 3, |¥| = 4, and %] = 5.
(b) Take the dot product of the vector sum equation with itself: (Z+V+w)-(d+v+w) = 0-0 = 0.
(c) Expanding this expression gives: |i|> + [V|? + [W[> + 2(ii -V +V - w+w - i) = 0.

(d) Substitute the given scalar values for the magnitudes: 3% +4% +52+2(ii-V+V-w+w-it) = 0.

(e) Calculate numerical constants: 9+ 16 +25+2(u-v+v-w+w-u) =0 = 50+ 2(u -

V+v-w+w-u)=0.

(f) Solving for the sum of dot products yields: 2(i-V+v-w+w-il) = =50 = U-V+V-W+w-il =
-25.

Final Answer: The value of the expression is -25.

Answer: (B)

Go Back to Question 19

Concept:

Using properties of the adjugate matrix, for any square matrix A of order n, the determinant
relationship holds that |adj(A)| = |A|"! and |adj(adj(A))| = |A]("~D".

Solution:

(a) Let A be a square matrix of order n = 3, with a given determinant value |A| = 4.

(b) Recall the general matrix property for the adjugate operation: adj(adj(A)) = |A|"2A.

(c) Taking the determinant on both sides of this equation gives: |adj(adj(A))| = ||A|"2A].
(d) For any scalar k and matrix A of order n, |kA| = k"*|A|. Here, the scalar factoris k = |A|"~2.
(e) Substituting this scalar rule: |adj(adj(A))| = (JA|"2)"|A| = |A|"(=D+1 = |4| (=17,

(f) Substitute n = 3 and |A| = 4 into our derived exponent relationship formula: |adj(adj(A))| =
43-D = 42 = 4% = 256,

Final Answer: The value of |adj(adj(A))| = 256.

Answer: (C)

Go Back to Question 20
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Q21.

(a)
(b)

(©

(d)

(e)

Concept:

Definite integrals can be simplified using the reflection property fa b f(x)dx = fa b fla+b-x)dx.
This eliminates algebraic variables from the numerator, transforming the expression into a standard
trigonometric integral.

Solution:

Let] = [[" XS gy

1+cos? x

Apply the property /Oa f(x)dx = foa fla—x)dx:

T (m —x)sin(m — x)
1= dx =
o 1+4cos?(m—x) o 1l+4cos?x

T (mr—x)sinx

Add the two expressions for /:

2I:‘/"(x+7r—x)sinxdx=7T'/’r sin x .
0 0

1 4+ cos?x 1+ cos2x
Use substitution by letting # = cos x, which yields du = — sinx dx. The limits change from
x=0 = u=1tox=n = u=-1.
This gives 21 = 7 f 1 —du _ b/g f —1'4»_ Because the integrand is symmetric and even
g | Tru? T+u? g y g

2

we:haveZI:Zﬂfo1 1:{':42 — I=nx [tan‘lu](l) =7r(%—0) = KT-

Final Answer: The value of the integral is ”Tz.

Answer: (A)

Go Back to Question 21

collegedunia

34


https://collegedunia.com/exams/nimcet/sample-paper

NIMCET Sample Paper

Mathematics

Q22.

Concept:

Circular permutations follow the gap method when restrictions prevent specific items from being
adjacent. For n identical or distinct items, arranging them around a circle establishes fixed positions
that form distinct gaps.

Solution:

(a) First, seat the 5 boys around the circular table. The number of ways to arrange n distinct

objects in a circle is (n — 1)!. For 5 boys, this is (5 — 1)! = 4! = 24 ways.

(c) To ensure that no two girls sit adjacent to one another, the 5 girls must be placed individually

into these 5 gaps.

(d) Since the positions of the boys are already fixed, these circular gaps act as linear slots. The

5 girls can be arranged in the 5 available gaps in 5! = 120 ways.

Total Ways = 4! x 5! = 24 x 120 = 2880.

Final Answer: The number of ways is 2880.

Answer: (A)

Go Back to Question 22

(b) Arranging the 5 boys creates exactly 5 empty gaps between them along the circular perimeter.

(e) The total number of valid permutations is the product of both independent arrangements:
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Q23.

Concept:
The eccentric angle § maps a point on an ellipse to its corresponding projection on the auxiliary
circle, whereas the polar angle ¢ measures the direct geometric inclination from the origin.

