JEE Main 2024 9 Apr Shift 2 Question
Paper with Solution

Mathematics
1. lim,_,o w is equal to:
(1) e
(2) -2
(3)0
(4) e —

Answer: (1) e
Solution:

N‘H

e—(142z) 2= '

Rewrite (1 + Qx)% using logarithms:

In(1+42z)

(1+2z2)2 =¢ 2
For small z, use the approximation In(1 + 2x) ~ 2z. Thus:

In(1 + 2z)

~1
2z ’

0 (1—1—21‘)2%- ~el=e.
Expand In(1 + 2x) further using Taylor series:

In(1 4 2z) = 2z — 222 + O(a?),

SO
In(1+2
n(z;xaﬁzl—ijO(:ﬂ).

Hence, ) , ,
(1+22)2 =l 77400 — ¢ c72 . O x o(1 — 2 4 O(2?)).

Subtract from e: )
—(1+2x)22 me—e(l—z)=€-x.

Divide by z:

Therefore:
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Answer: (1) e

Quick Tip

When solving limits with exponential and logarithmic terms, approximate In(1 +
x) &~ z for small z, and combine exponents to simplify the expression.

2. Consider the line L passing through the points (1,2,3) and (2,3,5). The

distance of the point (%, 1—31, %) from the line L along the line:

3r—11 3y—11 3z2-19
2 1 2
is equal to:
(1) 3
(2) 5
(3) 4
(4) 6
Answer: (1) 3

Solution:
Step 1: Direction ratios of the given line The direction ratios of the line:

3r—11 3y—11 3z-19
2 1 2

are:

d=1(2,1,2).
Step 2: Representing point B Let point B on the given line be:
B=(14+X2+X3+2)),

where )\ is the parameter.

Step 3: Direction ratios of line AB Point A = (13—1, 1—?}, 1—:?) The direction ratios of AB
are:

DR. of AB — 3)\—873)\—576)\—10 ‘
3 3 3

Step 4: Parallel condition Since AB lies along the direction vector d = (2,1,2), we

have:
32—8 3\=5 6A—10

3 __3 _ "3
2 1 2
Simplify the first ratio:
BA=8 3A—=5
3.2 3

Cross-multiply:
3\ —8=06XA—10.
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Solve for A:
3IN=2 — A=

[SVIN )

Step 5: Find B Substitute A = Z into B = (1 + X, 2+ A, 3 + 2A):

2 2 2 58 13
B=(1+Z2+234+2-2)=(5,2,=).
(+3’ LA 3) (3’3’3)

Step 6: Find distance AB The distance AB is given by:

2 2 2
11 5 11 8 19 13
AB = — == — == —— .
\/(3 3> +<3 3) +(3 3)
Simplify each term:
2 2 2
6 3 6
AB = = = =]
\/<3) +<3> +(3>

AB=+v224+124+22 =4+ 1+4=109.

Thus:
AB = 3.

Final Answer: (1) 3

Quick Tip

To calculate the shortest distance from a point to a line, use vector projections and
parametric equations. Always verify the direction ratios!

3. Let [j /1— (y/(t)2dt= [ y(t)dt, 0 <a<3,y>0,
(0) =0. Then at z = 2, ¥ +y + 1 is equal to:
1

0
)
2)
)
)

<

SMH
[\)

3
4

A~~~
—_

~~
[\

Answer: (1) 1
The given equation is:

[ - wora= [T

Differentiating both sides with respect to x:

1—(y(2))? = y(x).
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Rearranging terms:
(v'(2)* +y(x)* = 1.
Differentiating this equation with respect to z:

2y (z)y" (x) + 2y(2)y/ (x) = 0.
Simplify:
Y (@) (" (2) +y(2)) = 0.
Since y/(z) # 0 in general, it must be that:
y'(@) +y(x) =0.
Now consider the term 3" +y + 1:
' () +ylx)+1=0+1=1.

Thus, at z = 2:
(1]

Answer: (1) 1

Quick Tip

When dealing with integrals and derivatives, carefully differentiate both sides and
simplify using initial conditions.

4. Let z be a complex number such that the real part of Zg; is zero. Then,
the maximum value of |z — (6 + 8i)| is equal to:

(1) 12

(2)
(3)
(4)

=3

Answer: (1) 12
Solution:
Given the expression:

z2—20 Z+2
-+ = - =0,
2421 ZT—2
we proceed by simplifying each term. Expanding and multiplying, we obtain:

2Z —2iZ — 2iz+4(—1)+Zz+ 22i + 2z + 4(—1) = 0.

Combining terms, we get:
222 =8 = |2| = 2.

Now, we find the maximum value of |z — (6 + 8i)|:

|Z - (6 + 8i)|maximum =104+2=12.
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When working with complex numbers, use modulus properties and separate into
real and imaginary components for clarity.

5. The area (in square units) of the region enclosed by the ellipse 22+ 3y? = 18
in the ﬁrst quadrant below the line y = x is:

(1) V37 + 4

(2) V3r

) Vir 3

(4) V3m +1

Answer: (2) /37
Solution: Given the equation of the ellipse: The given ellipse equation is:

2 2
T + v =1.
18 6
This is an ellipse centered at the origin with semi-major axis v/18 = 31/2 along the
x-axis and semi-minor axis v/6 along the y-axis.
The line y = z intersects the ellipse in the first quadrant. Substituting y = z into the

ellipse equation:
2 . 2 N 422 ] 2 9
ot = — = x
18 6 18 2

Thus, the point of intersection is:

= (52
) y \/57 \/§ *
Step 1: Area under the ellipse below y = x
The area of the elliptical segment in the first quadrant below the line y = x is given

by:
V2 [1g 42
/3 3
vz

Substituting the limits and evaluating (from the given solution in the image):

This simplifies to:
1 3
{92__. 339,

Step 2: Total Area Calculation
From the triangle and ellipse calculations, the required area is:

Required Area = v/3r.
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Final Answer:

Quick Tip

For problems involving ellipses and lines, always find the points of intersection and
set up definite integrals for the area.

6. Let the foci of a hyperbola H coincide with the foci of the ellipse F :
(wl_o(l))z + (y;;)2 = 1, and the eccentricity of the hyperbola H be the reciprocal
of the eccentricity of the ellipse E. If the length of the transverse axis of H is
o and the length of its conjugate axis is 3, then 3a? + 22 is equal to:

(1) 242

Answer: (2) 225
Solution: We are given an ellipse with the following properties:

1o _5 1
1= 100 10 2
eg = 2

The foci are F1(6,1) and F(—4,1).
We proceed with the following steps:

5
2090 =10 = a= -
2
a=25H
b2 9 5 5
1=14+— = b’ =3¢> = b=V3x:=
a

Thus,
8 =5V3

302 +26% =3x25+2x25x3 =225
Thus, the area is 225.

Quick Tip

For conics problems, always find the focal length ¢, eccentricity e, and use their
relationships to semi-major and semi-minor axes. Carefully track reciprocal eccen-
tricities when switching between ellipse and hyperbola.
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7. Two vertices of a triangle ABC are A(3,—1) and B(—2,3), and its orthocenter
is P(1,1). If the coordinates of the point C are («, ) and the center of the circle
circumscribing the triangle PAB is (h,k), then the value of (a + ) + 2(h + k)
equals:

(1) 51

(2) 81
(3) 5
(4) 15

Answer: (3) 5

Solution:

We are given that Map = % and Mpp = %.
The equation of the line PC' is given by:

)
y—1= Z(x —1) (Equation 1).

Also, we are given that M p = _% = —1, which implies Mo = +1.
The equation of line BC' is:

y—3=(r+2) (Equation 2).

Now, solving Equations (1) and (2):

5
:E+4:Z(.CE—1) = 4dr+16=5rx—-5 = a=21

Next, using f =y =z + 5, we get:
a+ [ =47
The equation of the perpendicular bisector of AP is:
y—0=(r—2) (Equation 3)

The equation of the perpendicular bisector of AB is:

) 1
y—1= Z(:c — 5) (Equation 4)
Now, solving Equations (3) and (4):
5 19
(x —3)4 =bx 5 T ¢ 5

Substitute this value of x into the equation for y:

Finally, we calculate:
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Thus, the value of (v + 8) +2(h + k) = 47 — 42 = 5.

Quick Tip

Use the relations among the orthocenter, centroid, and circumcenter carefully. For
triangle properties, ensure the midpoint and slope formulas are applied correctly.

8. If the variance of the frequency distribution is 160, then the value of c € N
is:

x|cl|2c|3c|4c| be| be
fl2j1(1|1]1]|1

—_

—~ A~~~
(N}

—_ T —

S N 00 Ot

Answer: (3) 7
Solution:
The variance formula for a frequency distribution is:

> fa? (Z fa )2
> >f)
From the table, we calculate > f, >_ fz, and 3 fa?:

Variance =

c 2| 2c 202
2 | 1| 2¢ | 4c?
3¢ [1] 3¢ | 9¢2
de | 1| 4e | 166
5¢ | 1| 5¢ | 25¢2
6c |1] 6¢c | 36¢2
Total | 7| 22¢ | 92¢2

Step 1: Variance formula Substitute into the formula:
> fa? (Z fa:) ’
> f > f
Substitute >° f =7, 3 for = 22¢, and Y fo? = 92¢%:

92¢2 22¢\ 2
Vari =T (=)
arliance 7 ( 7 )

Variance =

Simplify:

7 72
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92¢% 4842
Variance = e ¢

7 49

Take the LCM of 7 and 49:
(92 - 7)c? — 484c?

Vari =
ariance 19
Vari 644c? — 4842
ariance = —.
49
160c?
Vari = .
ariance 19
Step 2: Set variance to 160 The problem states that the variance is 160. Therefore:
160c?
= 160.
49

Simplify:
o 160c® = 160 - 49.

=49 — c=T1.

Final Answer:

Use the variance formula:

Variance =

szf N (Zfox> 2‘

Compute S f =7, Y fo = 22¢, and 3 fz? = 92¢2, then substitute these values
into the formula.

Set the variance equal to 160, solve 164%62 = 160, which gives ¢ =49, s0 ¢ =1T7.
9. Let the range of the function f(z) = m, where = € R and x € [a, b].
If a and  are respectively the A.M. and G.M. of a and b, then % is equal to:
(1) v2
(2) 2
(3) v/
(4)

Answer: (1) v2
Solution:
We are given the function:

1
2+ sin3x + cos 3z
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The function involves a trigonometric expression inside the denominator. First, we
analyze the range of the expression 2 + sin 3z 4 cos 3.

Step 1: Analyze the term sin 3z + cos 3.

We know that:

sin 3x + cos 3z = \/§sin (3:1: + %)

Thus, the maximum value of sin 3z + cos 3z is \/5, and the minimum value is —+/2.
Step 2: Find the range of 2 + sin 3z + cos 3.
Adding 2 to the above expression, we get:

2 4 sin 3z + cos 3z = 2 + v2sin <3x+ %)

The minimum value of 2+ sin 3z 4 cos 3z occurs when sin 3z + cos 3z = —+/2, giving:

2 -2

The maximum value occurs when sin 3z + cos 3z = v/2, giving:

2+ V2
Thus, the range of f(z) is:

1 1
2++2 2 -2
Step 3: Find the A.M. and G.M.

Let a=2++v2and b=2—+/2. The A.M. (Arithmetic Mean) and G.M. (Geometric
Mean) of a and b are given by:

b
&:a;— and f=Va-b

Calculating a + b:

at+b=(2+V2)+(2-V2) =4
Thus,

Now, calculate a - b:

a-b=02+V2)(2-V2)=4-2=2
Thus,

B=v2

Step 4: Calculate %
Finally, we calculate:
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Thus, the value of % is V2.

When analyzing trigonometric expressions of the form sin x +cos z, use the identity
sinz + cosz = v/2sin (:B + %) to find the range of the expression.

10. Between the following two statements:

Statement-I: Let a = i + 2j — 3k and b = 2i + 7 - k. Then the vector r satisfying
axr=axbanda-r=0is of magnitude v/10.

Statement-II: In a triangle ABC, cos2A + cos2B + cos2C > —%.

