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Mathematics

Question 1.
If the function

fla) = {—%_‘3118*“ “#0,
alog,2log,3, =0
is continuous at & = 0, then the value of a? is equal to:
1. 968
2. 1152
3. 746
4. 1250

Correct Answer: (2)
Solution:

Given the function:
72°—9"—8"+1 T 7£ 0
f(ZE) _ ) V2—/T+cosz’ ’
aln2ln3, xr=0

To ensure f(x) is continuous at x = 0, we must have:

lin £ () = f(0).

Step 1: Evaluate the Limit

For z # 0, compute:

lim f(z) = li 727 — 9T — 8" +1
im f(x) = lim .
-0 =0 /2 — /1 + cosx
(rlna)?

Expand 727, 9%, and 8" near x = 0 using the series expansion a* = 14z Ina+*—"+---:
2" ~14xzIn72, 9" =14+xIn9, 8" =1+ zlns.

Substitute these into the numerator:

72° -9 -8+ 1x(1+2zIn72) - (1+2n9) — (1+2n8)+1=2(In72 —In9 — In8).

Simplify:

72
In72—-In9—-mm8=In|—)=nl1=0.
n n n n(9'8> n

1
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Therefore, we must consider higher-order terms. For small z, the numerator becomes:

22In81no.

2

Now, expand the denominator v/2 — /1 + cos x using cosz ~ 1 — %

2 72 22
V14 cosx =~ 1—|—(1—_): 2__%\/___

2 2 42
Thus: )
\/_— V14 cosx ~ x—.
44/2
Substitute into the limit:
21n8In9
lim f(z) = lim u =4v2In8In9.
z—0 z—0 il
42

Step 2: Continuity Condition

For continuity at x = 0, the limit must equal f(0):
lim f(z) =aln2In3.
z—0

Equating:
4v/2In81n9 = aln21n 3.

Simplify using In8 = 31In2 and In9 = 21n 3:
4v2(31n2)(2In3) = aln21n 3.

24v/21n2In3 = aln21n 3.
Cancel In21n 3:

a = 24V/2.

Step 3: Find qa?
a? = (24v/2)? = 576 x 2 = 1152.
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Final Answer:

The value of a? is:

[1152]

Quick Tips

1. For continuity, equate the limit of the function to its value at the point. 2. Use
first-order approximations for exponential and trigonometric functions for simpli-
fications near x = 0. 3. Simplify logarithmic terms carefully, and ensure proper
handling of square roots and expansions.

Question 2.
If A > 0, let 6 be the angle between the vectors

G=i14+X —3k and b=3i—j+ 2k
If the vectors @+ b and @ — b are mutually perpendicular, then the value of (14 cos6)? is
equal to:
1. 25
2. 20
3. 50
4. 40

Correct Answer: (1)
Solution:

Step 1: Condition for perpendicularity For @ + band @— b to be perpendicular:

-

(@+0b)-(@—0b)=0.

Simplify:

=T
U
|
Sal!
Sl
I
o

Step 2: Compute |@? and |b|2
@2 =1+X+9, [p2=9+1+4
j@> = |b)> =10+ A2 — 14 = 0.

Solve for \2:
M=4 = X=2 (asA>0).

Step 3: Compute cosf The angle 6 is between @ and b. Use:

ST
S

cosf = —.
|| [b]
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Calculate @ - b:
a-b=(1)3)+(2)(=1)+(-3)(2) =3—2—6 = —5.

Calculate |@| and |b]:

@ =vV1+4+9=114, [b =14

Thus:
cosf— 0 7O
V1414 147
Step 4: Compute (14 cos )2
-5
1l4cos =14 - — = —5.
14

Square it:
(14 cos6)* = (=5)? = 25.

Final Answer: 25.

Quick Tips

=,

1. Use the condition (@+b) - (@—b) = 0 for perpendicular vectors. 2. Compute dot
products and magnitudes systematically to avoid errors. 3. Simplify expressions
step-by-step, especially when dealing with square roots or fractions. 4. Verify
intermediate results by substitution into the original equations.

Question 3.

Let C be a circle with radius v/10 units and centre at the origin. Let the line z 4+ y = 2
intersect the circle C' at the points P and (). Let M N be a chord of C' of length 2 units
and slope —1. Then, the distance (in units) between the chord PQ and the chord M N

1S:
1.2—3
2.3 -2
3.v2—-1
4. v/2+1

Correct Answer: (2)
Solution:

Step 1: Circle equation and points of intersection The equation of the circle is:
C: 22+ 4% =10.

For the chord M N, the midpoint formula gives:

PRSI

4
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Step 2: Determine perpendicular distance from the center In AOAN:
(ON)? = (OA)? + (AN)2,
Substitute ON = /10, AN = 1:
10=(0A)*+1 — 0OA=3.

Step 3: Perpendicular distance from chord P() The distance from the center to P() is
calculated using:

0+0—2
Perpendicular distance = M =/2.

V2
Step 4: Distance between M N and P() The perpendicular distance between M N and
PQ is given by:
Distance = OA + v/2.

Substitute OA = 3:
Distance = 3 + \/5 or 33— \/5

Thus, the required distance is:

32

Quick Tips

1. Use the midpoint formula for chords and the perpendicular distance formula
for lines efficiently. 2. Analyze the geometry of the circle for calculating distances.
3. Break down problems involving intersections of lines and circles into simple
geometric components.

Question 4.
Let a relation R on NV x N be defined as:

(1, y1)R(w2,12) if and only if #1 < 2 or y1 < yp.

Consider the two statements:

e (I) R is reflexive but not symmetric.

e (II) R is transitive.
Then which one of the following is true?

1. Only (II) is correct.

2. Only (I) is correct.

3. Both (I) and (II) are correct.

4. Neither (I) nor (II) is correct.



Z@LLEGE JEE Main 2024 April 4 Shift 2 Question Paper with Solution

Correct Answer: (2)
Solution:

All pairs ((x1,91), (x1,y1)) are in R, where x1,y; € N.

Thus, R is reflexive.
For symmetry:
((1,1),(2,3)) € R, but ((2,3),(1,1)) ¢ R.
Hence, R is not symmetric.
For transitivity:

((2,4),(3,3)) € R and ((3,3),(1,3)) € R, but ((2,4),(1,3)) ¢ R.

Thus, R is not transitive.
Final Answer: Ounly (I) is correct.

Quick Tips

1. Reflexivity requires a relation to hold for all elements with themselves. 2.
Symmetry requires a relation to hold in both directions. 3. Transitivity ensures
that if aRb and bRc, then aRc must hold. 4. Always verify the properties with
examples when in doubt.

Question 5.

Let three real numbers a, b, ¢ be in arithmetic progression and a+1, b, c+3 be in geometric
progression. If @ > 10 and the arithmetic mean of a,b,c is 8, then the cube of the
geometric mean of a, b, ¢ is:

1. 120
2. 312
3. 316
4. 128
Correct Answer: (1)
Solution:
Step 1: Arithmetic progression condition Given that a, b, ¢ are in arithmetic progression:
2b=a+c.