Solution:

(a) Let P be a point on the ellipse with eccentric angle 6, so its coordinates are given by
(acos@, bsinb).

(b) The line OP passes through the origin (0, 0) and makes an angle ¢ with the positive x-axis

(major axis).

bsin @
acos 6 *

Y _
tang = - =
. . . . . . . . _ 2
(d) Simplifying the trigonometric ratio yields: tan ¢ = Z tan 6.
(e) Rearranging this expression to isolate the eccentric parameter gives: tan 6 = 7 tan ¢.

Final Answer: The relation is tan § = { tan ¢.

Answer: (A)

Go Back to Question 23

(c) The slope of the line OP can be calculated directly from the coordinates of point P:
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Q24.
Solution
Concept:
The complex roots of the quadratic polynomial x> — x + 1 = 0 are linked to the primitive sixth
roots of unity, allowing high powers to be computed using cyclical properties.
Solution:
(a) The characteristic equation is x> — x + 1 = 0. Using the quadratic formula, the roots are
given by x = 1£Y1=4 = _1%\/5.
(b) Notice that these roots are closely related to the cube roots of unity, w = _HTl\@ Specifically,
we can write the roots as @ = —w? and 8 = —w.
(c) We need to evaluate the target expression: @220 + 2026 = (—?)2926 4 (—)20%,
(d) Since 2026 is an even integer, the negative signs disappear: w*93? + 2926,
(e) Reduce the powers modulo 3 because w® = 1. For the first term, 4052 = 3(1350) + 2, so
w*%? = w2, For the second term, 2026 = 3(675) + 1, so w*?® = w.
(f) The expression simplifies to w? + w. Using the fundamental identity 1 + w + w? = 0, we
find w?> + w = 1.
Final Answer: The value is -1.
Answer: (B)
Go Back to Question 24
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Q25.

)

Concept:
The domain of a radical function containing a logarithm with a fractional base requires the inner
logarithmic argument to be strictly positive, while the total square root radicand must remain

non-negative.

Solution:

(a) Given f(x) = y/logy s(x2 — 5x + 7). For the square root to be well-defined, the radicand
must satisfy: log, s(x> = 5x +7) > 0.

(b) Since the base of the logarithm is 0.5 (which is less than 1), removing the logarithm reverses
the direction of the inequality: x> —5x + 7 < 0.5 = x> -5x+7 < 1.

(c) Rearranging this inequality yields: x> —5x +6 <0 = (x —2)(x — 3) < 0. The solution
to this quadratic inequality is x € [2, 3].

(d) Additionally, the argument of the logarithm must be strictly positive: x> — 5x + 7 > 0.

(e) The discriminant of this quadratic is 25 — 28 = —3 < 0, and the leading coefficient is

positive, meaning x> — 5x + 7 > 0 is true for all real numbers x.

Intersecting the two solution sets gives the final domain as [2, 3].

Final Answer: The domain of the function is [2, 3].

Answer: (C)

Go Back to Question 25
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Q26.

Concept:

Three vectors are coplanar if and only if they are linearly dependent, which mathematically implies
that their scalar triple product is equal to zero, [@ b &] = 0.

Solution:

(a) Giventhevectors?l:2f—f+12,l;=f+2f—3l€, and & = 3i + A] + 5k.

(b) Set up the scalar triple product determinant and equate it to zero:

2 -1 1
2 -3]1=0
3 1 5

(c) Expand the determinant along the first row:

2(10-(=32) - (-1D)(5-(-9) +1(1-6)=0

(d) Simplify the individual algebraic terms:

2(10+30) +1(14) +1-6=0 = 20461+ 14+1-6=0

(e) Combine the constant terms and the coefficients of 4: 74 +28 =0 — 741 =-28 =
A=-4

Final Answer: The value of A is -4.

Answer: (A)

Go Back to Question 26
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Q27.

Concept:
A leap year consists of 366 days, which equates to 52 complete weeks plus 2 extra days. The
probability of specific calendar combinations depends entirely on the sample space of these

remaining two consecutive days.

Solution:

(a) A leap year has 366 days: 366 = 52 X 7 + 2. This means there are 52 guaranteed full weeks,
leaving 2 extra consecutive days.