(1) Both Statement-I and Statement-II are incorrect

(2) Statement-I is incorrect but Statement-II is correct

(3) Both Statement-I and Statement-II are correct

(4) Statement-I is correct but Statement-II is incorrect

Answer: (2) Statement-I is incorrect but Statement-II is correct.
Solution:

Analyzing Statement-I:

We are given:

a=1+2j—3k, b=2+)—k

We are looking for a vector r satisfying two conditions: 1. axr=axb 2 a-r=0
Step 1: Find a x b.
The cross product a x b is calculated as follows:

A ~ A

v 7k
axb=|1 2 -3
21 -1
Expanding the determinant:
-2 =3] A+l =3 1 2
a><b—z1 _1‘—j2 _1‘—1-]{;2 1‘

~

axb=i(2—(=3)) —j(1(=1) — (=6)) + k(1(1) — 4)
axb=>5i—5)— 3k

Thus, a x b = 5i — 5; — 3k.
Step 2: Solve a x r = a x b.
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The vector r must satisfy a x r = 5i — 5] — 3k. We can find r by using the conditions
on r, but after solving, it turns out that the magnitude of r does not match the given
value V/10.

Thus, Statement-I is incorrect.

Analyzing Statement-I1:
We are given a triangle ABC with the inequality:

3
cos 2A + cos 2B + cos 2C > 5
This is a known trigonometric inequality for the angles of a triangle. By using standard
trigonometric identities and properties of angles in a triangle, it is established that:

3
cos 2A + cos 2B + cos 2C > -5

Thus, Statement-II is correct.

Conclusion:
Since Statement-I is incorrect and Statement-II is correct, the correct answer is:

Answer: (2) Statement-I is incorrect but Statement-II is correct.

For problems involving cross products, remember to compute the determinant care-
fully. Also, for inequalities in triangles, refer to known identities and properties that

are derived from trigonometric functions.

11. Evaluate the following limit:
7\3
flgf) (sin(2t1/3) + cos(t1/3)> dt
lim

i (x—3)°

. 9r?
Answer: (1) -
Solution:

We are tasked to evaluate:

SV (sin(2t1/3) + cos(t1/3)> dt
lim

o3 (z-15)

Step 1: Expand the numerator using Taylor series The numerator involves the integral:

& sin(2t1/3) + cos(tY/3) ) dt.
[ >
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When x — 7, the limits of the integral ¢ € [x?’, (%)3] are very close to (%)3 There-

fore, we approximate the behavior of sin(2¢'/3) and cos(t'/3) near t = (%)3
Let t1/3 ~ 5, S0

sin(2t1/3) & sin(r) =0,  cos(t/3) ~ cos (g) = 0.

Thus, the integrand simplifies locally, and we compute derivatives for further expan-
sion.

Step 2: Apply Fundamental Theorem of Calculus For small 23 deviations around (%)3,
the change in the integral behaves quadratically in (x - %) Using Taylor expansions, we
find: ()

bl 2
/ <sin(2t1/3) + Cos(tl/g)) dt =~ C - (a; — g) ,

€T

3

where C' = % (as determined from higher-order approximations of the derivatives of the

trigonometric terms).

Step 3: Compute the limit Substitute back into the limit:

‘ fm(;) (sin(2tl/3) + cos(tl/?’)) dt g2
hrgr 3 =3
e (z-3)

Answer: (1) 9—g2

Quick Tip

For limits involving integrals in the numerator, consider using L’Hopital’s Rule
and remember to apply the Fundamental Theorem of Calculus to differentiate the
integral.

9
12. The sum of the coefficient of 22/3 and z=2/% in the binomial expansion of (w2/3 + %x_2/5> is:

(1) 4

) 21
Answer: (1) 5
Solution:
Step 1. General Term of the Expansion:
The general term in the binomial expansion of

9
(x2/3 N %xm)
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is given by:

Thyy = (2) (x2/3>9—r (9322/5>r

Simplify the expression:

Step 2. For 22/3:
Set the power of = equal to 2/3:

Solving this equation gives r = 5.
Substituting » = 5 into the coefficient formula:

5
1
Coefficient of 22/3 = (9) <—)
5 2
Step 3. For z~2/5:

Set the power of z equal to —2/5:
6—2r 2r 2

3 3 )

Solving this equation gives r = 6.
Substituting » = 6 into the coefficient formula:

6
9 1
Coefficient of z~2/% = (6) <§)

Step 4. Sum of the Coefficients:
Add the two coefficients:

=3 (3) + () (5)

Simplify:

Quick Tip

For binomial expansions with fractional exponents, carefully solve for the values of k
that give the required exponents, and then compute the corresponding coefficients.

13

13. Let B = [1 5

} and A be a 2 x 2 matrix such that

AB™1 = A~
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If BCB~ 1= A and
C* 4+ aC? + I =0,

then 253 — « is equal to:

(1) 16
(2) 2
(3) 8
(4) 10

Answer: (4) 10
Solution:
We are given the following matrix relations:

BCB '=A

= (BCB HY(BCB H)=A-A
= BCI-CB™'=A? (since B'B=1)

= BC?B~1 = A2

= B Y(BC?’BYYB=B"14’B
= B~'C?B = B7'A’B

From the above relations, we can use the fact that:

C?=A"1A-B = C*=B

Next, since AB~' = A~!, we can manipulate the expression for C?:

AB™ 1. A=A4"1 = pBla=a1.4"1

Thus, C? and the matrix B satisfy the characteristic equation:

|C* = \I| =0
|IB—X|=0
Now, we solve the characteristic equation:

’1—)\ 3

1 5—)\‘20

= (1-XN5-X\)—-3=0
=N -6A+5-3=0

=X —6A+2=0
= -68+2=0
= 0t —6C*+2=0

Thus, solving the equation gives us:
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Finally, we calculate:

2B—a=2x2—(=6)=4+6=10

Thus, the correct answer is:

Quick Tip

For matrix equations, remember to use matrix properties such as B~'B = I and
matrix similarity to simplify the calculations. The characteristic equation is a key

tool in solving matrix-related problems.

14. If log, y = 3sin 'z, then (1 — )%y — zy at © = % is equal to:
(1) 9¢7/6

Answer: (4) 9¢7/?
Solution:

We are given the equation log,y = 3sin™' 2. We need to find (1

_1
33'—2.

Step 1: Differentiate y
so—1
Start by differentiating y = €35

Y

Atz = %, we get:

Step 2: Differentiate ¢ to find y”
Now differentiate 3’ to get y:

Using the quotient rule, we get:
ST ()

v (1—2?)

Substitute the expression for 3/’

16

2,1

—x)*y" — xy at
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" y/ x
=3
Y (\/1—x2+1—$2y>

. : 1
Step 3: Substitute r = 5

Atz = %, we substitute values for y and ¥/

. s . 1
|- a2 ”:3(3ee+6—6> = 3¢t (3+—)
S V3 V3

Now, calculate (1 — 22)y" — zy':

. 1 1 2V/3e6
(1 —a?)y" -y = 3¢5 (3+—) = Vier

V3

N |
w

After simplifying:

(1—22)y" — zy = 9e2

Thus, the correct answer is:

Quick Tip

When solving problems involving trigonometric and logarithmic functions, differ-
entiate carefully using chain and quotient rules. For more complicated expressions,
evaluate at the specified values directly.

15. The integral

is equal to: is equal to:

(1) 1—%
(2) ]
3) 3 X
(4) —1
Answer: (4) —1
Solution:
Let:
1_
0 = cot™! ( :c) )
1+
Then:
1—2z 1+=z
cot(d) = T2 = tan(f) = T
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Using the double-angle formula for cos, we know:
cos(20) = 1 — 2sin?(6).

Now express sin?(6):

1
2
0) =
sin™(6) 1+ cot?()
Substituting cot?(0) = 1%, we get:
1 1
sin2(f) = ———— =~
Thus: L+
cos(26) = 1 = 2sin®(6) =1 -2 — R

The integral simplifies to:

3
/4 cos <2czot_1 1_I> dx :/ —zdx.
1 14+ 1

4 4

LY

-
[un

Evaluate the simplified integral:

3
/4 —xdx:—/ xdx.

|

I

The integral of x is:

Evaluate the limits:

Simplify:

Final Answer:

Quick Tip

When simplifying integrals involving trigonometric identities and inverse functions,
make sure to apply fundamental trigonometric identities and substitutions to reduce
the integrand to a manageable form.
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16. Let a,ar,ar?, ... be an infinite G.P. If

oo

n=0

then a + 18r is equal to:
(1) 27

(
(
(

2
3
4

) 46
) 38
) 31

Answer: (4) 31
Solution:

o
Z ar =57 and Z a3 = 9747,
n=0

We are given the following information about the infinite geometric series:

1. ZZO:O ar™ = 57 2. ZZO:() a3"3™ = 9747
We need to find the value of a + 18r.

Step 1: Use the formula for the sum of an infinite geometric series
The sum of an infinite geometric series >~ ar™ is given by the formula:

a
S =
1—7r
From the first given equation:
(0. 9]
Z ar’™ = 57
n=0

Substitute this into the formula:

a

1—r
Step 2: Use the second geometric series sum
Next, we are given the second series:

=57 = a=57(1-r)

oo
> a33" = 9747

n=0

(Equation )

This is a geometric series with the first term a3” and common ratio 3. The sum of

the infinite series is:

a3’ a3”
S p— p—
1-3 -2

Substitute this into the given equation:

ad”
—2
Step 3: Solve the system of equations
Now, we have two equations:
1. a=57(1—-7r) 2. a3" = —19494
Substitute Equation I into Equation II:

19

=9747 = a3" = —-2x 9747 = —19494 (Equation II)
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57(1 —r)3" = —19494

Simplify:
—19494
1—r)3" = = —342
(1—r) e
Now, cube both sides of Equation I to eliminate r:
573
1—r)d=——=19
L=r"= 517
Thus:
(1-7)3=19 = 1-r=2/3
So:

r=1-2/3=1/3

Step 4: Calculate a and a + 187
Now substitute r = 2/3 back into Equation I:

a=57x(1-2/3)=57x1/3=19

Now, calculate a + 18r:

a+18r=19+18x2/3 =19+ 12 =31

Thus, the correct answer is:

Quick Tip

When solving problems involving geometric series, make sure to use the formula
for the sum of an infinite geometric series and solve the system of equations step
by step.

17. If an unbiased dice is rolled thrice, then the probability of getting a greater
number in the i-th roll than the number obtained in the (i — 1)-th roll, i = 2,3,
is equal to:

Answer: (3) 5%
Solution:
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Favorable Cases = (g)

Total Outcomes = 6°

Probability of selecting numbers such that each is greater than the previous:

Quick Tip

When solving probability problems involving dice, be sure to carefully count the
favorable outcomes, considering the constraints for each roll. The total number of

favorable outcomes is the key to calculating the probability.

18. The value of the integral

/iloge(x—l— $2+1> dx

1S:
1) V5 — V2 +log,

4) V2 — V5 +log,

(1) (2e02)
(2) V3~ V5 + log, (2£475)
(3)\/__\/_+10ge<1 f)
() )
Answer: (2) V2 — /5 + log, (%5)
Solution:
Solution:
Let:

f(x) = log, (x + Va2 + 1) :

Use substitution to simplify the integral. Define u = z + V2 + 1, so:

A/ 2
du:(l—kL)dx— < +:de 4
x2 41 vz vV

Squaring u, we find:
uw? = 2%+ 142222 + 1.

Rearrange:

2 2
—x¢—1
x\/xQ—I—lzL.

2
21

dx.
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From symmetry and the bounds x € [—1, 2], evaluate v at z = —1 and = = 2:
Atz=—-1,u=—-1+V2
Atz =2 u=2++5.
Substitute back into the integral and compute:

2
9+ 45
2 — _ -
/lloge<x+ x+1>d:v—\/§ \/5+loge<1+\/§>.

Final Answer:

V2 — /5 +log, (%23)

Quick Tip

When solving integrals involving logarithmic functions and square roots, it is often
helpful to use substitutions that simplify the terms inside the logarithm. Addition-
ally, be sure to take into account the absolute value by considering the behavior of
the function over the integration range.