Step 2: Geometric progression condition The numbers a + 1,b,c + 3 are in geometric
progression:

b = (a+1)(c+3).
Step 3: Arithmetic mean condition The arithmetic mean of a, b, ¢ is 8:

a+b+c

3 =8 = a+b+c=24.
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Using 2b = a + ¢, substitute ¢ =24 —a — b:
b=8, a+c=16.
Step 4: Solving the quadratic equation Using the geometric progression condition:
b = (a+1)(c+3).
Substitute b = 8,¢ =16 — a:
64 = (a+1)((16 —a) + 3),
64 =(a+1)(19 —a).

Expand and simplify:
64 =19a + 19 — a® — a,

a® — 18a — 45 = 0.

Factorize:
(a —15)(a—3) =0.

Since a > 10, we have:
a=15, c=1, b=28.

Step 5: Geometric mean The geometric mean of a, b, ¢ is:

Geometric Mean = vVabe = v/15-8 -1 = v/120.

Cube of the geometric mean:
3
(Vabe)” = 120.

Final Answer: 120.

Quick Tips

1. Arithmetic progression (AP): Use the condition 2b = a + ¢. 2. Geometric
progression (GP): Use the condition b? = (a + 1)(c + 3). 3. Solve systematically
using given constraints and verify a > 10. 4. Ensure to compute the arithmetic
mean and geometric mean carefully.

Question 6.
Let

]

and B = I 4 adj(A) + (adj(A))%2 + ...+ (adj(A))'°. Then, the sum of all the elements of
the matrix B is:

1. =110
2. 22
3. —88
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4. —124

Correct Answer: (3)
Solution:

Step 1: Find the adjugate of A The adjugate of A is:
. 1 -2
adj(A) = [0 ) ] :
Step 2: Powers of adjugate The square of adj(A) is:
: 1 —4
waita)? = |y 7
Similarly, for higher powers:

(adj(4))"0 = |

Step 3: Matrix B The matrix B is given as:

B =1+ adj(A) + (adj(A))? + ... + (adj(A))'°.

b 7l

Using the formula for the sum of a geometric series:

B_ 10 . 1 -2 n 1 —4 P
01 0 1 0 1 o
Adding all terms:

11 —110
B_[o 11 ]

Step 4: Sum of elements of B The sum of all elements in B is:
Sum = 11 4 (—=110) + 0 4+ 11 = —88.

Final Answer: —88.

Quick Tips

1. Use properties of adjugate matrices: adj(A)" for higher powers. 2. For summing
geometric series in matrices, apply the formula systematically. 3. Carefully sum
the elements to avoid computational errors. 4. Verify the steps by substituting
smaller powers of the adjugate for clarity.

Question 7.

The value of
1x224+2x324 ... 4100 x (101)2

12x2+422x3+...+100% x 101

1s:
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1. 306/305
2. 305,/301
3. 32/31
4. 31/30

Correct Answer: (2)
Solution:

Step 1: Representing the numerator The numerator is:

100

Z r(r+1)%

r=1
Step 2: Representing the denominator The denominator is:

100

ZrZ(r +1).

r=1

Step 3: Expand terms Expanding the numerator:

100 100
Zr(r +1)2 = Z(r?’ +2r2 + 7).
r=1 r=1

Expanding the denominator:

100 100
272(7” +1) = Z(’r?’ +1?).
r=1 r=1

Step 4: Using summation formulas The summation formulas used are:

n n

B n—|—1 n(n+1)(2n+ 1) "~ 5 (n(n+1) 2
Sore MR S MR, 5 < (M)

r=1 r=1

For the numerator:

100 2

100 - 101 100-101-201 100 - 101
E(r3+2r2+r):(T) +2. ; L
r=1

For the denominator:

g%(r% 2y _ (100- 101 2+1oo-1o1.2o1
re) = ——— _—
r=1 2 6

Step 5: Simplify expressions Simplify the numerator:

+1

100
100-101 {100-101 2-201
PR [ -

= 2 2 3
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Simplify the denominator:
100

3. 9 100 - 101 [100-101 201
Z(r +7r%) = +—1.
2 2 3
r=1
Step 6: Substitute n = 100 and calculate For the numerator:
100 - 101 100 - 101
——— [5050 + 134 + 1] = — 5185.
For the denominator:
100 - 101 100 - 101
——— [5050 + 67] = — 5117.
Step 7: Final ratio
Ratio 5185 305
io=—-=—.
5117 301

. . 305
Final Answer: 301

Quick Tips

1. Expand and simplify using standard summation formulas: > r, Y 72,3 3. 2.
Factor out common terms early to reduce computation complexity. 3. Carefully
compute step-by-step for accurate results. 4. For large n, simplifications often
involve factorial or polynomial expansions.

Question 8.
Let .
f(z) = / (t+sin(1—e"))dt, x € R.
0

Then

lim _f(?)

r—0 X
is equal to:

1
14
2. —
3. —

2
4.2

[SUIN AN

Correct Answer: (2)
Solution:

First, evaluate f(z):

f(z) = /093 (t+sin (1 —€')) dt.

Using the linearity of integration, split the integral:

f(z) :/Oxtdt+/oxsin(1_et) dt.

10
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Step 1: Evaluate the First Term
/ tdt = {—} S

Step 2: Expand the Second Term

The first term 1is:

For small ¢, expand sin(1 — e!) using the Taylor expansion:

t t ¢ t
e+t —, 1—et%—t—§, sin(l — e') msin(—t — —) ~ —t — —.

2 2 2
/ sin(1 — e') dt ~ / <—t - —) dt.
0 0 2

Thus:

Evaluate each term:

Thus:

Step 3: Combine the Results

Combine the two terms:

Step 4: Compute the Limit

The given limit is:

1
=0 3 a0 13 6

11
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Final Answer:

The value of the limit is:

Quick Tips

1. For integrals involving limits, differentiate carefully when applying L’Hopital’s
Rule. 2. Ensure proper handling of nested functions like sin(1—e*) by applying the
chain rule. 3. Simplify the expression step-by-step, especially when higher-order
derivatives are required. 4. Limits often simplify at x — 0 using approximations
like e — 1.

Question 9.
The area (in sq. units) of the region described by

{(z,y) 1 y* < 2z, y > 4o — 1}

is:

N[

:-Jk w0 [\
%lco Gl: ©loo c»ol»i

Correct Answer: (4)
Solution:

Step 1: Identify the curves 1. 32 = 2z represents a parabola opening to the right. 2.
= 4x — 1 is a straight line.
Step 2: Intersection points To find the points of intersection, solve y? = 2z and y = 42 —1:

(40 —1)% = 2z.

Expand and simplify:
1622 — 8z + 1 = 2,
162 — 10z + 1 = 0.

Factorize or solve using the quadratic formula:

1
rT==, T=-.
2’ 8
Forx:%,y:zl(%)—l:l, Forx:%,yzél(%)—l
Step 3: Area of the region The area is calculated as:

Area = /xl/2 [(43: -1)— (—\/%)} dr.

~1/8

=0.

12
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Separate the integral:

1/2 1/2
Area = / (4dx — 1)dx + V2 da.
1/8 1/8

(i) Compute fll//82(4x — 1)dx:
/(4x — 1)dz = 222 — x.

Evaluate from z = 1/8 to z = 1/2:

(ii) Compute fll/; V2z da:
/\/%dx = §(2x)3/2.

Evaluate from z = 1/8 to z = 1/2:

2 1 1
2 (2 % 2)3/2 _ (9 % 2)3/2
> |expr-exy)
2 1 2 3 1
3 4 3 4 2
Step 4: Total area
A + ! )
I = — _ = —
T3 T T

Final Answer: %.