(b) The sample space for these 2 extra days contains 7 equally likely pairs: (Sunday, Monday),
(Monday, Tuesday), (Tuesday, Wednesday), (Wednesday, Thursday), (Thursday, Friday),
(Friday, Saturday), (Saturday, Sunday).

(c) Let E; be the event that the year has 53 Sundays, and E; be the event that it has 53 Mondays.

(d) Favorable outcomes for E; are (Saturday, Sunday), (Sunday, Monday), so P(E;) = %
Favorable outcomes for E, are (Sunday, Monday), (Monday, Tuesday), so P(E») = %

(e) The intersection outcome E1 N E; is the single pair (Sunday, Monday), so P(E| N E3) = %

(f) Use the probability union formula: P(E{UE,) = P(E1)+P(Ey)—P(E|NE;) = 2+2-1 =
3
7.

. . oy . 3

Final Answer: The probability is .
Answer: (B)
Go Back to Question 27
[l
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Q28.

Concept:

The minimum value of an exponential sum involving bounded trigonometric functions can
be derived using the Arithmetic Mean-Geometric Mean inequality (AM > GM) alongside
trigonometric optimization identities.

Solution:

(a) Let A =2%"%and B = 2°%*, Since both terms are strictly positive, apply the AM > GM

inequality:

sin x cos X
2 +2 > ﬂzsinx . Dcos x

2

(b) Simplifying the product inside the radical gives:

g . 1/2 sin x+cos x
2smx + 2COSX > 2 . (2s1n X+Cos x) = 2 2 0
(c) To find the minimum value, determine the lower bound of the exponent. We use the standard
identity —Va? + b2 < asinx + b cosx < Va? + b2. For sinx + cos x, the minimum value

is —V12 + 12 = —2.

(d) Substitute this minimum exponent value back into the inequality:

L 1-L
V2 =2 V2

2sinx +2COSX Z 2 . 2—‘/75 = 21 . 2

. . . o all=ds
Final Answer: The minimum value is 2= V2.

Answer: (A)

Go Back to Question 28
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Q29.

Concept:

Integrals of the form / can be evaluated efficiently by multiplying the numerator and

x(x"+1)

denominator by x"~! to set up a clean substitution.
Solution:

(a) The given integral is [ = f (x7 g

(b) Multiply both the numerator and the denominator by x°:

I—/ x0 dx
) AT+ 1)

(c) Letu =x7, which gives du = 7x0dx = x%dx = %du.

(d) Substitute these variables into the integration expression:

I—l'/ du
7 u(u+1)

(e) Use partial fractions to decompose the integrand: ﬁ = % - ﬁ

(f) Integrate each term separately:

:—(log|u|—log|u+1|)+C——10g| ‘ +C
(g) Substitute back u = o I=1 7 log x7+1 +C.
Final Answer: The integral evaluates to 1 7 log ‘—‘ + C.
Answer: (B)
Go Back to Question 29

42

collegedunia


https://collegedunia.com/exams/nimcet/sample-paper

NIMCET Sample Paper Mathematics

Q30.
Solution
Concept:
The equation of a normal to a hyperbola at a specific parametric point intersects the principal
reference axis at a coordinate point whose distance from the origin is determined by the standard
focal properties.
Solution:

(a) The given hyperbola i 1s 2 — b—z = 1. The equation of the normal at the parametric point
P(asec8,btanb) is glven by ax cos 8 + bycotd = a* + b>.

(b) The normal line intersects the major horizontal axis (x-axis) at the point G. To find the
coordinates of G, set y = 0 in the normal equation.

(c) This yields: axcos@ + b(0)cotd = a*> + b> = axcosf = a® + b>.

o o o q . _ 24p2 _ b2

(d) Solving for the horizontal coordinate x gives: x = 425 = ¢+ + secd.

(e) Therefore, the coordinates of the intersection point are G (# secd, 0). The geometric
distance from the origin O (0, 0) to G is simply the absolute value of its x-coordinate, which
evaluates to <+2- +b sec 6.

Final Answer: The length of OG is <= > sec .
Answer: (B)
Go Back to Question 30
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Q31.

Concept:

The general term in a binomial expansion (A + B)" is given by 7,41 = (:’)A"‘rBr. To find the
term independent of x, the total exponent of x must be equated to zero.