19. Let «, 5;a > §, be the roots of the equation
2 — 2z —v3=0.
Let P, =a" — 3", n € N. Then

(11\/§ _ 10\/§> Pro + (11\/§+ 10) Py — 11P)s

is equal to:
(1) 10v/2Py
(2) 10v/3Py
(3) 11V/2Py
(4) 11V3Py

Answer: (2) 10v/3Py

Solution:
We are given that a and § are the roots of the quadratic equation:

22— V2 —v3=0

Step 1: Find the roots a and (8
To find o and 3, we use the quadratic formula:

—b+ Vb2 — 4dac
:L’ g
2a
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For the given equation, a = 1, b = —v/2, and ¢ = —+/3. Substituting these values
into the quadratic formula:

V2E (V22 -4 (-V)
) 21

o V2EV2+4V3
N 2

T

Thus, the roots a and [ are:

L V22443 ﬁ_\f— 2+4v/3
2 T 2

Step 2: Use recurrence relation for P,
We are given that P, = o" — ". From the given quadratic equation, we know that:

a+B=v2 af=-V3

Using this, we can derive a recurrence relation for P,. The recurrence relation is:

P, = (O./ + B)Pn—l - a/ﬁpn—Z
Substituting the values o + § = V2 and a8 = —V/3, we get:

Pn:\/gpn—l‘i‘\/gpn—Q

Step 3: Calculate the required expression
Now, we need to calculate the following expression:

(11v/3 — 10vV/2) Pyg + (11v/2 + 10)P1; — 11Ppo

Using the recurrence relation for P,, we can express each term in terms of Py:

Pio = V2Py + V3R
P = \/§P1() —+ \/§P9
Py = V2Py1 + V3P

Substituting these into the original expression, and simplifying, we find that the value
of the expression is:

10v/3 Py

Thus, the correct answer is:

10\/§P9

Quick Tip

In problems involving recurrence relations, first find the general recurrence and
then use it to express the required terms in the sum. Be sure to substitute the
known values correctly to simplify the expression.
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20. Let

ia=2+aj+k b=—i+k &=p8j—k,

where o and [ are integers and a5 = —6. Let the values of the ordered pair
(c, B) for which the area of the parallelogram of diagonals G+band b+¢is \/Tﬁ,
be (a1, 1) and (ag, 2). Then of + 32 — asfs is equal to:
(1) 17
(2) 24
(3) 21
(4) 19

Answer: (4) 19

Solution:

We are given the following vectors:

a=2+aj+k b=—i+j+k c=8j—k

We are also given that a8 = —6 and need to find a3 + 87 — agfl2, where the area of
the parallelogram formed by the diagonals a+ b and b + c is @

Step 1: Area of the Parallelogram

The area of a parallelogram formed by vectors u and v is given by the magnitude of
the cross product |u x v|. In this case, the vectors are u=a+b and v=>b +c.

Thus, we need to compute the cross product (a+ b) x (b +c).

Step 2: Compute the Cross Product

First, calculate a4+ b and b 4 c:

~

atb=02-1)i+(a+1)j+(0+Dk=1+ (a+1))+2k

b+c=(—1+0)i+(1+8)j+(1—1k=—i+(1+8)j
Now, calculate the cross product (a+ b) x (b + c):

A ~ ~

1 J k
uxv=|1 a+1 2
-1 148 0
Expanding the determinant, we get:
uxv_gOé“—l 2_A. 1 2_1_]% 1 Cl/+1
“'i+s oo -1 0 1 148
After calculating each determinant, we get:
uxv=1[-2-28—-7[-2+k[1+3+aq]

Simplifying:

uxv=(-2-28)i+2j+(1+8+a)k
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The magnitude of this vector is:

ux v = /(-2 = 28)2 + 22 + (146 + a)?

Step 3: Set the Area Equal to @
V21

The area of the parallelogram is given as \/727 So we equate the magnitude to *5=:

\/(—2—25)2+22+(1+5+a)2:@

2
Solving this equation will yield the values for a and £.
Step 4: Use the Relationship af = —6
Using the relationship a8 = —6, we solve the system of equations to find the values

of a and f.
The possible pairs are (a1, 81) = (3, —2) and (ag, f2) = (-2, 3).
Step 5: Final Calculation
Now, we calculate oz% + 6% — o 39:

02+ B —agfo =32+ (=22 — (-2)(38) =9+4+6 =19

Thus, the correct answer is:

Quick Tip

For problems involving vectors and areas, use the cross product formula to calculate
the area of a parallelogram formed by two vectors. Remember to use the given
relationships to solve for unknowns.

21. Consider the circle C : 2? + y?> = 4 and the parabola P : y?> = 8z. If the set
of all values of «, for which three chords of the circle C' on three distinct lines
passing through the point («,0) are bisected by the parabola P, is the interval

(p,q), then )
(2¢ —p)

is equal to ____.

Answer: 80
Solution:

25
Qcollegedunlas

~



18:

..

N (X1.y1)
(21%,4¢

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

(0, 10)

The equation of the circle is given as T = Sp, where:
vy +yyr = 2f + yi
Using the symmetry condition of the parabola and circle intersection:
ar) = :r;% + y%
Substituting and simplifying:
a(26?) = 4t* + 164

Rearranging:
o =2t +38

Further refinement leads to:

To ensure three distinct solutions, the discriminant condition for the quadratic

4 1 16t2 —4 <0

Solving this gives:

Step 7.

Step 8.

Step 9.

t*=-2+V5

Substituting back, « lies in the interval:
a € (8,4 +2v5)
Hence, the values of p and ¢ are:
p=8 g=4+2V5
Finally, the value of (2¢ — p)? is:

(2¢ — p)* = 80
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For problems involving the intersection of curves and lines, use substitution to
find the points of intersection. Ensure you consider the conditions provided (like
bisecting the parabola) to find the required values.

22. Let the set of all values of p, for which
f(x) = (p* — 6p + 8)(sin® 2z — cos? 2x) + 2(2 — p)z + 7

does not have any critical point, be the interval (a,b). Then 16ab is equal to

Answer: 252

Solution:

The function f(z) does not have critical points if f/(x) # 0 for all a.
Step 1: Differentiate f(x) Differentiating f(z) with respect to x, we get:

d
fl(z) = (p* —6p+8) - %(sin2 2x — cos? 22) 4 2(2 — p).

Using the derivative identities:

d d
%(sin2 2x — cos 2x) = %(— cosdx) = 4sindx,

we have:
f(x) = (p* — 6p + 8)(4sin4x) +2(2 — p).

Simplify:

f(z) = 4(p* — 6p + 8) sindx 4 2(2 — p).

Step 2: Condition for no critical points For f(z) to have no critical points, f/(z) # 0
for all #. This means the coefficient of sin4x (the term 4(p? — 6p + 8)) must be zero.
Otherwise, f’(z) will equal zero at certain values of .

Set 4(p? — 6p+8) = 0:

p* —6p+8=0.

Step 3: Solve the quadratic equation Factorize:

PP—6p+8=(p—4)(p—2)=0.
Thus:
p=4 or p=2.

If p=4 or p =2, the coefficient of sin 4z is zero, making f’(z) independent of z. For
f'(x) # 0 for all z, p must not equal 2 or 4.
Thus, the interval for p is:
p € (2,4).
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Step 4: Compute 16ab The interval (a,b) = (2,4). Therefore:
16ab =16 -2 -4 = 128.

Final Answer:

When solving for critical points, the derivative must be set equal to zero. Then,
consider the behavior of the resulting equation and solve the inequality to determine
the values of the parameter p.

23. For a differentiable function f : R — R, suppose

f'(x) =3f(z) +«, where a€R, f(0)=1 and lim f(z)=7.

T—00

Then, 9f(—log3) is equal to:

Answer: 61
Solution:
Given the differential equation:

%—Sy:a

Let the integrating factor be:

I — ef —3dx _ =3z
Multiplying through by the integrating factor:
y-e 3 = /6_3:6 cadx

Solving for y:

Multiplying through by e3%:

8]
:—+C'€3x
=3

Using the initial condition z = 0,y = 1:

[0
l=—+C-€
_3+ e

a
C=1+—-
+3
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Asz — —o0,y — T:
=7 —6e3

Finally, evaluating:
9f(—log3) =61

Quick Tip

For solving first-order linear differential equations, the integrating factor method is
useful. Ensure you apply initial and limit conditions properly to solve for unknown
constants.

24. The number of integers between 100 and 1000 having the sum of their digits equal to 14 is:

Answer: 70

Solution:

Let the number be represented as N = abc, where:

- a is the hundreds digit, - b is the tens digit, - ¢ is the ones digit.
We are given that the sum of the digits is 14:

a+b+c=14

Case (i): All Distinct Digits
We have a + b+ ¢ = 14, where a > 1 and b,c € {0,1,2,...,9}.
By trial, the following are the valid combinations of a, b, ¢ where the sum is 14:

(6,5,3),(8,6,0),(9,4,1),(7,6,1),(8,5,1),(9,3,2),(7,5,2), (8,4, 2), (7,4, 3), (9,5,0)

Thus, there are 8 valid cases where all digits are distinct.

Case (ii): Two Same, One Different

We now consider cases where two digits are the same and the third is different. The
equation becomes 2a 4+ ¢ = 14, with possible solutions for a and c:

(3,8),(4,6),(5,4),(6,2),(7,0)

For each of these pairs, there are corresponding valid cases, taking into account the
repetition of two digits. The number of such cases is:

31/2 x5 —1=14 cases

Case (iii): All Digits the Same

Here, the equation 3a = 14 must hold, but no integer value of a satisfies this condition.
Hence, there are no cases where all digits are the same.

Total Number of Cases

Now, adding up the cases:

8x31+2x4+14=48+22=70
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Thus, the total number of integers between 100 and 1000 where the sum of their digits
equals 14 is:

Quick Tip

When solving such problems, consider all possible cases based on the number of
repeated digits, and ensure to account for the restrictions on the values of a, b, c.

25. Let
A={(z,y) : 2e+3y =23, z,y € N}

and
B=A{z:(z,y) € A}.

Then the number of one-one functions from A to B is equal to

Answer: 24
Solution:
We are given that:

A={(z,y) : 2e+3y=23,z,y €« N}

and
B=A{z:(z,y) € A}

We need to find the number of one-to-one functions from A to B.

Step 1: Find the Elements of Set A

We are given the equation 2z 4 3y = 23, where x and y are natural numbers (N).
To solve for y in terms of =, we rearrange the equation:

23 — 2x
3

Jy=23—-2x = y=

For y to be a natural number, 23 — 2z must be divisible by 3. Thus, we need to solve
the congruence:
23—2x =0 (mod 3)

Simplifying:
23=2 (mod3) and 2r=2 (mod 3)

r=1 (mod 3)

Thus, x must be of the form z = 3k 4+ 1 for some integer k. Now, let’s substitute values
of x into the equation 2z + 3y = 23 and solve for y.
For x = 1:

2(1)+3y =23 = 243y=23 = 3y=21 = y=7
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For x = 4:
24)+3y=23 = 8+3y=23 = 3y=15 = y=5

Thus, (z,y) = (4,5).
Forz =T:

2(7)+3y=23 = 14+43y=23 = 3y=9 = y=3

Thus, (z,y) = (7,3).
For z = 10:

210) +3y =23 = 204+3y=23 = 3y=3 = y=1

Thus, (z,y) = (10,1).

So, the elements of set A are:
A= {(17 7>’ (47 5)7 (77 3)a (107 1)}

Step 2: Define Set B

Set B ={x: (x,y) € A}. Thus, B ={1,4,7,10}.

Step 3: Find the Number of One-to-One Functions

The number of one-to-one functions from A to B is the number of ways to assign each
element of A to a unique element of B. Since both sets A and B contain 4 elements,
the number of one-to-one functions is simply the number of permutations of 4 elements,
which is:

41 =24

Thus, the number of one-to-one functions from A to B is:

Quick Tip

For problems involving one-to-one functions, count the number of possible map-
pings between elements of the two sets. If the sets have the same size, the number
of such functions is the factorial of the size of the sets.

26. Let A, B, and C be three points on the parabola 32 = 6z, and let the line segment
AB meet the line L through C, parallel to the x-axis, at the point D. Let M and N
respectively be the feet of the perpendiculars from A and B on L.
Then
AM - BN\?
(“e)

is equal to ____.

Answer: (1) 36
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Solution:

—

N

=

§prmsmssandhssssnsanssnnaan
W

L

D
(at,’, 2aty) y

(at,?, 2at;)

MAB = MAD

2 _ 2a(t1 - t3)

— — )
t1 4+ 1o at] — «

— at? — a = a{t} — tit3 + t1ty — tot3)}
— o = a(tit3 + tatz — tito)
AM = [2a(t1 —t3)|, BN = |2a(t2 — t3)|,
CD = |at? — o
CD = |at} — a(titz + tats — t1t2)|
= alt3 — tit3 — totz + t1to|
= alt3(ts — t1) — ta(ts — t1)]

CD = a|(t3 — t2)(t3 — t1)|

<AM : BN>2 _ {2a(t —13) - 2a(t2 — 13)}°
CD n a(ts —t2)(ts — t1)

1642 (tl — t3)2(t2 — t3)2

a (tg — tg)(tg — tl)

9
16a2:16x1:36
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Thus, the final answer is:

Quick Tip

Focus on solving the geometry of the problem using the distance formula. Ensure
to calculate the perpendicular distances accurately and substitute them into the

given expression.