Quick Tips

1. For regions bounded by curves, carefully identify points of intersection. 2. Set up
the integral as the difference of the upper and lower curves. 3. Simplify quadratic
and square root terms systematically to avoid errors in limits.

Question 10.
The area (in sq. units) of the region

S={ze€C:|]z—-1<2;(z+2)+i(z— 2) <2, Im(z) > 0}

is:

13
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17
35
7
4. T
Correct Answer: (2)

Solution:

Let 2z = x 4 1y, where z,y € R. The given conditions are:
1. From |z — 1] <2:
2-1]<2 = J(#z—-1)24y2<2 = (-1} +¢° <4 (1)

This represents a circle centered at (1,0) with radius 2.
2. From (z +%) +i(z —2) < 2:
z+zZ=2x, z-—Z="2y.
Substitute these into the inequality:
20 +1i(2iy) <2 = 20 +2y<2 = v —y <1, (2)

This represents a straight line x — y = 1, with the inequality indicating the region below
this line.
3. From Im(z) > 0:

Im(z) =y > 0. (3)

This represents the upper half-plane.

Step 1: Intersection of the regions

The region S is the part of the circle (z — 1)? 4 y? < 4 that lies in the upper half-plane
(y > 0) and below the line x —y = 1.

Step 2: Required Area

The region is the area of a semicircle minus the area of the sector A, as shown in the
diagram. The semicircle has radius 2, and the sector is subtended by an angle of 7.
1. Area of the semicircle:

1 1
Area of semicircle = §7r7°2 = —71(2)? = 2m.
2. Area of the sector:
4 o 14 2 _ T
Area of sector = — - r“ = = . 7w(2)° = =
T 2m 2

3. Required area:

T 3r
Required area = Area of semicircle — Area of sector = 27 — 5= 5"

14
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Final Answer: 3?”

Quick Tips

1. Break down the conditions given in terms of x and y. 2. Identify the geometric
shapes formed (circle, line, etc.). 3. Calculate intersections using substitution and
solve quadratic equations carefully. 4. Subtract the unwanted area (sector) from
the total area (semicircle) for the required region.

Question 11.
If the value of the integral

/H COS X 2
dr = —,
—1 14‘33C T

then the value of « is:

1. g

2. §

3.5

4. %
Correct Answer: (2)
Solution:
Let

+1
COs axr
I= de (D).
/_1 1+30 4 (1)

By substitution £ — —z, the integral becomes:

+1
1_/ RN e (1),
-1 143~

Using the property of definite integrals:

b b
/ f(z)dx :/ fla+b—x)dx.
Add equations (I) and (II)

+1 +1

COs ax COsS ax
[+1= d d
" /_1 1130 x+/_1 13«

+1
2] = / cos(aux) dx.
-1

Combine terms:

By symmetry of the cosine function, the limits simplify:
1

21 = 2/ cos(aur) dx.
0

15
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Evaluate the integral:

Substitute the limits:

sin o
I =
«
Given: 5
I =—.
T
Equate and solve for a:
sina 2
a o7

Numerically, o = 5 satisfies this equation.
Final Answer:

Quick Tips

1. Use the symmetry of definite integrals to simplify calculations. 2. For even
functions, limits simplify integrals; for odd functions, integrals evaluate to zero over
symmetric limits. 3. The substitution x — —z can help in identifying symmetries
in the integral. 4. Numerical or graphical verification of transcendental equations

o sinae __ 2 : -
like 2% = = is often required.

(SE]

Question 12.
Let f(z) = 3v/x — 2 + /4 — x be a real-valued function. If a and S are respectively the
minimum and maximum values of f, then a? + 242 is equal to:

1. 44

2. 42
3. 24
4. 38
Correct Answer: (2)

Solution:

The function is given as:

f@)=3Ve -2+ V4—u.
Step 1: Domain of f(z) For f(z) to be real:
r—2>0 and 4—2>0 = x € [2,4].
Step 2: Substitution for simplification Let:
x = 2sin’ 0 +4cos?f, so that z € [2,4].
Substituting in f(x):
f(x) = 3v/2| cos 0] + V2| sin 6.

16
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Step 3: Finding the range of f(z) The expression for f(z) becomes:
f(z) = \/5(3| cosf| + |sind)).
To find the minimum and maximum values of f(z), consider:
V2(3| cos 6] + | sind)).
Since | cosd| and |sin 0| vary between 0 and 1:
V2 < f(z) < V20.

Thus, the minimum value a = v/2, and the maximum value 3 = v/20.
Step 4: Calculation of o + 232

o= (V2)?2=2 p%=(v20)% =20.

o +26% =24+ 2(20) = 2+ 40 = 42.

Final Answer: 42.

Quick Tips

1. Identify the domain of the given function before solving for extreme values.
2. For trigonometric substitutions, ensure bounds are respected for values like
|sin@| and |cosf|. 3. Simplify expressions using symmetry or known properties of
trigonometric functions to minimize errors. 4. Square roots and absolute values
often require careful handling for minimum and maximum computations.

Question 13.
If the coefficients of 24, 2° and 2% in the expansion of (14z)™ are in arithmetic progression,

then the maximum value of n is:
1. 14
2. 21
3. 28
4.7
Correct Answer: (1)

Solution:

The coefficients of 24, 5, and 2° in the expansion of (1 + z)" are:

() G) G

Since these are in arithmetic progression (AP), we have:

() -()+(5)

17
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Using the property of binomial coefficients:
n

n\ n—-r+l n
r) r r—1)’
we rewrite (g), (}), and (g):

() -5 0) () -50)

Substitute these into the equation 2(?)

(1) =05 (0)

Cancel (7}) (non-zero for n > 4):

I
—
NN
—
_|_
—~
o3
N

—4 (n—"5)(n—4)
2—— =1
5 i 30
Simplify:
2(n —4) 14 (n—>5)(n—4)
5 30 '

Multiply through by 30 to eliminate fractions:
12(n —4) =30+ (n — 5)(n —4).

Expand and simplify:
12n — 48 = 30 + n® — 9n + 20.

n* — 21n + 98 = 0.
Solve the quadratic equation:

. —(—21) £ /(—21)2 —4(1)(98) 21 +/441—392 21++/49
B 2(1) B 2 2

217
n—=—]——.

The maximum value of n is:

Quick Tips

1. Use the properties of binomial coefficients and their ratios to simplify expressions
involving combinations. 2. For arithmetic progression, the middle term is the
average of the first and third terms. 3. Solve quadratic equations carefully to
ensure both roots are considered, especially for maximum and minimum values. 4.
Always verify the conditions of the problem for each root obtained.

18
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Question 14.

Consider a hyperbola H having center at the origin and foci on the z-axis. Let C7 be
the circle touching the hyperbola H and having the center at the origin. Let C be the
circle touching the hyperbola H at its vertex and having the center at one of its foci. If
areas (in sq. units) of C1 and Cy are 36w and 47, respectively, then the length (in units)

of latus rectum of H is:
1. 2
2. 4
3. 4

4. 4

[

Correct Answer: (1)
Solution:

Step 1: Radius of circles C and Cy The areas of the circles are given:

Area of 7 = 36mr — WT% =36m = r1 =6.

Area of Uy = 47 — 7r7’§:47r — 19 =2.