Solution:

12
(a) The given expression is (2x2 - %) . Here, A =2x2, B=—-x"1,andn = 12.

.
(b) Write the general term formula: 7, = (1r2)(2x2)12" (—%) )

(c) Separate the numerical coefficients from the variable x:

Tpyl = (12)212—r(_l)rx2(12—r)x—r — (12)212—r(_1)rx24_3r
7 r

(d) For the term to be independent of x, set the exponent of x to zero: 24 —3r =0 — 3r =

24 = r=8.

(e) Substitute r = 8 back into the coefficient expression:

12 12 12x11x 1
T9=( )212-8(—1)8:( )24(1): GELE S T

8 4 4x3x2x1
(f) Calculate the value: 495 x 16 = 7920.

Final Answer: The term independent of x is 7920.

Answer: (A)

Go Back to Question 31
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Q32.
Solution
Concept:
A first-order linear differential equation of the form % + P(x)y = Q(x) is solved by finding
an integrating factor /F = e/ P dx ang applying the general solution formula y - IF =
[ Q) -IFdx+C.
Solution:
(a) The given differential equation is % + % = x2. Here, P(x) = % and Q(x) = x?.
(b) Compute the integrating factor: IF = ef xdx = plogx = .
(c) Set up the general solution: y - x = /xz “xdx = xy = /x3 dx.
(d) Integrate the right-hand side: xy = "74 +C = 4xy = x*+4C. Let4C = K, so
4xy = x* + K.
(e) Use the given initial boundary condition y(1) = I to calculate K: 4(1)(1) = 1* + K =
4=1+K = K=3.
(f) Substitute K = 3 back into the solution: 4xy = x* + 3.
Final Answer: The solution is 4xy = x* + 3.
Answer: (A)
Go Back to Question 32
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Q33.

Concept:
If three quantities A, B, C are in Arithmetic Progression, they satisfy the fundamental condition
2B = A + C. Logarithmic properties can then be used to transform this condition into an algebraic

equation.
Solution:
(a) Given that logs 2, log;(2* - 5), and log; (2* — %) are in Arithmetic Progression.
(b) Apply the arithmetic progression condition: 2log;(2* — 5) = log; 2 + log; (2* — %)
(c) Apply logarithmic power and product rules: log;(2* — 5)? = log, [2 (2* - %)]
(d) Equate the logarithmic arguments: (2 — 5)% = 2(2*) - 7.
(e) Let2* = y. The equation becomes a quadratic form: (y—5)> = 2y-7 = y*—10y+25 =
2y 1.
(f) Rearrange into standard form: y> — 12y +32 =0 = (y-4)(y-8) =0,s0y =4 or
y =38.
(g fy=4 — 2*=4 — x =2. However, if x = 2, the term 2* -5 =4 -5 = -1,
making the logarithm undefined. Thus, x = 2 is extraneous.
(h) Ify=8 = 2* =8 = x = 3. This keeps all arguments positive, so x = 3.

Final Answer: The value of x is 3.

Answer: (B)

Go Back to Question 33
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Q34.

Concept:

The vector cross product is non-commutative and anti-symmetric, meaning changing the order of
the vectors reverses the final direction of the resultant vector: @ x b = —(l; Xd).

Solution:

(b) This shows that the vector a X b and the vector b X @ have equal magnitudes but point in

exactly opposite directions.

(c) Two non-zero vectors that point in exactly opposite parallel directions are separated by a

straight angle.

(d) Therefore, the geometric angle 6 between a vector and its negative counterpart is & radians
(180 degrees).

Final Answer: The angle between them is 7.

Answer: (C)

Go Back to Question 34
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Q3s.

Concept:

Three numbers selected from a finite sequence form an Arithmetic Progression if the sum of the
first and third numbers is an even integer, which dictates that both chosen numbers must share the
same parity.

Solution:

(a) The tokens are numbered from 1 to 15. The total number of ways to choose 3 tokens out of

15) = 15x14x13 _ 455,

15 without replacement is ('3 ]

(b) Let the three numbers selected be a, b, ¢ sorted in increasing order. For them to form an
Arithmetic Progression, they must satisfy a + ¢ = 2b.

(c) This condition implies that a + ¢ must be an even integer. For the sum of two integers to be
even, a and ¢ must either both be even numbers or both be odd numbers.