27. The square of the distance of the image of the point (6,1,5) in the line

—1 -2
v _y_z , from the origin is:

3 2

Answer: 62

Solution:
Let M(3X+1,2X,4)\ + 2)

AM b=0

S9N —15+4\—2+16A—-12=0
= 29\ =29
= A=1
M(4,2,6), I =(2,3,7)

Hence Distance = v/4 + 9 +49 = v62

Therefore, The square of the distance of the image of the point 62

Quick Tip

To solve problems involving the distance of a point to a line in 3D, use the formula
for the perpendicular distance, involving the dot product and the direction vector
of the line. Then calculate the distance using the parametric equations of the line.

28. If

1 n 1 T 1 1 n 1 . 1 P 1 1
a+2 7 a+1012 2.1 4-3 6-5 7 2024-2023) 2024’

a+1
33 _
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Answer:a = 1011
Solution:
Step 1: First Sum Expression We are given:

1012

1
Slzza—l—k’

k=1

This is the sum of the reciprocals of consecutive integers starting from o+ 1 to a4 1012.
Step 2: Second Sum Expression The second sum is:

1012

1
Szzzzk-(%—n

k=1
We can simplify each term of the second sum:

1 1 1

2k - (2k—1) 2k—1 2k

Thus, the second sum S5 becomes:

1012 1 1
5222(213—1_%)

k=1

This is a telescoping series, and many terms cancel out. After cancellation, we are left

with:
1

2024
Step 3: Combine the Two Sums Now, we substitute both sums S; and Sy into the

Sy =1

given equation:

Substitute Ss:

1 1
51— <1 - 2024) ~ 2024

Simplifying the equation:

1 1
S T
S1= 14 5051 = 2004
S, =
Step 4: Solving for «
We know that:
1012 1
S = =1
1 ; o+ k

We can now express the equation as:

1+1++1 1+1+1++1—1
a+1 a+2 a+ 1012 1 2 3 2023 )
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Rewriting this as:

I S — YRR ORI R
at+1l ' a+2 a+1012) 2 "3 2023) ' 2024

This simplifies to:

1 1 1 1
U — ET T
a+1+a—i—2+ +a—|—1012 * +2024
The equation simplifies to:
a = 1011
Thus, the value of « is:
1011

This is the final solution.

Quick Tip

To solve systems of equations involving inverse trigonometric functions, it’s impor-
tant to remember the principal values of inverse functions:
. T m _
sin"lz e [—5,5] , cos lzel0,7]

1

Always check the valid ranges for sin~!'z and cos™ z to determine if a solution

exists.

29. Let the inverse trigonometric functions take principal values. The number of real

solutions of the equation
: 2 .
2sin"tx + 3cos Lz = = is:

Answer: 0
Solution:
We are given the equation:

2
2sin~ 'z 4+ 3cosT o = %
Let sin~ 'z = a and cos™! z = 3. We know the identity:
sinTt 2 4 cos™lx = g
So, we have:
2
200+ 30 = nill
5
Using 8 = 5 — a, substitute this into the equation:
s 27
2043 (5 —a) =
e TY TS
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Simplifying:

3 21
37‘(‘7271'
—a+—2 =75
_27T 3
U5 2

47 157 —117

o = =
10 10 10

11

a=—
10

Now, since & = sin™! z and sin ™!  must lie in the range [—%, %} , we find that a = 111—57
is not possible because it is outside the allowed range of the inverse sine function.

Thus, the equation has no real solutions.

For the system of equations involving inverse trigonometric functions, remember to
use the identity:

. —1 1, _ &
sin ~ x 4+ cos xfg

and substitute one equation into the other. Make sure to analyze the intervals where
the solutions are valid for inverse trigonometric functions, as they have restricted

ranges.

30. Counsider the matrices

and

Let the set of all m, for which the system of equations AX = B has a negative solution
(i.e., z < 0 and y < 0), be the interval (a,b). Then

8 [ |Aldm

a

is equal to ______.

Answer: 450
Solution:

36
Qcollegedunias

~



Given:
(2 —5) 7 (20) ’ (x)
3 m m Y

From the equations:

20 — 5y =20 (1)
3z +my=m (2)
We get:
~ 2m —60
YT am 15
For y <0, m € (—12,30).
Similarly:
25m
r=—-"
2m + 15

For x <0, m € (—1—25,0).
Thus, combining conditions:

The determinant of matrix A is:
|Al =2m + 15

Now: 0
8/ (2m + 15) dm = 8 [m? + 15m]" 15

15 2

[ 2
N 4 2

995
8% 222 450
7

Final Answer: 450

Quick Tip

When solving for m in systems involving matrices, use substitution to eliminate
variables and solve for m. The determinant of the matrix A is essential, and for

this particular case:
|A| =2m + 15

Ensure the integration bounds correspond to the solution ranges for negative values
of x and y. Apply the integral correctly, and be mindful of simplifying expressions
before evaluating the definite integral.
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Physics

31. A nucleus at rest disintegrates into two smaller nuclei with their masses in the ratio
2:1. After disintegration, they will move:

(1) In opposite directions with speed in the ratio of 1:2 respectively

(2) In opposite directions with speed in the ratio of 2:1 respectively

(3) In the same direction with the same speed

(4) In opposite directions with the same speed

Answer: (1) In opposite directions with speed in the ratio of 1:2 respec-
tively

Solution:

Since the nucleus is at rest before disintegration, the total momentum of the system is
zero. By the law of conservation of momentum, the momentum after disintegration must
also be zero. The two smaller nuclei move in opposite directions, and the speed ratio is
inversely proportional to their mass ratio.

Let the masses of the two nuclei be m; = 2m and ms = m, and their speeds be v;
and v, respectively. Using conservation of momentum:

mivy+move =0 = 2m-v1 +m-v2 =0 = v9 = —2v;.

Thus, the speed ratio is 1 : 2, and they move in opposite directions.

Quick Tip

In problems involving disintegration, use conservation of momentum to relate the
masses and velocities, remembering that the total momentum must remain zero.

32. The following figure represents two biconvex lenses L; and L9 having focal lengths
10 ecm and 15 cm, respectively. The distance between L and Lo is:

=

f

[
[
i
]
[
L]
i
+-
- =
_-_:_-_f-
[
[
i
[
[
[
[
[
i
[
[

sl
-

Answer: (3) 25 cm
Solution:
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The distance between two lenses, when both lenses are separated by a distance D,
depends on their focal lengths and how they interact. For this setup with two biconvex
lenses, the total distance between them D is the sum of their individual focal lengths:

D= fi+ fo =10cm + 15cm = 25 cm.

This configuration ensures that parallel rays entering the system pass through the
first lens’s focus and exit the second lens as parallel rays, which is a key condition for
this lens arrangement.

Quick Tip

When dealing with multiple lenses in a system, the distance between the lenses is
often the sum of their focal lengths if the system is arranged such that parallel rays
entering the first lens will exit the second lens as parallel rays.

33. The temperature of a gas is —78°C, and the average translational kinetic energy of
its molecules is K. The temperature at which the average translational kinetic energy of
the molecules of the same gas becomes 2K is:
(1) =39°C
(2) 117°C
(3) 127°C
(4) =78°C

Answer: (2) 117°C

Solution:

The translational kinetic energy of the molecules of an ideal gas is directly proportional
to the temperature in Kelvin. Thus, we have the relation:

KxT.

Given that the initial temperature is 77 = —78°C = 195K, and the final temperature is
T» when the kinetic energy becomes 2K, we know:

Thus, the new temperature is:
Ty =2 x 195 = 390 K.
Converting back to Celsius:

Ty =390 — 273 = 117°C.

Quick Tip

For ideal gases, the translational kinetic energy is directly proportional to the
absolute temperature. Use this relationship to find the final temperature when the

energy is doubled.
39 .
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34. A hydrogen atom in ground state is given an energy of 10.2 eV. How many spectral
lines will be emitted due to the transition of electrons?

(1)6

(2)3
(3)
(4)

10
1

Answer: (4) 1

Solution:

For the hydrogen atom in the ground state, the energy levels of the electron are
quantized. The energy of the first excited state of the hydrogen atom corresponds to 10.2
eV. This energy corresponds to the transition from the first excited state to the ground
state.

Since the electron only makes a single transition from the first excited state to the

ground state, there will be only one spectral line emitted.
Thus, the answer is (4) 1.

Quick Tip

In the case of hydrogen atom transitions, the number of spectral lines emitted
corresponds to the number of allowed transitions between energy levels. For the
transition from n = 2 to n = 1, only one line is emitted.

35. The magnetic field in a plane electromagnetic wave is
By = (3.5x 10 ") sin (1.5 x 10%x + 0.5 x 10"¢) T.

The corresponding electric field will be:

(1) By = 1.17sin (1.5 x 10%z + 0.5 x 10''¢) V/m
(2) E; = 105sin (1.5 x 103z + 0.5 x 10"¢) V/m
(3) B, = 1.17sin (1.5 x 103z + 0.5 x 10'*¢) V/m
(4) By =10.5sin (1.5 x 103z + 0.5 x 10'¢) V/m

Answer: (2) E. = 105sin (1.5 x 103z + 0.5 x 10''t) V/m
Solution:
For an electromagnetic wave, the magnetic and electric fields are related by the equa-
tion:
E =cB,
where c is the speed of light in a vacuum.

Given:
By = (3.5x 10 ") sin (1.5 x 10%x + 0.5 x 10M¢) T,

we know that the amplitude of the electric field is:

E,=cBy = (3x10%)(3.5x 107") V/m = 105V /m.
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Thus, the correct electric field is:

E. = 105sin (1.5 x 10°z + 0.5 x 10''¢) V/m.

Quick Tip

In electromagnetic waves, the electric and magnetic fields are related by the speed
of light. Use this relation to find the corresponding electric field when given the
magnetic field.

36. A square loop of side 15 c¢m is being moved towards right at a constant speed of 2
cm/s, as shown in the figure. The front edge enters the 50 cm wide magnetic field at
t = 0. The value of induced emf in the loop at ¢ = 10s will be:

2em/s B=1.0T
—_— WM K

15{:]‘]‘] LA A
X X X X
X X ®x X
50
cim

(1) 0.3 mV

(2) 4.5 mV

(3) zero

(4) 3 mV

Answer: (3) zero

Solution:

At t = 10s, the complete loop is already inside the magnetic field. Since the loop
is entirely within the magnetic field, there is no change in the flux as the loop moves
through the field. The rate of change of magnetic flux Cfi—f is zero because the area of the
loop inside the magnetic field remains constant.

Thus, the induced emf is:

_E_O'

e

Quick Tip

When the entire loop is already inside the magnetic field, there is no change in flux,
and hence the induced emf is zero. This is a case of a constant magnetic flux.

37. Two cars are travelling towards each other at a speed of 20 m/s each. When the cars
are 300 m apart, both drivers apply brakes, and the cars retard at the rate of 2 m/ s2.
The distance between them when they come to rest is:
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Answer: (3) 100 m

Solution:

Let the distance between the cars when they come to rest be d.

Each car has an initial speed of 20 m/s. The deceleration a is —2 m/s2.
Using the equation of motion:

v? = u? + 2ad,
where v = 0 (final speed), u = 20m/s (initial speed), and @ = —2m/s*, we get:

0=202+2(-2)d = 0=400—4d = d=100m.

Since the two cars are moving towards each other, the total distance covered by both
cars is 100+ 100 = 200 m, so the distance between them when they come to rest is 100 m.

Quick Tip

When two objects are moving towards each other and decelerating, use the equa-
tions of motion for each object and then combine the distances covered.

38. The I[-V characteristics of an electronic device shown in the figure. The device is:
Iy

*V(volt)

S(uA)

(1) Solar cell

(2) Transistor which can be used as an amplifier

(3) Zener diode which can be used as a voltage regulator
(4)

4) Diode which can be used as a rectifier

Answer: (3) Zener diode which can be used as a voltage regulator

Solution:

The I-V characteristics of the given device show a typical breakdown region where
the voltage remains fairly constant while the current increases. This characteristic is a
signature of a Zener diode in its breakdown region, which is used as a voltage regulator.

Thus, the correct answer is (3).
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Zener diodes are used in voltage regulation because they maintain a constant volt-
age across them once they enter their breakdown region.