Step 2: Relationship between hyperbola and circles For the hyperbola H with foci at
(£¢,0) and vertices at (+a,0), the relationship is:

rr=a, 7T9=cC—a.
Substitute r;1 = 6 and r9 = 2:
6=a, 2=c—a = c=28.
Step 3: Length of latus rectum The length of latus rectum of a hyperbola is given by:

2b*
Length of latus rectum = —.
a

Using the relation ¢? = a® + b%:
F=a*+b = 82 =6"+1* = b* =64 —36=28.
Thus:

20 2-28 28
Length of latus rectum = — = —— = —.

a 6 3
Final Answer: %.
Quick Tips

1. For a hyperbola, use the relation ¢ = a? + b® to find unknown parameters. 2.

The length of latus rectum for a hyperbola is given by %. 3. Ensure all given
conditions (circle areas and their relationship with the hyperbola) are satisfied while
solving. 4. Verify units of the final answer for consistency.

19
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Question 15.
If the mean of the following probability distribution of a random variable X:

X J[o[2] 4 [6]8
P(X)[a|2ala+b]|2b]3b

is %, then the variance of the distribution is:

581

8
17

27
151

27

—_

= W N
w

Correct Answer: (2)
Solution:

Step 1: Total probability condition The total probability of a distribution is 1. Thus:
a+2a+a+b+2b+30=1.

Simplify:
da +6b = 1. (1)

Step 2: Mean of the distribution The mean p is given by:
p=>y XP(X).
Substitute the values of X and P(X):
pu=0-a+2-2a+4-(a+b)+6-2b+8-30b.

Simplify:
i = 4a + 4a + 4b + 120 + 24b = 8a + 40b.

Given pu = %, we have:
46

Step 3: Solve equations (1) and (2) From equation (1):
1—-6b
a=—:-". (3)

4

Substitute a from equation (3) into equation (2):
1—6b 46
8 —— 406 = —.
AL

Simplify:
4
2(1 —6b) + 400 = 56,

20
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4
2—126+4Ob:§6,

4
2+28():§6.

Multiply through by 9:
18 + 252b = 46,

1
252b =28 = b:§.
Substitute b = % into equation (3):
1 2 1
a:1—6.§:1—§23_ 1.
4 4 4 12

Step 4: Variance of the distribution The variance ¢ is given by:

o> = X’P(X) - 2.

First, calculate Y X?P(X):
Y X*P(X)=0%-a+2" 20447 (a+Db)+6>-2b+ 8- 3b.
> X?P(X) =0+ 8a+ 16(a -+ b) + 72b + 192D,

> X?P(X) = 8a + 16a + 16b + 72b + 192b = 24a + 280D.

. 1 _ 1.
Substitute a = 19 and b = oE

1 1 280 18 280 298
X?P(X)=24- — 49280 - = =2+ — =" 4 — ="
2 X°P(X) Rty Tty T T T
Now, calculate o2
, 208 /462
ot =——-\—= .
9 9
, 208 2116
o= — — —.
9 81

Take LCM:
52— 2682 2116 566

81 81  81°

Final Answer: %.

Quick Tips

1. Use the total probability condition to relate unknowns a and b. 2. The mean
formula helps form additional equations to solve for a and b. 3. Variance involves
> X2P(X) and the square of the mean . 4. Carefully substitute values and
simplify step-by-step.

Question 16.
Let PQ be a chord of the parabola y? = 12z and the midpoint of PQ be at (4,1). Then,
which of the following points lies on the line passing through the points P and Q)7
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1. (3

(3,-3)

(2. -16)

(2,-9)

(3. —20)
Correct Answer: (4)
Solution:

[\][V]

DO

2.
3.
4.

Step 1: Equation of the chord For a parabola y? = 12z, the equation of the chord passing
through points P and @, with midpoint (h, k) = (4, 1), is given by the midpoint formula:

T =25].

Here, substitute h = 4 and k = 1:

1

y—1= g(x —4).
Simplify:

8(y—1)=x—4.

x — 8y = 23. (1)
Step 2: Check the options Substitute each option into the line equation x — 8y = 23: 1.
For (3, —3):
3—8(—3)=3+24=27+#23. (Not satisfied).

2. For (3,-16):

; —8(—16) = g + 128 #23.  (Not satisfied).

3. For (2,-9):
2-8(—-9)=2+72=74+#23. (Not satisfied).
4. For (3, —20):

1 1
5~ 8(—20) = 5 + 160 = 23. (Satisfied).

Final Answer: (%, —20).

Quick Tips

1. Use the midpoint formula 7" = S to find the equation of the chord of a parabola.
2. Substitute each given point into the derived equation to verify which satisfies it.
3. Simplify carefully to avoid calculation errors.
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Question 17.
Given the inverse trigonometric function assumes principal values only. Let x,y be any
two real numbers in [—1, 1] such that

-1

CoS av—sirfly:()z7 ——<a<m.

s
2
Then, the minimum value of 22 4+ y? 4+ 2zy sin « is:

1. -1

- W N
| )
D[ —

DO

Correct Answer: (2)
Solution:

Step 1: Expression for o Given:

-1 m -1 _
cos xr—|(=—cos y|=a.

2
Simplify:
T
cos lax4cosTly = 5 + a. (1)
Step 2: Range of o From the principal values of inverse trigonometric functions:
e[ﬂ] s 6037r (2)
a€ |——, —+a —1.
2717 2 "2

Step 3: Expression for 22 4+ y? + 22y sin o Using trigonometric identity:

cos ! (xy—\/l—xQ\/l—gﬁ):E—ka. (3)

2
Substitute:
zy — V1—22/1—y2 = —sina. (4)
Substitute into the expression:
2% 4+ y* 4 2zysina = 1 —sin® o (5)
Simplify:
2% 4+ 42 + 2zysina = cos” a. (6)

Step 4: Minimize cos? @ The minimum value of cos? a occurs when:

cosa=0 (ata= :tg)

Final Answer:
Minimum value of z? + y? + 2zy sina = 0.

23



Z@LLEGE JEE Main 2024 April 4 Shift 2 Question Paper with Solution

Final Answer: O.

Quick Tips

1. Always consider the principal ranges of inverse trigonometric functions. 2.
Simplify the given expressions step by step using trigonometric identities. 3. For
optimization problems, identify critical points based on minimum or maximum
values.

Question 18.
Let y = y(x) be the solution of the differential equation:

d
(22 + 4)2£ + (223y + 8zy — 2)dx = 0.

If y(

0) = 0, then y(2) is equal to:
L%

=

6
27

-~ W

=

Correct Answer: (4)
Solution:

Step 1: Rearrange the given differential equation The given equation can be rewritten as:

dy 223 + 8z 2

i Y@y T @rap

Step 2: Solve using the integrating factor (IF) The integrating factor is given by:
IF = ¢ #ad,
Let u = 22 + 4, so du = 2zdx. Substituting:

2x 9
/x2+4dm:1n(x +4).

Thus, the integrating factor is:
IF = 61n(x2+4) _ l’2 + 4.
Step 3: Multiply through by the integrating factor Multiplying through by 2 + 4:
2
y(z? +4) = / m(mz + 4)dz.

Simplify the integrand:

2
y(a? +4) = / o +4dm.
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Step 4: Integrate The integral of x++4 is:
1 1 T
dr = ~ tan™! (—) :
/ 2rd T2 g

1
y(z® +4)=2- 3 tan ! (g) +C.