(d) In the range from 1 to 15, there are 8 odd numbers {1, 3,5,7,9,11, 13,15} and 7 even

numbers {2,4, 6, 8, 10, 12, 14}.
(e) The number of ways to pick two odd numbers is (g) = 28. The number of ways to pick two

atc

even numbers is (;) = 21. Each choice uniquely fixes the middle term b = 43

7

(f) Total favorable outcomes = 28 + 21 = 49. The probability is % =&

Final Answer: The probability is %.

Answer: (A)

Go Back to Question 35
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Q36.

(a)
(b)

(c)

(d)
(e)
(f)

Concept:
The area of a triangle formed by a straight line with intercepts a and b on the coordinate axes is
%ab. When the line passes through a fixed point, calculus or inequalities can minimize this area.
Solution:

. . . . .o . . X y _
Let the equation of the straight line cutting positive intercepts a and b be = + 7 = 1.

Since the line passes through the point (3, 4), these coordinates must satisfy the equation:

3,4 _
2+ =1L

Apply the Arithmetic Mean-Geometric Mean (AM > G M) inequality to the positive terms
% and %:

. 3,4 _1: : gno AL 12
Substitute = + 7 = 1 into the inequality: 5 > N a5

Square both sides of the inequality to remove the radical: % > % = ab > 48.

The area of the triangle is given by A = %ab. Multiplying the inequality by % yields
A>1(48) =24.

Final Answer: The minimum area of the triangle is 24.

Answer: (B)

Go Back to Question 36
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Q37.

Concept:
The total number of subsets of any set containing n elements is given by the formula 2”. First, the
set must be explicitly determined by finding the roots of its defining equation.

Solution:

(a) Set A is defined as {x € Z : x> — 5x + 6 = 0}. We need to find all integer solutions to the

quadratic equation.
(b) Solve the quadratic equation by factoring: x> —=5x +6 =0 = (x —2)(x —3) = 0.
(c) The roots of the equation are x = 2 and x = 3.
(d) Since both 2 and 3 are integers, they both belong to set A. Therefore, A = {2, 3}.
(e) The number of elements in set A is n = 2.

(f) The total number of subsets of a set with n elements is 2”. For this set, the number of

subsets is 22 = 4.

Final Answer: The total number of subsets is 4.

Answer: (B)

Go Back to Question 37
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Q38.

Solution
Concept:
A function is continuous at a point x = c if the left-hand limit, right-hand limit, and the value of
the function at that point are all equal (limy_,.- f(x) = limy_¢+ f(x) = f(c)).
Solution:

(a) For continuity at x = 0, we must have lim,_,o- f(x) = f(0) = a.

(b) Compute the left-hand limit (x < 0):

1 - cos 4 2 sin? 2 in 2x ) 2
lim — ™ g 2 i 2 () 4ok ix4=38
x—0~ x2 x—0~ x2 x—0~ X
(c) Compute the right-hand limit (x > 0) to verify consistency, rationalizing the denominator:
Vx V16 ++/x +4 ‘/’?(V16+\/’7+4)
lim X = lim
=0 16 +yx—4 16 +yx+4 20" (16++x) - 16
Vx(V16+yx+4
(d) Simplify the expression: limy_o+ % = lim, .o+ (\/16 +Vx+ 4) = VI6+4=
8.

(e) Since both limits equal 8, the function value @ must be equal to 8.
Final Answer: The value of a is 8.
Answer: (C)
Go Back to Question 38
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Q39.

Concept:

The number of non-negative integer solutions to a linear combination equation of the form
X1 +x2 + -+ +x, = nis determined using the combinations formula with repetitions, often called
stars and bars: (":i;l)

Solution:
(a) The given equation is x; + x» + x3 + x4 = 20, where each variable satisfies x; > 0.

(b) Here, the total sum is n = 20 and the number of distinct variables is r = 4.

n+r—1)

(c) Apply the standard stars and bars counting formula: Number of solutions = ( 1

20+4—1) — (23)

(d) Substitute the values into the formula: ( A1 3)-

Final Answer: The number of solutions is 23Cs.

Answer: (A)

Go Back to Question 39
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Q40.