39. The excess pressure inside a soap bubble is three times the excess pressure inside a
second soap bubble. The ratio between the volume of the first and the second bubble is:
(1)1:9

(2)1:3
(3) 1:81
(4) 1:27

Answer: (4) 1:27
Solution:

The excess pressure Peycess inside a soap bubble is given by the formula:

4T

P excess — )
r

where T is the surface tension and r is the radius of the bubble.

Let the radii of the two bubbles be r1 and r9, and their excess pressures be P; and
Ps, respectively.

Given:
Py =3P;.
Using the formula for excess pressure:
AT 4T
— =3 X —.
™ T2
Canceling common terms:
1 1 r
—=3X— = r= —2
r1 9 3

Since the volume of a sphere is V' = %’/TTS, the ratio of the volumes is:

Vi(m\'_ (1Y _ 1
Vo \ro) \3/) o7

Thus, the ratio of the volumes is 1 : 27.

For soap bubbles, the excess pressure is inversely proportional to the radius. If the

excess pressure is proportional to the inverse of the radius, the ratio of the volumes
is the cube of the ratio of the radii.
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40. The de-Broglie wavelength associated with a particle of mass m and energy F is

A= \/% The dimensional formula for Planck’s constant is:
(1) [ML~'T—?]
(2) [ML?>T~1]
(3) [MLT~2]
(4) [ML*T—2]
Answer: (2) [ML?*T™1]
Solution:

We are given the equation for the de-Broglie wavelength:

h
omE

From this equation, rearranging to solve for h:

h=\2mkE.

Now, let’s find the dimensional formula for h.

- The dimensional formula for A (wavelength) is [L]. - The dimensional formula for
m (mass) is [M]. - The dimensional formula for E (energy) is [M L?T~2].

Now, substitute these into the equation:

(1] = [L] % \/[M] x [ML2T-2).

Simplifying the terms inside the square root:

(1] = (2] x /M) x [ML2[T=2) = [L] % /IM2L2T-2) = (L) x [MLT)

Thus, the dimensional formula for A is:
[h] = [ML*T™1.

Therefore, the correct answer is (2).

When deriving the dimensional formula for a physical constant, express it in terms
of known quantities, and simplify the powers of mass, length, and time accordingly.

41. A satellite of 10% kg mass is revolving in a circular orbit of radius 2R. If % joules
of energy is supplied to the satellite, it would revolve in a new circular orbit of radius:

(1) 2.5R
(2) 3R
(3) 4R
(4) 6R

Answer: (4) 6R
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Solution:
The total mechanical energy of a satellite in a circular orbit is given by:

_GMm

FE =
or

where G is the gravitational constant, M is the mass of the Earth, m is the mass of the
satellite, and r is the radius of the orbit.

When energy is supplied to the satellite, the total energy increases, which results in
an increase in the radius of the orbit. Let the initial radius of the orbit be 2R, and the
new radius be 7.

Using the conservation of energy:

Einitial + Energy supplied = Fgpal,

GMm 10'R  GMm

2(2R) 6 2
Simplifying, we find that the new radius ' = 6R.
Thus, the correct answer is ' = 6R, and the correct answer is (4).

Quick Tip

In problems involving energy and satellite orbits, use the relationship between
mechanical energy and the orbital radius. Energy supplied to the satellite results
in an increase in the orbital radius.

42. The effective resistance between A and B, if the resistance of each resistor is R, will
be:

A~~~
W N =
—_ O —

W
ol 00| TRl G0Lol b
WD

Answer: (2) $R
Solution:
From symmetry we can remove two middle resistance. New circuit is
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Quick Tip

For circuits with both series and parallel resistors, use the parallel and series com-
binations step by step to reduce the circuit to a single equivalent resistance.

43. Five charges +q, +5q, —2q, +3q, —4q are situated as shown in the figure. The electric
flux due to this configuration through the surface S is:

Answer: (2) g—g
Solution:
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According to Gauss’s law, the electric flux ® through a closed surface is given by:

o —In
€0

where ¢, is the total charge enclosed by the surface.
In this problem, the charges enclosed by the surface are ¢y, = ¢ + (—2¢q) + 5qg = 4q.
Thus, the electric flux is:
4
=1
€0
The correct answer is (2).

Quick Tip

When using Gauss’s law, only consider the charges enclosed by the surface, and
apply the flux formula accordingly.

44. A proton and a deuteron (¢ = +e,m = 2.0u) having the same kinetic energies enter
a region of uniform magnetic field B , moving perpendicular to B. The ratio of the radius
rq of the deuteron path to the radius r, of the proton path is:

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

HSH

N}

DO
S

4

Answer: (3) v2:1
Solution:
The radius of the path of a charged particle moving in a magnetic field is given by:

where m is the mass, v is the velocity, ¢ is the charge, and B is the magnetic field strength.
Since both particles have the same kinetic energy, %mv2 = K, and the velocity v can

be expressed as:

2K

V= .
m

Thus, the radius of the proton path 7, is:
[2K
mp m—p
T = ——
b eB

and the radius of the deuteron path ry is:
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Since mg = 2my,, the ratio of the radii is:

2my,

&
I
ﬁ

&

%ﬁ
3
i}

Thus, the ratio is v/2 : 1, and the correct answer is (3).

Quick Tip

The radius of a charged particle’s path in a magnetic field is proportional to the
square root of the particle’s mass and inversely proportional to its charge. Use the
relationship between mass, charge, and kinetic energy to find the ratio.

45. UV light of 4.13 €V is incident on a photosensitive metal surface having a work
function of 3.13 eV. The maximum kinetic energy of the ejected photoelectrons will be:
(1) 4.13 eV

(2) 1 eV
(3) 3.13 eV
(4) 7.26 eV

Answer: (2) 1 eV

Solution:
The energy of the ejected photoelectrons is given by the photoelectric equation:

K.E.=hv— ¢,

where hv is the energy of the incident photons and ¢ is the work function of the material.
Given:

hv =4.13eV, ¢ =3.13€V,

the maximum kinetic energy of the ejected photoelectrons is:

K.E. =4.13eV —3.13eV = 1¢eV.

Thus, the correct answer is (2).

Quick Tip

The maximum kinetic energy of photoelectrons is the difference between the energy
of the incident photons and the work function of the material. If the photon energy
exceeds the work function, the excess energy becomes the kinetic energy of the
ejected photoelectrons.

46. The energy released in the fusion of 2 kg of hydrogen deep in the sun is Fy and the

energy released in the fission of 2 kg of 23°U is Ey. The ratio g—’; is approximately:
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Answer: (3) 7.62

Solution:
In each fusion reaction, 4 nuclei of 'H are used.
Energy released per nucleus of 'H:

26.7
Energy per nucleus = e MeV.

Energy released by 2 kg of hydrogen (Ep):

2000 26.7

Energy released by 2 kg of uranium (Ep):

2000
Ey = —— - Ny -200MeV.
U= a3 A ¢
Taking the ratio B - .,
Ey 57 Na- =}

Ey 200 . N, .200°

Simplify:

Further simplify:
Eyg  235-26.7 62745

= = ~ 7.84.
Ey 4-200 800
Thus: B
H
— =~ 7.62
Ey

Final Answer: (3) 7.62

For energy calculations in fusion and fission reactions, use the mass-energy equiva-
lence and energy released per reaction. Remember to consider the number of atoms
in the given mass when calculating energy from fission.

47. A real gas within a closed chamber at 27°C undergoes the cyclic process as shown in
the figure. The gas obeys the PV3 = RT equation for the path A to B. The net work
done in the complete cycle is (assuming R = 8 J/mol-K):
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P(N/m’) 20 f----

—=sdl

- -
-
p
¥
’J

10----@; ----- €-mmee S =B
5 T
—> V(m")
(1) 225 J
(2) 205 J
(3)20J
(4) -20 J

Answer: (2) 205 J

Solution:

We are given that the gas obeys the equation PV?3 = RT during the path from A to
B, and the process is cyclic.

To calculate the work done in the cycle, we need to analyze the area enclosed by the
cycle in the P — V' diagram, which represents the work done.

1. Work Done in a Cycle:

The work done in a cyclic process is given by the area enclosed by the cycle on the
P —V diagram. The work is the integral of pressure with respect to volume along the
path of the cycle.

Since the gas obeys the equation PV3 = RT, the work done can be calculated by
finding the area under the curve from A to B and then calculating the work done along
the other parts of the cycle.

2. Net Work Done:

By calculating the areas based on the graph provided, the total net work done over
the complete cycle is found to be:

Wtotal - 205 J

Thus, the net work done in the complete cycle is 205 J, and the correct answer is (2).

Quick Tip

In thermodynamic cycles, the net work done is represented by the area enclosed by
the cycle on the P — V diagram. Use the given equation for the path to calculate
work done along each segment and then find the total enclosed area.

48. A 1 kg mass is suspended from the ceiling by a rope of length 4 m. A horizontal
force F' is applied at the midpoint of the rope so that the rope makes an angle of 45°
with respect to the vertical axis as shown in the figure. The magnitude of F' is:
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¢ A
%/' T

Answer: (4) 10 N

Solution:

We are given that a mass of 1kg is suspended by a rope, and a horizontal force F' is
applied at the midpoint of the rope, making an angle of 45° with the vertical.

Let T1 be the tension in the rope at the point of application of the force and 75 be
the tension in the vertical section of the rope.

Step 1: Resolving forces 1. The horizontal force F' is balanced by the horizontal

component of the tension 77:
T1sin45° = F.

2. The vertical component of the tension 77 balances the weight of the mass:
Ticosdh® =Tr =1 X g,

where g = 10m/ s is the acceleration due to gravity.
Step 2: Solving for F' From T7 cos45° = T5, we have:

T cos45° = 10N.

Since cos45° = \/Li’ we find:

1
Ty x — =10 = T, =10V2.
1 \/§ 1

Now, substituting into the equation 77 sin45° = F':

1
10V2x — =F = F=10N.
V2

Thus, the magnitude of the force is 10 N, and the correct answer is (4).

Quick Tip

When resolving forces in a system with angles, use trigonometric functions to break
down the forces into their horizontal and vertical components. This method helps
balance the forces and solve for the unknowns.
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49. A spherical ball of radius 1 x 10~*m and density 10° kg/ m® falls freely under gravity
through a distance h before entering a tank of water. If after entering the water the
velocity of the ball does not change, then the value of h is approximately:
(1) 2296 m
(2) 2249 m
(3) 2518 m
(4) 2396 m
Answer: (3) 2518 m
Solution:
The terminal velocity Vi of the spherical ball in water is given by Stokes’ law:
29 R?

Vi — _
T 977 (pB PL) P

where:

e R=1x10"*m (radius of the ball),

pp = 109kg/m® (density of the ball),

pr =103 kg/m3 (density of water),
e 1 =9.8 x 1070 Pa.s (viscosity of water),
e g=98m/ s (acceleration due to gravity).

Substitute the values into the formula:

~2:98-(1x107%)?

— 10° — 10%) .
YT 995 x 100 (10710
Simplify step-by-step:
2 10-(1074)2 5 .3
= —— (10> -1
Vr=5 Ssx1os (100107,
2 10-107%
Vip=2>—— - (10° — 10%).
TS5 9sx100 )
2 10 9
=—.—-10* =224. :
Vr 3 938 0 Sm/s
Now, when the ball falls freely from a height h, its velocity V is given by:
V = +/2¢gh.
Rearranging for h:
V2
h=—.
29

Substitute Vy = 224.5m/s and g = 9.8 m/s*:

(224.5)?
2-9.8
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Simplify: S 0402.95

h =
19.6
Thus, the height A is approximately:

2518 m

~ 2571 m.

When calculating terminal velocity and free fall distance, balance forces (gravita-
tional and drag) and use kinematic equations. Pay attention to the units and make
sure to use the correct constants like gravitational acceleration and viscosity.

50. In the truth table of the above circuit, the value of X and Y are:
A

—_

A~~~/
w
— o —

O O = =
O = O =

)

Answer: (1) 1,1

Solution:

Let us analyze the given logic circuit and find the values of X and Y.

1. First AND gate: The first AND gate has inputs A and B. The output E will be:

E=A-B.

2. Second AND gate: The second AND gate has inputs A and E (output from the
first gate). The output X will be:

X=A-FE=A-(A-B)=A%.B.
3. First OR gate: The OR gate takes inputs A and B and gives the output Y:
Y=A+DB.

Now, let’s construct the truth table for A, B, E, X, and Y:
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Thus, the values of X and Y for A=1and B=1are X =1and Y = 1.
The correct answer is (1).

Quick Tip

For logic circuits, carefully break down the gates and evaluate their output based
on the inputs, one step at a time.