Thus:

Simplify:
y(z® +4) = tan! (%) +C.
Step 5: Apply initial condition At z =0,y = 0:
0-(0*+4)=tan '(0) +C = C =0.
Thus:

y(z® +4) = tan! (%) :

Step 6: Solve for y at x = 2 Substitute z = 2:

2
y(22 +4) = tan™? (5) .
Simplify:
y(4 4 4) = tan (1),

Since tan~!(1) = I, we have:

Solve for y:

T
32

Final Answer:

1. Use integrating factors to simplify linear first-order differential equations. 2.
Always apply initial conditions to determine the constant of integration. 3. Recall
standard integrals like [ —t—>dz = L tan™! (%),

r2+a? a

Question 19.
Let
a=1+j+k, b=2i+4j —5k, and c=xi+ 27+ 3k, vz € R.

If d is the unit vector in the direction of b+ & such that @-d = 1, then (@ x b) - ¢ is equal
to:
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4. 11

Correct Answer: (4)
Solution:

Step 1: Calculate b+¢

b+é=2+z)i+(@A+2)]+ (—5+3)k = (2+2)i +6) — 2k.

Step 2: Find the unit vector d in the direction of b+ & The magnitude of b+ Cis:

b+cl = \/(2+:c)2+62+(—2)2.

Simplify:

b+ = \/(2—|—x)2—|—36—|—4: \/(2+x)2+40.
Thus, the unit vector d is:

¢ (2+a)i+65—2k
| (2+x)2+40

S

= 1 Compute @ d:
1(2+z) 4+ 1(6) + 1(—2)
2+x)2+40

Step 3: Apply the condition @ -

a-d=

Simplify:
2+r+6-2 x+6

a-d= = :
VER+2)2+40 /(24 2)2 +40

Set @-d=1:
r+6

(24 x)? 440

Squaring both sides:
(2 +6)* = (2 + )2 + 40.
Expand:
2%+ 122 + 36 = 4 + 42 + 2% 4 40.

Simplify:
122 4 36 = 4o + 44.

8r=8 — x=1.

Step 4: Compute (@ x b) - € First, calculate @ x b:

gk
axb=111 1/|.
2 4 =5
Expand:
oz L1 ~11 ~11 1
a><b—z4 _5' J g _5—1-1{:2 4‘.
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Axb=i(=5—4)— j(=5—2) + k(4 —2).
dxb=—9i+7]+2k.
Now compute (@ X b) - & with z = 1, so &= i + 2J + 3k:
(@xb)-&=(=9)(1) + (7)(2) + (2)(3):
(@xb)-¢=-94+144+6=11

Final Answer: 11.

Quick Tips

1. For vector problems, systematically compute cross products and dot products.
2. Use the condition @ - d = 1 to determine unknowns like x. 3. Always simplify
intermediate steps to avoid calculation errors.

Question 20.
Let P be the point of intersection of the lines

r—2 y—4 z-2 r—3 y—2 z—3
= = and = = .
1 5 1 2 3 2
Then, the shortest distance of P from the line 4z = 2y = z is:
1 5v14
: 7

V14
2. 5
3V14
3. ==
6v/14
4. 2=

Correct Answer: (3)
Solution:

Step 1: Equation of the lines For the first line,

r—2 y—4 z-2
1 5 1
PA+2,504+4,A+2).

=\

For the second line,
r—3 y—2 z-—3

2 3 2 I

P2u+ 3,3+ 2,2u + 3).

Step 2: Point of intersection Equate the coordinates for P:

A+2=2p+3 = A=2u+1

BA+4=3u+2 = 5Qu+1)+4=3u+2,
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0p+5+4=3u+2 = Tu=-7T = p=-L

Substituting p = —1:
A=2(-1)+1=—-1

The point of intersection P is:
P(1,-1,1).

Step 3: Distance of P from line Lz For the line L3: § =4 = % =F,

=

Q(k, 2k, 4k).
Direction ratios of PQ:
DR’s of PQ = (k — 1,2k + 1,4k — 1).
Since P() is perpendicular to Ls:

(k—1)(1)+ (2k+1)(2) + (4k —1)(4) =0,

1
E—1+4k+2+16k—-4=0 = 21k-3=0 = k=

7
12 4
Q(w?)-

Step 4: Distance P() Using the distance formula:

o)+ () ()
ra=(2)+ () ()

Coordinates of Q:

36 81 9 126 /126
PQ=\/—4+—+— PQ=\—=—.
49 49 49 49 7
Simplify:
PQ = —3\/ﬁ.
7
Final Answer: @ .

Quick Tips

1. To find the intersection of lines, equate the parametric equations and solve for
parameters. 2. Use the perpendicular condition for the shortest distance from a
point to a line. 3. Simplify square roots carefully to avoid calculation errors. 4.
Review vector and parametric line equations for geometric interpretations.
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Question 21.
Let S = {sin?26 : (sin® 6 + cos? )22 + (sin 20)x + (sin% @ + cos® §) = 0 has real roots}. If
« and f3 be the smallest and largest elements of the set S, respectively, then 3((a —2)% +

(3 —1)?) equals:
Correct Answer: (4)

Solution:

Step 1: Identify the discriminant of the quadratic equation The given equation is:
(sin? @ + cos* )22 + (sin 260)z + (sin® 0 + cos® ) = 0.

Let a = sin® 0 4 cos? 0, b = sin 26, ¢ = sin® 6 + cos® 6.
For the equation to have real roots, the discriminant D > 0:

D = b% — 4ac.
Step 2: Simplify the expressions for a, b, and ¢ Using trigonometric identities:
sin*6 4 cos* 6 = 1 — 2sin? 0 cos? 0,
sin® @ + cos® 6 = (sin? 0 4 cos? A) (sin? @ + cos? § — sin? O cos? ) = 1 — 3sin®  cos? 6.

Thus:
a=1-2sin’0cos’h, b=sin20, c¢=1—3sin’fcos’4.

Step 3: Express sin?26 in terms of a, b, and ¢ Since sin?20 = 4sin? 6 cos® 0, we can

rewrite:
sin?20 =1 — a.

Step 4: Solve for sin® 20 Substitute into D:
D = b? — 4ac = (sin 20)? — 4(1 — 2sin? § cos® §)(1 — 3sin® f cos? 6).

Simplify D:
D = sin®26 — 4(1 — sin® 20/2)(1 — 3sin® 20/4).

Let 2 = sin® 20. Then:

Expand and simplify:

2 4 8

2

Dew—af(1-2% %)
4 8
2
D:x—4—|—5x—3i,
2

2

D:—S%+6a:—4.
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Step 5: Solve D > 0 For real roots:

32
—%+6x—420.

Multiply through by —2/3 to simplify:

8
x2—4x+§§0.

Solve this quadratic inequality:

Thus:

Final Answer: 4

Quick Tips

1. Always simplify trigonometric expressions using identities like sin® §+cos? 0 = 1.
2. For quadratic equations, check discriminants to ensure real roots. 3. Substitute
& = sin” 26 or similar variables for easier handling of powers. 4. Verify the range
of solutions to ensure they lie within valid trigonometric limits.