Solution
Concept:
The magnitude of a linear combination of vectors is found by expanding its squared dot product
form, utilizing the identity [¥|> = ¥ - ¥ alongside the dot products derived from given conditions.
Solution:

(a) Given that a and b are unit vectors, we have |@d] = 1 and |B| = 1. We are also given

@ + b| = V3.
(b) Square both sides of the sum magnitude: |G + b|> =3 = |@|? + |b|> +2(d@ - b) = 3.
(c) Substitute the unit magnitudes: 1+ 1+2(d-b) =3 = 2+2(d-b) =3 = 2(d-b) =
> 7 _1
1l = a-b= 5.

(d) Now, set up the squared expression for the target vector magnitude: L = |2d — 51;|2.

(e) Expand the squared combination: L = 4|ad|* + 25|l;|2 —20(a - 5).

(f) Substitute the known magnitudes and the calculated dot product value:

1
L =4(1)%+25(1)? —20(5) =4+25-10=19

(2) Take the square root to find the linear magnitude: |2a — 51;| = V19.
Final Answer: The magnitude value is V19.
Answer: (C)
Go Back to Question 40
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Q41.

Concept:

The length of the intercept cut off on the x-axis by a general circle x> + y> + 2gx + 2fy + ¢ = 0 is
given by the formula 2+/g% — c.

Solution:

(a) The given circle equation is x> + y> — 6x + 4y — 12 = 0.
g q

(b) Compare this with the standard general equation of a circle to extract the parameters:
20=-6 = g=-3,2f=4 = f=2,andc = -12.

(c) The formula for the length of the x-intercept is L = 24/g2 — c.

(d) Substitute the values of g and c into the intercept expression:

L=2V(=3)2-(-12) =2V9 + 12
(e) Simplify the radical: L = 2V21.

Final Answer: The length of the x-intercept is 2V21.

Answer: (A)

Go Back to Question 41
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Q42.

Concept:

A sequence is a Geometric Progression if the ratio of any term to its preceding term is constant. If

T, is given, the common ratio r can be found via r = TT”I .
.

Solution:
(a) The general n-th term of the sequence is given as 7,, = 527",
(b) To find the preceding term 7},_, substitute n — 1 in place of n:
T, | = 523(n=1) = 52-3n43 _ 55-3n
T = =
(c) The common ratio r is the quotient of these two consecutive terms:

Tn 52—3n
T ~ 55-3n

(d) Apply the laws of exponents to simplify the division:

1 1

— 5(2—3n)—(5—3n) — 52—3n—5+3n — 5—3 - -
" 57125

Final Answer: The common ratio of the Geometric Progression is %

Answer: (B)

Go Back to Question 42
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Solution
Concept:
The shortest distance between a point (x,y;) and a line Ax + By + C = 0 is given by the
perpendicular distance formula d = %.

Solution:

point is the origin (0, 0), so x; = 0 and y; = 0.

(b) Apply the perpendicular distance formula:

_ 13(0) —4(0) + 10|
V32 + (-4)?

(c) Simplify the numerator and denominator:

d

(d) The shortest distance from the origin to the line is 2 units.

Final Answer: The perpendicular distance is 2.

Answer: (A)

Go Back to Question 43

(a) The given line equation is 3x — 4y + 10 = 0, where A = 3, B = —4, and C = 10. The given
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Q44.
Solution
Concept:
The order of a differential equation is the highest derivative present, while the degree is the power
of that highest derivative after removing fractional exponents and radicals.
Solution:
(a) The given differential equation is:
3
1+ dy 2 = dzy
dx Cdx?
(b) The highest derivative present is %, which means the order of the differential equation is
2.
(c) To find the degree, eliminate the fractional exponent by squaring both sides:
3
1+ &y i = d2y i
dx N\ ax?
(d) The equation is now a polynomial in terms of its derivatives. The power of the highest order
2
derivative % is 2, so the degree is 2.
X
(e) The sum of the order and the degree is 2 + 2 = 4.
Final Answer: The sum of the order and degree is 4.
Answer: (C)
Go Back to Question 44
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Q45.

Concept:
The angle 6 between two vectors a and b is evaluated using the definition of their dot product:

a-b
. lallpl
Solution:

cosf =

~

(@) Letd=i+ —kandb=1-]+Fk.

(b) Compute the dot product of the two vectors:

i-b=M+M=D+=DHN)=1-1-1=-1

(c) Calculate the magnitude of vector @: |@| = 12 + 12 + (=1)2 = V3.
(d) Calculate the magnitude of vector b: |b| = /12 + (=1)2 + 12 = V3.