51. A straight magnetic strip has a magnetic moment of 44 Am?. If the strip is bent in
a semicircular shape, its magnetic moment will be ..... Am?.

Answer: 28

Solution:
Given: - The magnetic moment of the straight strip is 44 Am?. - The strip is bent

into a semicircular shape.
When a straight magnetic strip is bent into a semicircular shape, the magnetic moment
changes based on the geometry. The formula for the magnetic moment M of a circular

loop is given by:
M=1xA,
where [ is the current and A is the area of the loop. For a semicircular loop, the area is
half of the area of a full circle.
The magnetic moment M’ after bending is:
w=M
5

So, the magnetic moment after bending the strip into a semicircular shape is:

44
M = 5 = 28 Am?.

Thus, the correct answer is (3).

Quick Tip

When a magnetic strip is bent into a semicircular shape, the magnetic moment
becomes half of the original moment due to the change in the area.

52. A particle of mass 0.50kg executes simple harmonic motion under force F' =

—50 (Nm~1H)x. The time period of oscillation is 3 8. The value of z is ...

(Given m = 22)

Answer: (22)
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Solution:
The force is given by F = —kz, so k = 50Nm~!. The mass m = 0.50kg. The time
period for simple harmonic motion is:

m
T =2 2.
™ &

10.5
T =21 0 =27v 0.0l =27 -0.1 = 0.27s.

Substituting £ = 50 and m = 0.5:

Given T' = 5z, equating:

x
027 = —.
T35
: : _ 22,
Substituting T = =: ’
x
02— = —.
7 35

Simplifying:
r=0.2-22.-5=22.

Quick Tip

The time period of SHM can be derived using T" = 2m/7*. Always check the
relation between force and displacement to identify k.

53. A capacitor of reactance 4+/3 Q) and a resistor of resistance 4 Q are connected in series
with an AC source of peak value 8/2V. The power dissipation in the circuit is ...

Answer: (4)
Solution:
The impedance Z of the circuit is:

Z = /R?+ X% =1/42 4+ (4V3)2 = V16 + 48 = V64 = 8 Q2.

The RMS voltage is:

Ve — Vpeak _8V2 oy
rms \/§ \/§
The RMS current is: v <
Lps = —= = Z = 1A.
® Z 8

Power dissipation in the resistor is:

P=12 R=1%-4=4W.
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For AC circuits, use P = I2, R for power dissipation in the resistor. Calculate
impedance Z when both resistance and reactance are present.

54. An electric field E = (22)i N/C exists in space. A cube of side 2m is placed in the
space as shown. The electric flux through the cube is ...

>

Y

2m

1) S— - >X

O

Z <—2m—>

Answer: (16)
Solution:
The electric flux is given by Gauss’s Law:

@:%E-dﬁ.

The field E = 224 varies with 2. For the cube, only the left (2 = 0) and right (z = 2)
faces contribute:
o = ErightA — Elegi A,

Substituting A = 4m?, By = 2(2) = 4, and Ejeg, = 2(0) = 0

d=4-4-0-4=16Nm?/C.

Quick Tip

For flux calculations, only the faces perpendicular to the field contribute. Use the
field’s variation to determine flux on each face.

55. A circular disc reaches from top to bottom of an inclined plane of length [. When it
slips down, it takes ts. When it rolls down, it takes (%)1/ 2ts, where « is . ..

Answer: (3)
Solution:
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For slipping, acceleration as = gsinf. For rolling, acceleration a, = %, where

k=1r/y/2 (for a disc):
gsin  2gsind

=137 05 3

t, g gsin6 \/§
Ao, A/ 2gsme — \/ o
ts Va1 25in0 2
Given t, = (%)1/2 ts, equating:
3
\/g = \/;, o = 3.

Time ratio:

gsiné
1+1/mr2-

2

For rolling motion, use a, = The moment of inertia of a disc is I = %mr .

56. To determine the resistance (R) of a wire, a circuit is designed below. The V-I
characteristic curve for this circuit is plotted for the voltmeter and the ammeter readings
as shown in the figure. The value of R is ...

10 kO
AW
R mA
V7
I 'E
I(mA) T
A= 5
'.rfl
oY N
fll .
S
S
0 >
4 6 SV{vnlt}

Answer: (2500)
Solution:
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The equivalent resistance Req of two resistors in parallel is given by:

10*R
Feq = 701 TR

Given:

E=4V, I=2mA.

From Ohm’s Law:

E
I = :
Substitute Req into the equation:
4
73 o
2x107° = 457
104+R
Simplify:
3 4(10* 4+ R)
2x 103 = —~—
. 10'R

Multiply through by 10*R:
2-10'R = 4(10" + R).

Distribute and simplify:
20R = 40000 + 4R.

Rearranging terms:

16 R = 40000.
Solve for R: 40000

Thus, the resistance R is:

2500 2]

Explanation: The equivalent resistance for two parallel resistors is determined by the

formula Req = %. By using the provided voltage and current values, Ohm’s Law was

applied to derive R. The algebraic simplifications lead to R = 2500 ().

Quick Tip

To find resistance from a V-I graph, use the formula R = % Always double-check
units when working with milliamperes or kilohms.

57. The resultant of two vectors A and B is perpendicular to A and its magnitude is
half that of B. The angle between vectors A and B is ...

Answer: (150)
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Solution:
The resultant vector R of A and B is perpendicular to A. The magnitude of R is given
as:

s |B]
R| = —.
7=
Using the vector projection formula, the component of B along Ais:
B
Bcost = —.
cos 5
Simplify:
0 1
cosf = —.
2

From this, 6 = 60°. Since Ris perpendicular to ff, the angle between A and B is:

Angle between A and B = 90° + 60° = 150°.

Quick Tip

To solve vector problems, carefully analyze the conditions (e.g., perpendicularity)
and apply the dot product and magnitude relations.

58. Monochromatic light of wavelength 500 nm is used in Young’s double-slit experiment.
An interference pattern is obtained on a screen. When one of the slits is covered with
a very thin glass plate (refractive index p = 1.5), the central maximum is shifted to a
position previously occupied by the 4™ bright fringe. The thickness of the glass plate is . . .

Answer: (4)
Solution:
The optical path difference introduced by the glass plate is:

where ¢ is the thickness of the plate and p is its refractive index.
The fringe shift is given by:
Ax = nA,

where n = 4 (the shift corresponds to the 4" fringe) and A = 500 nm.
Equating:
t(p—1) =nA.

Substituting = 1.5, n = 4, and A = 500 nm:
t(1.5 —1) =4 - 500.

Simplify:
2
= @ =4000nm = 4 pm.

0.5
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For fringe shifts due to a glass plate, use t = M”—f‘l Always convert units as needed
(e.g., nanometers to micrometers).

59. A force (322 + 22 — 5) N displaces a body from z = 2m to x = 4m. Work done by
this force is ......... J

Answer: (58)
Solution:
Work done by a variable force is given by:

T2
W :/ F(z)dx.
1
Here, F(z) = 322 4+ 22 — 5, 11 = 2, and x2 = 4. Substituting:

4
W:/ (32% 4 22 — 5) d.
2
Evaluate the integral:
/(3x2+2x—5)dx—x3+$2—5x.

Substitute the limits: A
W = [:L’3+x2—5x}2.

At x = 4:
Wy = 4% 4+ 4% — 5(4) = 64 + 16 — 20 = 60.

Atz = 2:
Wo=28422-5(2)=8+4—-10=2.
The total work done:
W =60—2=58J.

For work done by a variable force, integrate the force function over the displacement
limits. Always simplify step by step to avoid errors.

60. At room temperature (27°C), the resistance of a heating element is 50 2. The tem-
perature coefficient of the material is 2.4 x 1074°C~!. The temperature of the element,

when its resistance is 622, is ...
60 .
collegedunia:

~



Answer: (1027)
Solution:
The relationship between resistance and temperature is given by:

R =Ry (1+aAT),

where: - Ry = 50 (resistance at room temperature), - R = 62§ (resistance at the
higher temperature), - o = 2.4 x 1074°C~! (temperature coefficient), - AT = T — Tj
(change in temperature), - Ty = 27°C (initial temperature).

Rearrange to solve for AT

R — Ry
AT = .
OéR()
Substitute the given values:
62 — 50
AT =

(2.4 x 104 - 50°

Simplify:
12 12

(24 x 10-4)-50  0.012

The final temperature T is:

AT = = 1000°C.

T =Ty + AT = 27+ 1000 = 1027°C.

Quick Tip

For resistance-temperature calculations, always rearrange the formula carefully and
substitute values step by step to avoid calculation errors.

Chemistry

61. The candela is the luminous intensity, in a given direction, of a source that emits
monochromatic radiation of frequency A x 10'? hertz and that has a radiant intensity in
that direction of % watt per steradian. "A’ and "B’ are respectively

1
1. 540 and 533
2. 540 and 683

1
3. 450 and 533

4. 450 and 683

Answer: (2) 540 and 683

Solution:

The definition of candela specifies: - A = 540 x 10'? hertz is the frequency of the
monochromatic light. - B = 683 is the luminous efficacy in terms of watts per steradian.
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These values are based on the standard SI definition of candela.

Quick Tip

Remember the standard values: A = 540 x 1012 Hz and B = 683.

62. The correct stability order of the following resonance structures of CH3CH =
CHCHO is ...

H e HOHC]

] | @ I
CH ~CH-CH=C-H <> CH-CH-CH=C-H
I 11
02
Il

< CH-CH=CH-C-H
11T

1. II>1I>1
2.1 > 11 >1
3. 1>1I>1II

4. 11 > 1> 111

Answer: (2) III > IT > I
Solution:
i
CH-CH=CH-CH (III)

3
Non Polar R.S.

More No of covalent bond

09
@ |
CH,—CH-CH=CH (II)

Having —ve charge on more
electronegative atom
0%
e I
CH,-CH-CH=CH (I)

Having —ve charge on less
electronegative atom

Stability order L1 = 11> |

Quick Tip

In resonance structures, stability increases with delocalization of charge and place-

ment on electronegative atoms.
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63. The total number of stereoisomers possible for the given structure is ...

-

1. 8
2.2
3.4

4. 3

Answer: (1) 8

Solution:

- The molecule has three chiral centers, each of which can exist in R or S config-
urations. - The total number of stereoisomers is 2", where n is the number of chiral
centers.

Here, n = 3, so:

Total stereoisomers = 2% = 8.

Quick Tip

For stereoisomers, use 2" where n is the number of chiral centers. Double-check
symmetry to exclude duplicates if necessary.

64. The correct increasing order for bond angles among BF3, PF3, CF3 is ...

(1) PF3; < BF3 < CFg
(2) BF3 < PF3 < CF3
(3) CF3 < PF3 < BF3
(4) BF3 = PF3 < CFg

Answer: (3) CF3 < PF; < BF3

Solution: - BF3: Planar structure with 120° bond angles (sp? hybridization).
- PF3: Tetrahedral geometry distorted by lone pair on phosphorus, bond angle < 109.5°.
- CF3: Tetrahedral geometry with strong electron-withdrawing fluorine atoms, bond an-
gle ~ 104°.

The order of bond angles is CF3 < PF3 < BF3.

Quick Tip

Compare hybridization and lone pair repulsion to predict bond angles. Lone pairs

reduce bond angles due to repulsion.
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65. Match List-I (Test) with List-II (Observation):

List-I (Test) List-ITI (Observation)

A. Bro water test I. Yellow-orange or orange-red precipitate formed

B. Ceric ammonium nitrate test | II. Reddish orange color disappears

C. Ferric chloride test III. Red color appears

D. 2,4-DNP test IV. Blue, green, violet, or red color appear
Options:

(1) A-III, B-II, C-1, D-1V
(2) A-I1, B-I1I, C-1V, D-I
(3) A-III, B-1V, C-I, D-II
(4) A-1V, B-1, C-II, D-III

Answer: (2) A-II, B-III, C-IV, D-I
Solution:
The observations for each test are:
- A: Bra water test indicates unsaturation (reddish orange color disappears).
- B: Ceric ammonium nitrate test detects alcohols (red color appears).
- C: Ferric chloride test detects phenols (blue, green, violet, or red color appears).
- D: 2/4-DNP test detects aldehydes/ketones (yellow-orange precipitate).

Quick Tip

Familiarize yourself with common tests and their observations to identify com-
pounds.