Question 22.
If fcsc5xdx = acotxcscw (CSCZCL’ + %) + Blog, ’tan%‘ + C, where o, 5 € R and C is a
constant of integration, then the value of 8(a + ) equals:

Ans. (1)
/0305 vdr =1

Solution:
Using integration by parts:
I = —cotxesc®z + / cotx (—3 esc? z cot x cse :1:') dx
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I = —COtZECSC?)l’—3/CSC3ZL‘(CSC2:L‘—1) dx

I = —cotxcsc?’x—?)f—i-?)/csc?’xdx

Let Iy = [ csc® z da:

Iy :—cscmcotx—/cothcscxdx
_ . 2
]1——cscxcotx—/(csc x—l) csc xdx

x
I = —csc:vcotx%—ln‘tanﬂ

Now,

I 1 S )t x’
= ——Cscxrcotx — In |tan —
L 2 2 2

Substituting into the expression for I:

3 3 3
4] = —cotxcsc® x — gcotazcscx (CSCQ.CE+§) +gln‘tang‘ +4C

Simplify:

x
¢ —] C
an2 +

I L ot 2 +3 +31
= —— Ccotxcscxr | csCcC o — — 1n
4 2) "8

Comparing coefficients:

Quick Tips

1. Use integration by parts for higher powers of trigonometric functions like csc” x.
2. Simplify using standard integrals of csc® z and logarithmic properties. 3. Pay
attention to constants while combining terms. 4. Check the result for consistency
with standard forms of indefinite integrals.

Question 23.

Let f : R — R be a thrice differentiable function such that f(0) = 0, f(1) = 1, f(2) =
—1, f(3) = 2, and f(4) = —2. Then, the minimum number of zeros of (3ff" + f")(x)
1s:

Ans. (5)

Solution:

31



Z@LLEGE JEE Main 2024 April 4 Shift 2 Question Paper with Solution

Step 1: Analysis of f(x)
The given values of f(x) indicate that the function changes sign multiple times:

Thus, f(z) has at least four roots in the interval [0,4]: one at © = 0 and others due to
sign changes at x =1, z = 2, and = = 3.

Step 2: Application of Rolle’s Theorem

1. Since f(x) has at least four roots, f’(x), the derivative of f(z), must have at least
three roots in the interval (0,4) by Rolle’s theorem. 2. Similarly, f”(x), the derivative of
f'(x), must have at least two roots in the interval (0,4). 3. Finally, f"/(z), the derivative
of f”(x), must have at least one root in the interval (0,4).

Step 3: Zeros of g(x) =3ff" + f”

The expression g(x) = 3ff’ + f"” involves the product 3f f" and f"”: 1. 3ff" contributes
zeros at points where either f(z) = 0 or f/(z) = 0. Since f(z) has at least 4 zeros and
f'(x) has at least 3 zeros, their combination provides additional zeros. 2. The term f"(z)
contributes at least 1 zero, as established earlier.

Combining the contributions, the minimum number of zeros of ¢g(z) is the union of these
contributions. After careful analysis, the minimum number of zeros of ¢g(z) is: 5

The number of zeros of higher-order derivatives often depends on the critical points
and turning points of the original function. Carefully analyze the behavior of f(z),
f(x), and f"(z) for zero crossings and changes in sign.

Question 24.
Consider the function f: R — R defined by

fla) =
r) = ——.
V1 + 922
If the composition of
210y
ofofo---o0 r) = ————= (10 times),
f(fofof f) (@) I om? ( )
then the value of v/3a+ 1 is equal to .. ..
Ans. (1024)
Solution.
2f(z) 4z 4z
f(f(x)) = = =

CVI49f(@)? VI+922+9-2222 1+ 922(1 +22)
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- 234
V14 922(1 422 +2%)

FUF(f(2)))

By observation:

220 —1) 2201
— 1492194, ... 218:< _ .
a=1+2"+2"+.. -+ 57T 3

3a+1=2% = 3a + 1 =210

[1024]

¢ Quick Tip

For compositions of functions involving exponents and square roots, observe the
pattern of iteration and identify a geometric progression for simplification.

Question 25.
Let A be a 2 x 2 symmetric matrix such that

1 3
b1
and the determinant of A is 1.
If A=! = @A + I, where I is an identity matrix of order 2 x 2, then o + 3 equals:
Ans. (5)

Solution.
Let

A:[g g]

b b=

at+b=3 btd="T.

From the given condition:

This implies:

Also, the determinant condition gives:
det(A) = ad — b* = 1.
Substituting b = 2 (from b +d = 7 and a + b = 3), we find:
a=1, d=5.

-1

33
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The inverse of A is:
-1

- detl(A) {—52 _12] -

Assuming A~1 = oA + BI, we equate:

5

From the entries, we solve:

el il ]

a+pf=5 2a=-2 = a=-—1.
Substituting o = —1, we find:
f=6
Thus:
a+pf=-14+6=5.
5]
¢ Quick Tip

for unknowns.

For symmetric matrices, use the properties A = AT and determinant conditions
effectively to simplify the calculations. Ensure consistency in substituting values

Question 26.

There are 4 men and 5 women in Group A, and 5 men and 4 women in Group B. If 4
persons are selected from each group, then the number of ways of selecting 4 men and 4

women Is:

Ans. (5626)

Solution.

The problem involves selecting exactly 4 men and 4 women from the given groups. Let
us break the combinations into possible cases:

From Group A

From Group B

Ways of Selection

4 Men (4M)

4 Women (4W)

3 Men (3M), 1 Woman (1W)

3 Women (3W), 1 Man (1M)

2 Men (2M), 2 Women (2W)

2 Men (2M), 2 Women (2W)

1 Man (1M), 3 Women (3W)

1 Woman (1W), 3 Men (3M)

4 Women (4W)

4 Men (4M)

Finally, summing the combinations across all cases, we get:

Total ways = 1 + 400 + 3600 + 1600 + 25 = 5626.
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The total number of ways is | 5626 |.

¢ Quick Tip

For selection problems involving distinct groups, consider all possible distribu-
tions while ensuring the constraints are satisfied, and then add the individual
results.

Question 27.
In a tournament, a team plays 10 matches with probabilities of winning and losing each
match as % and 2, respectively. Let z be the number of matches that the team wins, and
y be the number of matches that the team loses. If the probability P(|z — y| < 2) is p,
then 3%p equals:
Answer: (8288)
Solution:
1 2

POV) =3, PI)=:
Let x be the number of matches the team wins and y be the number of matches the team
loses such that:

r+y=10 and |z—y|<2

Case-I: |z —y| =0

r=y — x+y=10 = x=5y=>5
5 5
10\ /1 2
P(lz —y|=0) = - -
e=it=0-(5) (5) ()

r—y=+x1 = 24+y=10 and y=x+1

Case-II: [z —y| =1

This is not possible for integer values of z,y.

Case-III: |z —y| =2

r—y=1+2 = z4+y=10
Forx—y=2:2=6y=4
Forzr—y=-2:2=4,y=6

o= (306 () () )

OO0 e
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o[ (e ()

3%p = 8288

¢ Quick Tip

To simplify problems involving binomial probabilities, focus on the symmetry of
the distribution and break the problem into mutually exclusive cases based on
constraints like |z — yl.

Question 28.

Consider a triangle AABC having the vertices A(1,2), B(«, 5), and C(v,0), with angles
[ABC = % and /BAC = %ﬂ If the points B and C lie on the line y = x + 4, then
a? +~? is equal to:

Answer: (14)

Solution:

The problem involves calculating the coordinates of points B(«, ) and C(+y,0) such that
B and (' satisfy the geometric constraints provided, specifically:

o /ABC =%
e /BAC = 2?77
e Both points B and C lie on the line y = x + 4.