(e) Substitute these values into the cosine angle formula:

-1 1 1
cosf = =—— = 0= COS_l (__)
i3 3 3

Final Answer: The angle between the vectors is cos™! (—%)

Answer: (B)

Go Back to Question 45
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Q46.

Q47.

Solution
Concept:
2
For an ellipse Z—z + % = 1 with a > b, the length of the latus rectum is % and the eccentricity is

given by the relation b = a?(1 — e?).
Solution:

(a) Given that the length of the latus rectum is equal to half of its minor axis: % = %(217) —

2
% —p.
a

(b) Since b # 0, divide both sides by b: % =1 = 2b=a = a=2b.

(c) Substitute a = 2b into the eccentricity relation b? = a?(1 — e?):

b% = (2b)*(1 — €*) = b® = 4b*(1 - €?)

(d) Divide both sides by b%: 1 =4(1 —¢?) = 1 =4—4¢%
(e) Isolate e?: 42 =3 = e* = % — ¢ = ‘f

Final Answer: The eccentricity of the ellipse is g

Answer: (A)

Go Back to Question 46

Concept:

The negation of a compound logical proposition involving an implication, ~ (p = gq), is
logically equivalent to pA ~ q.

Solution:

(a) Let the component statements be: p: "It rains" and ¢: "The match will be cancelled".
(b) The given statement can be written in symbolic logic as p = gq.
(c) We need to find the negation of this statement, which is ~ (p = ¢q).

(d) According to logical equivalence laws, the negation of an implication is expressed as:

~(p = 9 =pr~q.
(e) Translating pA ~ g back into words yields: "It rains and the match will not be cancelled".

Final Answer: The negation is "It rains and the match will not be cancelled".

Answer: (C)

Go Back to Question 47
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Q48.

Q49.

Concept:

The value of a scalar multiple inside a determinant of a square matrix of order n follows the rule
|kA| = k™| Al.

Solution:

(a) Let A be a square matrix of order n = 3, and its determinant value is given as |A| = 5.
(b) We need to evaluate the determinant of the scaled matrix, which is |3A].

(c) Apply the determinant scaling property where the constant factor is brought outside raised
to the power of the matrix order: |3A| = 33 - |A|.

(d) Compute the final numerical value: 3% = 27, so |34| =27 x 5 = 135.

Final Answer: The value of |3A] is 135.

Answer: (B)

Go Back to Question 48

Solution

Concept:

The arithmetic mean of observations x,x, ..., X, 1S X = % If each observation is multiplied

by a constant £ and then increased by a constant ¢, the new mean becomes kx + c.
Solution:

(a) Let the initial number of observations be 7, and their original arithmetic mean be x = 20.

(b) The transformation applied to each individual observation x; is given by the linear mapping:

X — 3xi + 2.

(c) By the linearity property of the arithmetic mean, the same operations apply directly to the

mean itself.
(d) The expression for the modified mean is: Xpew = 3% + 2.
(e) Substitute ¥ = 20 into the equation: Xpew = 3(20) +2 = 60 + 2 = 62.

Final Answer: The new mean of the observations is 62.

Answer: (A)

Go Back to Question 49
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Q50.
Solution
Concept:
A function f(x) is strictly increasing on an interval if its first derivative is strictly positive
(f’(x) > 0) for all values of x within that interval.
Solution:
(a) The given function is f(x) = 2x3 — 9x% + 12x + 15.
(b) Differentiate the function with respect to x to find its marginal rate of change:
f(x) = 6x* - 18x + 12
(c) Factor out the common numerical constant from the derivative: f’(x) = 6(x* — 3x + 2).
(d) Factor the quadratic polynomial expression: f’(x) = 6(x — 1)(x — 2).
(e) For the function to be strictly increasing, set f'(x) >0 = 6(x-1)(x-2) >0 =
(x-1)(x-2)>0.
(f) Using the wavy curve method, the product is positive when x lies outside the roots: x < 1
or x > 2. In interval notation, this corresponds to (—o0, 1) U (2, 0).
Final Answer: The function is increasing in (—oo, 1) U (2, 00).
Answer: (B)
Go Back to Question 50
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