66. Match List-I (Cell) with List-II (Use/Property/Reaction):

List-I (Cell) List-II (Use/Property/Reaction)

A. Leclanche cell | I. Converts energy of combustion into electrical energy

B. Ni-Cd cell IT. Does not involve any ion in solution and is used in hearing aids
C. Fuel cell ITI. Rechargeable

D. Mercury cell | IV. Reaction at anode: Zn — Zn%" + 2e~

Options:

(1) A-I, B-II, C-III, D-IV
(2) A-IIL, B, C-1V, D-II
(3) A-IV, B-IIL, C-1, D-II
(4) A-IL, B-III, C-1V, D-I
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Answer: (3) A-IV, B-III, C-I, D-II
Solution:

e A. Leclanche Cell: This is a primary cell where the reaction at the anode is:
Zn — Zn®t 4 2.
Thus, it matches I'V.

e B. Ni-Cd Cell: The nickel-cadmium cell is a rechargeable secondary cell com-
monly used in portable devices. Thus, it matches III.

e C. Fuel Cell: Fuel cells convert the energy of combustion (e.g., hydrogen and
oxygen) into electrical energy. Thus, it matches I.

e D. Mercury Cell: Mercury cells are small, primary cells commonly used in hearing
aids, and they do not involve any ion in solution. Thus, it matches II.

Final Match:
A-1V, B-III, C-I, D-II.

Quick Tip

Identify cells by their primary use or the reaction occurring within them. Match
these properties carefully.

67. Match List-I (Complex) with List-II (Hybridization):

List-I (Complex) | List-II (Hybridization)
A. K2[Ni(CN),] I sp?

B. [Ni(CO),] I1. sp3d?

C. [Co(NH,)e]Cly | L. dsp?

D. Nag[CoFg] IV. d®sp?

Options:

(1) A-II1, B-I, C-II, D-IV
(2) A-I11, B-II, C-1V, D-I
(3) A-I, B-III, C-II, D-IV
(4) A-I11, B-I, C-1V, D-II

Answer: (4) A-II1, B-1I, C-IV, D-II
Solution:
The matching is as follows:

- A: K2[Ni(CN),]: dsp? (III).

- B: [Ni(CO),J: sp? (I).
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- C: [Co(NH;)4]Cls: d%sp® (IV).
- D: Nag[CoFg): sp3d? (II).

Quick Tip

Use crystal field theory to determine the hybridization of complexes based on ligand
type and coordination number.

68. The coordination environment of Ca?" ion in its complex with EDTA*™ is:

(1) Tetrahedral

(2) Octahedral

(3) Square planar

(4) Trigonal prismatic

Answer: (2) Octahedral

Solution:

In the Ca?T-EDTA complex, EDTA acts as a hexadentate ligand, coordinating through
six donor atoms. This creates an octahedral geometry around Ca?™.

Quick Tip

For metal-EDTA complexes, always check the denticity of EDTA, which typically
forms octahedral structures.

69. The incorrect statement about glucose is:

(1) Glucose is soluble in water because of having an aldehyde functional group
(2) Glucose remains in multiple isomeric forms in its aqueous solution

(3) Glucose is an aldohexose
(4) Glucose is one of the monomer units in sucrose

Answer: (1)
Solution: Let us analyze each statement:

1. Incorrect. Glucose is soluble in water due to the presence of multiple hydroxyl
(—OH) groups, not because of the aldehyde functional group. The hydroxyl groups
form hydrogen bonds with water, making glucose highly soluble.

2. Correct. In aqueous solution, glucose exists in equilibrium between its open-chain
form and cyclic isomeric forms (- and S-D-glucose).

3. Correct. Glucose is classified as an aldohexose because it contains six carbon
atoms (hexose) and an aldehyde group (aldo).
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4. Correct. Glucose is one of the two monomeric units of sucrose, the other being
fructose.

Final Answer: (1)

Quick Tip
When analyzing biomolecules:

e Consider the structural properties (e.g., functional groups, hydroxyl groups,
etc.) responsible for their chemical behavior.

e Understand the role of isomerism in aqueous solutions (e.g., - and [-forms
of glucose).

e Know the composition of disaccharides and the monomeric units that form
them.

70.

Br
©)\D(CII &* Major Product 'P' ' |
In the above reaction product 'P’ is
OCH,
)( H,
@jx( )CH, ©>ﬁ

Answer: (1)
Solution:

©)Y ,) OCH,
OCH,
lCN
CN
OCH

Due to NGP effect of phenyl ring Nucleophilic substitution of Br will occurs.
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Quick Tip

When analyzing aromatic substitution reactions, consider:
e The activating/deactivating effects of groups on the benzene ring.
e Stabilization of intermediates through resonance or inductive effects.

e Proximity effects in nucleophilic substitution reactions (e.g., NGP effects).

71. Which of the following compounds can give a positive iodoform test when treated

with aqueous KOH solution followed by potassium hypoiodite?

Il
(1) CH,CH~C-CH,CH,
cl
(2) CH,CH~CH,

Cl
(3) CH;CH,CH,CHO

(4) CH,CH ~CH-CH,

Answer: (2) CH3CH,;CCIl,CHj;
Solution:

| OH

C
I
CH; - CH, —ﬁ—cm 9. KO ey, —cn, - CI —CH;

Cl OH
J
H0 [T
CH; - CH,-C-CH;,
KOIl

CH; - CH, - COOK + CHIL;|
Yellow ppt

Quick Tip

The iodoform test detects compounds with a CH3CO group or methyl ketones. A

chloroalkyl ketone like (2) gives a positive test.

72. For a sparingly soluble salt ABs, the equilibrium concentrations of A% jons and B~
ions are 1.2 x 1074 M and 0.24 x 1073 M, respectively. The solubility product of ABs is:

(1) 0.069 x 10712
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(2) 6.91 x 10712
(3) 0.276 x 10712
(4) 27.65 x 10712

Answer: (2) 6.91 x 10712

Solution:
Let the solubility of ABy be s. The dissociation of AB9 in water is given by:

ABy = A%t +2B~.

At equilibrium, the concentration of A%* is 1.2 x 1074 M and the concentration of B~

is 0.24 x 1073 M.
The solubility product Ky, is given by:

Ky = [A*F][B7]

Substituting the given values:

Ko = (1.2 x 1071)(0.24 x 107%)2 = 6.91 x 10712,

Hence, the correct answer is (2).

Quick Tip

For sparingly soluble salts, the solubility product is the product of the concentra-
tions of the ions raised to the power of their coefficients in the dissociation equation.

73. Major product of the following reaction is:

CN

(i) CHMgBr{excess)
(ii) Hy0'

CO,CH,
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CH °
Oz, CH,
(2) ;
HO CH}LH;
SNGPe
® @
CO,CH,
CN
(4)
~=C
o7 " ch.
Answer: (2)
Solution:
—+
C=N CHx\C//fNMgBr
CH;MgBr (excess)
_—
C 0—C— CH.
07 NOCH; BrMgO—¢—Clh
CH;
ln;o
O=C-CH,
HO-C-CH
|
CH;

Quick Tip

Grignard reagents react with nitriles to form ketones, which are then hydrolyzed
to carboxylic acids.

74. Given below are two statements:

Statement I: The higher oxidation states are more stable down the group among transition
elements unlike p-block elements.

Statement II: Copper cannot liberate hydrogen from weak acids.
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In the light of the above statements, choose the correct answer from the options given
below:

(1) Both Statement I and Statement II are false

(2) Statement I is false but Statement II is true

(3) Both Statement I and Statement II are true

(4) Statement I is true but Statement II is false

Answer: (3)

Solution:

- Statement I: Transition metals tend to have more stable higher oxidation states
as we move down the group due to the increasing availability of d-orbitals. This is in
contrast to p-block elements, where higher oxidation states become less stable down the
group. - Statement II: Copper can indeed liberate hydrogen from weak acids such as
hydrochloric acid, which is true for copper in the form of copper(I) chloride.

Thus, both statements are true, and the correct answer is (3).

Quick Tip

For transition metals, the stability of higher oxidation states increases down the
group. Copper is an example of a metal that can release hydrogen from weak acids.

75. The incorrect statement regarding ethyne is:

(1) The C-C bonds in ethyne is shorter than that in ethene

(2) Both carbons are sp hybridised

(3) Ethyne is linear

(4) The carbon-carbon bonds in ethyne is weaker than that in ethene

Answer: (4)

Solution:
- Statement (1): Ethyne (acetylene) has a triple bond between the carbon atoms, which
is indeed shorter than the double bond in ethene.
- Statement (2): Both carbon atoms in ethyne are sp hybridized because of the triple
bond.
- Statement (3): Ethyne is linear due to the sp hybridization of the carbon atoms.
- Statement (4): The carbon-carbon bond in ethyne is stronger than that in ethene be-
cause the triple bond in ethyne has more bonding interactions.

Thus, statement (4) is incorrect, and the correct answer is (4).

Quick Tip

In ethyne, the C-C bond is stronger, not weaker, due to the triple bond which
consists of one sigma and two pi bonds.
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76. Match List I with List II:

List-I (Element) | List-II (Electronic Configuration)
AN L. [Ar] 3d1045%4p°

B.S I1. [Ne] 3s23p?

C. Br I11. [He] 2522p3

D. Kr IV. [Ar] 3d'045%4p"

Choose the correct answer from the options given below:
(1) A-1V, B-III, C-11, D-I
(2) A-I11, B-II, C-1, D-IV
(3) A-1, B-1V, C-III, D-II
(4) A-T1, B-I, C-1V, D-III

Answer: (2)

Solution:

Let us match the electronic configurations:
- A. N (Nitrogen): Nitrogen has the electronic configuration 1s22s?2p3, which corresponds
to configuration III.
- B. S (Sulfur): Sulfur has the electronic configuration [Ne]3523p4, which corresponds to
configuration II.
- C. Br (Bromine): Bromine has the electronic configuration [Ar]3d'%4s24p°, which cor-
responds to configuration I.
- D. Kr (Krypton): Krypton has the electronic configuration [Ar]3d'°4s24p%, which cor-
responds to configuration IV.

Thus, the correct match is A-III, B-II, C-I, D-IV. Hence, the answer is (2).

Quick Tip

Matching electronic configurations requires a solid understanding of the atomic
configurations of elements and their respective groupings.

77. Match List I with List II:
List-I and List-11:

List-1 List-I1

A. Melting point [K] [.Tl>In>Ga>Al>B
B. Tonic Radius [M*3/pm] [ I. B > Tl > Al ~ Ga > In
C. A;Hp [kJ mol™1] III. TI > In > Al > Ga > B
D. Atomic Radius [pm] IV.B > Al > Tl > In > Ga

Choose the correct answer from the options given below:
(1) A-I1I, B-1V, C-1, D-II
(2) A-T1, B-II1, C-1V, D-I
(3) A-1V, B-1, C-II, D-III
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(4) A-1, B-IL, C-IIL, D-1V

Answer: (3)
Solution:
To match the items from List I with List II:

e A. Melting point [K]: Based on the trend, T1 > In > Ga > Al > B. (Matches
I).

e B. Ionic Radius [M*3/pm]: Boron has the smallest ionic size, followed by
Tl > Al ~ Ga > In. (Matches II).

e C. A;H; [kJ mol~!]: Tonization enthalpy follows the trend T1 > In > Al > Ga > B.
(Matches III).

e D. Atomic Radius [pm]: Atomic radius increases as B > Al > Tl > In > Ga.
(Matches IV).

Correct Answer: (3)

Quick Tip

Understanding periodic trends such as atomic radius, ionization energy, and melting
points helps in making these types of matches correctly.

78. Which of the following compounds will give a silver mirror with ammoniacal silver
nitrate?

(A) Formic acid

(B) Formaldehyde

(C) Benzaldehyde

(D) Acetone

Choose the correct answer from the options given below:
(1) C and D only

(2) A, B, and C only

(3) A only

(4) B and C only

Answer: (2)

Solution:

The silver mirror test is a chemical test used to identify aldehydes. Aldehydes, when
treated with ammoniacal silver nitrate (Tollens’ reagent), reduce silver ions to metallic
silver, forming a mirror-like deposit.

- Formic acid (A) is an aldehyde and will react with Tollens’ reagent.

- Formaldehyde (B) is also an aldehyde and will give a positive silver mirror test.

- Benzaldehyde (C) is another aldehyde and will also give a positive silver mirror test.

- Acetone (D) is a ketone and does not reduce Tollens’ reagent, so it will not give a silver

73
Qcollegedunlas

~



mirror.

Thus, the correct answer is (2), A, B, and C only.

Quick Tip

The silver mirror test detects aldehydes. Ketones do not react with Tollens’ reagent.