Step 1: Coordinates of Points B and C
Since B and C' lie on y = = + 4:

=a+4 and d=~v+4

Step 2: Equation for Angles
For /BAC = %”, we calculate the slopes of lines AB and AC"

B_Q—OH_?, SlopeofAC:5_2—7+2

Sl f AB = = _
ope o a—1 o-— y—1 ~v—-1

Using the tangent formula for the angle between two lines:

Slope of AB — Slope of AC'
1 + (Slope of AB)(Slope of AC')

tan (/BAC) =

Substituting tan (%ﬁ) =3

at2  y+2
a—1 v—1 .
14 a2 o+2| V3
a— v—1
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Step 3: Simplification of the Equation
Simplify the numerator and denominator:

at2 942 (a+2)(y-1) - (+2)(a—1)

Numemtor:a_1 o1 (a—1)(v—1)
L ay—a+2y—2—ya+y—2a+?2
B (=1 =1)
= -
=1y -1
o a2 742 (a+2)(v+2)
Denom1nat0r.1+a_1 y—1 1+(0z—1)(’y—1)
_(a=D-D+(@+2)(y+2)
(=1 —=1)

Step 4: Substituting Back
Equating to v/3 and solving for o and =, we find:

Step 5: Calculate o? + ~2

Q242 =22432=44+9=14

9 Quick Tip

When points lie on a given line and angles between lines are provided, always use
slope-based angle formulas and substitute constraints early to simplify calcula-
tions.

Question 29.

Consider a line L passing through the points P(1,2,1) and Q(2,1,—1). If the mirror
image of the point A(2,2,2) in the line L is («a, §,7), then o + 8 + 67 is equal to:
Answer: (6)

Solution:

Step 1: Direction Ratios of the Line L
The direction ratios (D.R.s) of the line L, passing through points P(1,2,1) and Q(2, 1, —1),
are:
DRs=(2-1,1-2-1-1)=(1,-1,-2)
The equation of the line L can be written as:

-1 -2 -1
L = y—l = Z_2 =\ (parameter form).
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Step 2: General Point on the Line L
Let R be a general point on L. Using the parametric form, the coordinates of R are:

R(1+A\2—A1—2))

Step 3: Perpendicular Projection of A(2,2,2) onto L
The vector 1@ from A(2,2,2) to R(14+ X\, 2 — X\ 1—2)) is:

AR = (14X =2,2-2)—2(1-2))—2) = (A—1,—\, -1 — 2))
The direction vector of the line L is:
7 = (17 _17 _2>

The projection of E onto 7 is given by:

Projection = ﬁj 7
SR

Compute the dot product zﬁ . 7:
AR - d = (A= D)(1) + (=N)(=1) + (=1 — 22)(~2)
—A—1)+A+2+4Xx=6)1+1

Compute Hsz
12 =12+ (~1)2+ (-2 =1+1+4=6
The projection vector is:

A1

Projection = . (1,—1,-2)
_(6A+1 6A+1 2(6A+1)
B 6 ' 6 6
(A1 6A+1 12042
B 6 ' 6 6

Step 4: Coordinates of the Mirror Image of A(2,2,2)
The coordinates of the foot of the perpendicular, R, are:
6A +1 6A+ 1

12X 42
R=(1 2 1—
<+ 6 6 6 )

Using the midpoint formula, the coordinates of the mirror image of A(2,2,2) are:
Mirror Image = (2Rm — Ay, 2R, — Ay, 2R, — Az)
Substitute the values to calculate the coordinates of the mirror image. Solving this gives:

(Oz, ﬁa '7) = (O’ 3, 1)
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Step 5: Compute o + 3 + 67

a+B+6y=0+34+6(1)=6

[6]

9 Quick Tip

When dealing with reflection problems, always compute the projection of the
given point onto the line and use symmetry for the reflection coordinates.

Question 29.
Consider a line L passing through the points P(1,2,1) and Q(2,1,—1). If the mirror
image of the point A(2,2,2) in the line L is («a, §,7), then o + 8 + 67 is equal to:

1.4
2.6
3.8
4. 10

Answer: (6)
Solution:

B(a,B.y)

Step 1: Direction Ratios (DR’s) of Line L

The direction ratios (DR’s) of the given line L are:

—1:1:2.

Step 2: DR’s of Line AB

The direction ratios of the line AB are:

a—2:0—-2:7y—2.
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The condition for AB L L is:
(—=D(@=2)+(1)(B-2)+(2)(y—2)=0.

Simplify:
—(@=2)+(B-2)+2(y—-2) =0,
—a+2+-2+2y—-4=0.

Thus:
2y+ B —a=4.

Step 3: Coordinates of Point C

The point C' is the midpoint of AB. Therefore:
a+2 f+2 v+ 2)

02(2’2’2

Step 4: DR’s of Line PC
The direction ratios of the line PC are:
a. =27
2 2 2
Since line L || PC, the ratios of their direction ratios must be equal:
(2)

(e}
2 _
-1
From the first ratio: N
5 = -k — a=-2k.

From the second ratio:
-2
=k = [—-2=2k = [=2k+2.

(5)

2

=

From the third ratio:
% = 2% = v =4k
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Step 5: Substituting into Equation (1)
Substitute o = =2k, § = 2k + 2, and v = 4k into Equation (1):

2(4k) + (2k +2) — (—2k) = 4.

Simplify:
8k + 2k + 2+ 2k = 4,
12k +2 = 4.
Solve for k: |
12k=2 = k=_. (6)

Step 6: Finding «, 3, and v
Using k = # in Equations (3), (4), and (5):

11
ok 9x:—_—
o X6 3,
1 1 7
Ok 4+2=2x-42=-42="
b * XgteTg ey
1 2
Ak —dx ==,
i 6 3

Step 7: Final Calculation

The required value is:

17 2
a+B4+6y=—2+-+6x=.

3 3 3
Simplify:
—-1+7+12 18
a+f+6y=—-——""="1""=6.
3 3
¢ Quick Tip

Always confirm that the midpoint lies on the given line when solving mirror im-
age problems, as it ensures the perpendicular bisector condition is satisfied.

Question 30.
Let y = y(x) be the solution of the differential equation (z + 1y + 2)? dz = dy, y(0) = —2.
Let the maximum and minimum values of the function y = y(z) in [O, E} be o and f3,
respectively. If:

(Ba+7m)2+p2=~7+6V3,~,0 € Z,

then v+ 4 equals .. ..
Answer: (31)
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Solution:

Question 30.
Let y = y(z) be the solution of the differential equation (z +y + 2)? dx = dy, y(0) = —2.
Let the maximum and minimum values of the function y = y(x) in [0, %} be o and f3,
respectively. If:

Ba+m)?+B32=~+0V3,7,0€Z,

then v+ § equals .. ..
Answer: (31)
Solution:

Step 1: Solve the differential equation
The given differential equation is:

(z +y+2)*de = dy.

Let: J p
v=r+y+2 = 1+ 2=
dr  dx
From the equation:
g2
— = ve.
dx

Separating variables:

d
/—U—/dx.
1 4 02

Step 2: Integrate both sides
The left-hand side becomes:

The right-hand side gives:

Thus, the solution is:

tan t(z +y+2) =z +C.
Step 3: Apply initial condition
Given y(0) = —2, substitute into the equation:

tan 10 -2+2)=0+C = C=0.
Hence, the equation becomes:
tan" (2 4+ y +2) = z.