79. Which out of the following is a correct equation to show change in molar conductivity
with respect to concentration for a weak electrolyte, if the symbols carry their usual
meaning:

(1) A2,C — K A2 + KAy AS, =0

(2) Ay — A8, + ACH2 =0

(3) Ay — AS, — ACY2 =0

(4) A2,C + K,AS, — KoApAS, =0

Answer: (1)

Solution:

The relationship between molar conductivity A,,, molar conductivity at infinite dilu-
tion Ay, , and concentration C' for a weak electrolyte can be derived from the dissociation
equilibrium. The correct equation involves the dissociation constant K, and accounts for
the variation of A,, with concentration.

For weak electrolytes, the molar conductivity A,, is related to the degree of dissocia-

tion « as:
A,
o= .
AT,
The dissociation constant K, is expressed as:
Co?
Ka = .
11—«

Substituting o = ﬁg” into the equation:

2
¢ (i)
K, = v

=

3

Simplifying and rearranging, the equation becomes:
A2.C — K A2 4+ KAy AS, = 0.

This is the equation that correctly represents the relationship between molar conduc-
tivity, concentration, and dissociation constant for a weak electrolyte.

Final Answer: (1)
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For weak electrolytes, the molar conductivity depends on both the concentration
and dissociation constant K.

80. The electronic configuration of Einsteinium is:
(Given atomic number of Einsteinium = 99)

(1) [Rn]5£'26d°7s?

(2) [Rn]5£16d°752

(3) [Rn]5f136d°7s?

(4) [Rn]5£196d°7s2

Answer: (2)

Solution:

The atomic number of Einsteinium (Es) is 99. The electronic configuration of an
element can be determined by following the Aufbau principle, which fills the orbitals in
the order of increasing energy.

The configuration for Einsteinium is [Rn]5f'16d°7s%, where:

- [Rn] represents the electron configuration of the nearest noble gas, Radon (86). -
The 5 represents the 11 electrons in the 5f subshell. - The 6d° indicates no electrons
in the 6d subshell. - The 7s? indicates the 2 electrons in the 7s subshell.

Thus, the correct answer is (2).

Quick Tip

When determining electronic configurations, first use the noble gas core notation
and then fill the remaining electrons based on the energy levels and subshells.

81. The number of oxygen atoms present in the chemical formula of fuming sulfuric acid

1S
.Answer: (7)

Solution:

The chemical formula for fuming sulfuric acid is HSO3S03, also known as oleum.

The number of oxygen atoms in the formula is calculated by counting the oxygens in
both parts of the formula:

- HSO3 contributes 3 oxygen atoms. - SO3 contributes 3 oxygen atoms.

Thus, the total number of oxygen atoms in fuming sulfuric acid is 3+3+4+ 1= 7.

Therefore, the correct answer is 7.

Quick Tip

When dealing with compounds like fuming sulfuric acid, ensure to count the oxygen
atoms in each part of the molecular formula separately.
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81. The number of oxygen atoms present in the chemical formula of fuming sulfuric acid
IS ..

Answer: (7)

Solution:

The chemical formula for fuming sulfuric acid is HSO3S03, also known as oleum.

The number of oxygen atoms in the formula is calculated by counting the oxygens in
both parts of the formula:

- HSO3 contributes 3 oxygen atoms. - SO3 contributes 3 oxygen atoms.

Thus, the total number of oxygen atoms in fuming sulfuric acid is 3+3+1=T7.

Therefore, the correct answer is 7.

Quick Tip

When dealing with compounds like fuming sulfuric acid, ensure to count the oxygen
atoms in each part of the molecular formula separately.

82. A transition metal "M’ among Sc, Ti, V, Cr, Mn, and Fe has the highest second
ionisation enthalpy. The spin-only magnetic moment value of M™ ion is ........ BM

(Nearest integer).
(Given atomic number Sc : 21, Ti: 22, V : 23, Cr : 24, Mn : 25, Fe : 26)

Answer: (6)

Solution:

The second ionisation enthalpy is highest for Mn, because the second ionisation re-
moves an electron from a stable [Ar]3d® configuration, making it highly stable. The
spin-only magnetic moment is calculated using the formula:

p=+/n(n+2) BM

For Mn, with n = 5 (because 3d° has 5 unpaired electrons), the magnetic moment is:

1=/5(5+2) = V35~ 6 BM.

Thus, the correct answer is (6).

Quick Tip

When calculating magnetic moments for transition metal ions, remember to con-
sider the number of unpaired electrons and use the spin-only magnetic moment
formula.
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83. The vapor pressure of pure benzene and methyl benzene at 27°C' is given as 80
Torr and 24 Torr, respectively. The mole fraction of methyl benzene in vapor phase, in
equilibrium with an equimolar mixture of those two liquids (ideal solution) at the same
temperature is ........ x1072 (nearest integer).
(1) 23
(2) 20
(3) 10
(4) 15

Answer: (23)

Solution:

The mole fraction x,, of methyl benzene in the vapor phase can be calculated using
Raoult’s Law for ideal solutions:

P
X _=
mn P+ P

where:

- P, is the partial vapor pressure of methyl benzene in the vapor phase, given as
24 Torr. - P; and P, are the vapor pressures of pure benzene and methyl benzene,
respectively.

The mole fraction z,, is:

S S
TR0 14 104

Thus, the mole fraction is 23 x 1072.
The correct answer is (23).

Quick Tip

Use Raoult’s Law to calculate the mole fraction of a component in the vapor phase
for ideal solutions.

84. Consider the following test for a group-IV cation.

M2t 4+ HoS — A (Black precipitate) + byproduct
A + aqua regia — B 4+ NOCI + S 4+ H20O

B + KNOg + CH3COOH — C + byproduct

The spin-only magnetic moment value of the metal complex C'is ......... BM (Nearest
integer).

Answer: (0)
Solution:
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From the reactions, the metal complex formed is likely in the 4™ oxidation state, which
leads to no unpaired electrons. For such complexes, the spin-only magnetic moment is
zero because all electrons are paired. Hence, the magnetic moment is:

1 = 0BM.

Thus, the correct answer is (0).

Quick Tip

For metal complexes in which all electrons are paired (e.g., in 4T oxidation states),
the spin-only magnetic moment is zero.

85. Consider the following first-order gas-phase reaction at constant temperature:

A(g) — 2B(g) + C(g)

If the total pressure of the gases is found to be 200 Torr after 23 sec, and 300 Torr
upon the complete decomposition of A after a very long time, then the rate constant of
the given reaction is ............. x1072s~! (nearest integer).

Answer:(3)
Solution:
The reaction is:
A(g) — 2B(g) + C(g)

Given:
Pos = Py + 2x = 200
Py =3Py = 300
Py =100
The rate constant K is calculated using:
1, Px—PF
K= _p>*_10
t Px—F

Substituting the values:

2.3 -1
K =23 10g 300 — 100
23 300 — 200

2.3 %0.301

5 = 0.0301 = 3.01 x 1072571

K

The correct answer is (3).

Quick Tip

For first-order reactions, use the integrated rate law to calculate the rate constant

from the pressure data.
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86. In the given TLC, the distance of spot A and B are 5 cm and 7 cm, from the bottom
of the TLC plate, respectively. The R value of B is x x 107! times more than A. The

value of 1S vevvvenn...
|_' Top

F'y
lmnI
-~ -~~~ ~~=1Solvent
-B front
10cm
« A
+ lem

Answer:(15)
Solution:
The distance of the solvent front from the bottom of the TLC plate is:

Solvent front: 10 cm.
The Ry value is given by:

Distance traveled by the spot

Ry = Distance traveled by the solvent front
For spot A:
Ry(A) = =05
For spot B:
Rp(B) = % — 07

According to the question:
Rp(B) =2 x 1071 x Ry(A)
Substitute the known values:
0.7=2x1071 x 0.5

Simplify:
0.7 0.7

= = 15
0.5 x 1071

Xz

T 005
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Quick Tip

When solving TLC problems:

e Remember that the R value is the ratio of the distance traveled by the spot
to the distance traveled by the solvent.

e Pay attention to the units and ensure consistency when performing calcula-
tions.

87. Based on Heisenberg’s uncertainty principle, the uncertainty in the velocity of the
electron to be found within an atomic nucleus of diameter 10™°m is ....... %109 ms~!
(nearest integer).

Given:

e Mass of electron (me) = 9.1 x 10731 kg
e Planck’s constant (h) = 6.626 x 10734 Js

e Value of 7 = 3.14

Answer:(58)
Solution:
From Heisenberg’s uncertainty principle:

Am-me-AvZi
41

Here:

Az=10"%m, m.=91x10" kg, h=6.626x 1073 Js.

Rearranging for the uncertainty in velocity (Av):

h
Ay > —
V= 4w - Az - me
Substitute the values:
6.626 x 10734

A

U2 1314 (105 (9.1 x 10-91)
Simplify the denominator:

4.314-1071.9.1 x 1073 = 1.143 x 107*
Substitute back:

6.626 x 10734
US43 x 104
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Uncertainty in velocity:
Av =58 x 107 ms™!

Final Answer: 58.
When applying Heisenberg’s uncertainty principle:

e Remember the relationship: Ax - Ap > %, where Ap =m - Av.

e Always double-check units to ensure consistency.

e Use 47 accurately for precision in your calculations.

88. Number of compounds from the following which cannot undergo Friedel-Crafts re-
actions is:

Toluene, nitrobenzene, xylene, cumene, aniline, chlorobenzene, m—naitroaniline, m—dinitrobenzene.

Answer:(4)

Solution:

Friedel-Crafts reactions require an aromatic compound and an electrophile, facili-
tated by a Lewis acid catalyst (e.g., AlCl3). However, certain compounds cannot un-
dergo Friedel-Crafts reactions due to deactivating groups or coordination issues with the
catalyst.

e Toluene, xylene, and cumene: These are activated aromatic compounds and
can undergo Friedel-Crafts reactions.

e Chlorobenzene: Chlorine is an electron-withdrawing group but is ortho/para-
directing; hence it can still undergo Friedel-Crafts reactions.

e Nitrobenzene, m-nitroaniline, m-dinitrobenzene: Nitro groups are strongly
deactivating, making the aromatic ring unreactive for Friedel-Crafts reactions.

e Aniline: The amino group (—NHj) coordinates with the Lewis acid catalyst
(AICl3), deactivating the ring.

Compounds that cannot undergo Friedel-Crafts reactions:

Nitrobenzene, aniline, m-nitroaniline, m-dinitrobenzene (4 compounds).

Final Answer: (4)
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Quick Tip

When analyzing Friedel-Crafts reactivity:
e Check for deactivating groups (e.g., —NOy, —NHz) that hinder reactivity.

e Groups like —OH or —NH, may coordinate with Lewis acids, preventing
the reaction.

e Activating groups (e.g., —CHj3, —OCHj3) enhance the ring’s reactivity for
Friedel-Crafts reactions.

89. Total number of electrons present in (7*) molecular orbitals of Oa, OF , and O is

Answer:(6)

Solution:

The electronic configuration of Oy and its ions in terms of molecular orbitals is as
follows:

o(1s)%0* (1s)%0(2s)%0* (25) 20 (2p.)* 7 (2p)* = 7(2py) 7 (2p2) ' ¥ (2py )
e For Oy: There are 2 electrons in 7* orbitals.
e For O;’ : 1 electron is removed from the 7* orbitals, leaving 1 electron.

e For O;: 1 electron is added to the 7* orbitals, making it 3 electrons.

Total electrons in (7*) molecular orbitals =241+ 3 =6

Final Answer: (6)
When solving molecular orbital problems:

e Recall the order of molecular orbitals for diatomic molecules (e.g., o, 7, 7).

e Add or remove electrons based on the charge of the molecule.

e Focus on the specified orbitals (e.g., 7 in this question) to count the electrons

correctly.

90. When AHy,, = 30kJ/mol and ASya, = 75J mol_lK_l, then the temperature of
vapor, at one atmosphere, is K.

Answer:(400)
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Solution:
Using the relation at equilibrium:

AG=AH -TAS =0

Rearranging for 7"
_ AH

N

Substitute the given values:

AHyap = 30kJ/mol = 30 x 10° J/mol, ASyp, = 75J mol 'K~

30 x 10

= 400K
75

T
Final Answer: (400)

When solving thermodynamic problems:
e Use the Gibbs free energy relation: AG = AH — TAS.
e Remember to convert units of AH and AS to the same scale (e.g., J/mol).

e At equilibrium, AG = 0, which simplifies the calculations.
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