Rewriting:
r+y+2=tan(zr) = y=tan(z) —x — 2.
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Step 4: Find maximum and minimum values of y
The function is:

f(z) =tan(z) —z —2,x € [O, a :

f(z) = sec?(z) — 1 = tan?(z).
Since f'(z) > 01in (0,%), f(z) is strictly increasing.

- Minimum value:

fmin = f(0) =tan(0) —0—2= -2 = = -2.

fras = 1 (5) =tan (5) = 5 -2
m

fmaX:\/g—g—Q — a=V3-3-2

- Maximum value:

Step 5: Compute v+ 9
Substitute o and 3 into:
(Ba+7)2 + 52 = v + V3.

-B=-2 = f=4-a=V3-2-2 = 3a+7=3V3-71—-6+71=3V/3-0.

(Ba+7)% + 52 = (3V3 — 6)% + 4.
=927 —36V3+36+4=67— 36V3.

Thus:
vy=67,0=-36 = v+ =31
9 Quick Tip

When solving for extrema in a given range, always check the function’s behavior
at endpoints and use its derivative for monotonicity.

Physics

Question 31.
The translational degrees of freedom (f;) and rotational degrees of freedom (f,) of CHy
molecule are:

1. ff=2and f, =2
2. ft:3andf7n:3
3. fr=3and f, =2
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4. ft:2andfr:3

Answer: (2)
Solution:
The CHy4 molecule is a polyatomic, non-linear molecule. According to the theory of

degrees of freedom:

e The translational degrees of freedom ( f;) for any molecule is always 3, as the molecule
can move in three perpendicular directions in space (along z, y, and z-axes).

e The rotational degrees of freedom (f,) for a non-linear polyatomic molecule is also
3, corresponding to rotations about three perpendicular axes.

Thus, for CHy:
ft = 37 f?‘ = 3.

9 Quick Tip

For any molecule:
e f; = 3 for all types of molecules (monoatomic, diatomic, or polyatomic).

e f, = 2 for linear molecules and f, = 3 for non-linear polyatomic molecules.

Question 32.
A cyclist starts from the point P of a circular ground of radius 2 km and travels along its
circumference to the point S. The displacement of the cyclist is:

P

1. 6km
2. v/8km
3. 4km
4. 8km

Answer: (2)

Solution:

The cyclist starts at P and travels along the circular path to reach S. The diagram shows
that P and S are opposite points on the circle. The displacement is the shortest distance
between P and S, which is the length of the diameter of the circle.
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Displacement = Diameter of the circle = 2R

Given R = 2km, the displacement is:
Displacement = 2R = 2 x 2 = 2v/2km.

Thus:

V8 km

¢ Quick Tip

Displacement is the shortest distance between the initial and final positions. For
opposite points on a circle, it equals the diameter of the circle.

Question 33.

The magnetic moment of a bar magnet is 0.5 Am?. It is suspended in a uniform magnetic
field of 8 x 1072 T. The work done in rotating it from its most stable to most unstable
position is:

1. 16 x 10727
2. 8x1072)

3.4%x1072)

4. Zero

Answer: (2)
Solution:
The potential energy of a magnetic dipole in a uniform magnetic field is given by:

U=—-mBcosf

where:
e m: Magnetic moment of the bar magnet.
e B: Magnetic field strength.
e 0: Angle between the magnetic moment and the field direction.

At stable equilibrium:
Ugtable = —mB cos0° = —mB
At unstable equilibrium:
Uinstable = —mB cos 180° = +mB

The work done (W) in rotating the magnet from its stable to unstable position is the
change in potential energy (AU):

W =AU = Uunstable — Ustable
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W =mB — (—mB) = 2mB
Substitute the given values m = 0.5 Am? and B = 8 x 1072 T:

W=2x05x8x10"2=8x10"2J.

9 Quick Tip

The work done in rotating a magnetic dipole in a uniform magnetic field is equal
to the difference in its potential energy between the two positions.

Question 34.
Which of the diode circuits shows correct biasing used for the measurement of dynamic

resistance of p-n junction diode:

G L 1

R

(4) =

Answer: (2)

Solution:

To measure the dynamic resistance of a p-n junction diode, the diode must be forward-
biased. Forward biasing ensures current flows through the diode and the dynamic resis-
tance can be determined as the small-signal resistance around the operating point.

In Diagram 2:

V =5V, R limits the current, and the diode is forward-biased.

Thus, Diagram 2 correctly provides the required forward biasing.
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9 Quick Tip

For measuring the dynamic resistance of a diode, ensure the diode is forward-
biased. In forward bias, a small incremental voltage change corresponds to a cur-
rent change, allowing resistance calculation.

Question 35.
Arrange the following in the ascending order of wavelength:

1. Gamma rays (A1)
2. X-rays (A2)
3. Infrared waves (\3)
4. Microwaves (\4)
Choose the most appropriate answer from the options given below:
1. M < A3 < o< N
2.0 <Ao< A3 < A\
3. < A< A3 < N\
4. Ao < A1 < Mg < A3

Answer: (3)
Solution:
Electromagnetic waves are arranged in increasing order of wavelength as:

Gamma rays(A;) < X-rays(A2) < Infrared waves(A3) < Microwaves(\g).
This ordering is based on their respective wavelengths:

Wavelength increases from gamma rays to microwaves.

9 Quick Tip

In the electromagnetic spectrum, as the frequency decreases, the wavelength in-
creases. Gamma rays have the shortest wavelength, while microwaves have the
longest among the options provided.

Question 36.
Identify the logic gate given in the circuit:
A
Y

(1) NAND - gate (2) OR - gate (3) AND gate (4) NOR gate
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Answer: (2)
Solution:
From the given circuit, the output Y can be represented as:

Y=A-B
Using De-Morgan’s law:
A-B=A+B
Thus, the given circuit represents an OR gate

9 Quick Tip

De-Morgan’s laws are essential in simplifying expressions involving NOT, AND,
and OR operations. These laws help in identifying logic gates from complex cir-
cuits.

Question 37.

The width of one of the two slits in a Young’s double-slit experiment is 4 times that of
the other slit. The ratio of the maximum to the minimum intensity in the interference
pattern is:

1.9:1
2.16:1
3.1:1
4. 4:1

Answer: (1)

Solution:

The intensity of light is proportional to the width of the slit (w). Let the intensities of
the two slits be I1 and Is, where:

L=1, Ih=4I

The minimum intensity in the interference pattern is given by:

Iimin = (\/I_l_\/]_2>2
Lonin = (ﬁ—\/ﬂ>2: (ﬁ—zﬁ)Z:I

The maximum intensity in the interference pattern is given by:

]max=<\/l_1+ 12>2
Lnax = (\/7+ VE)Q - (ﬁ+2\ﬁ)2 — 91
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The ratio of maximum to minimum intensity is:

]max . 91 o
]min I

9:1

9 Quick Tip

In Young’s double-slit experiment, the maximum and minimum intensities de-
pend on the amplitudes of light waves, which are proportional to the square root
of the slit widths.

Question 38.
Correct formula for the height of a satellite from Earth’s surface is:

1. (TQRz!J)l/Q "R
2. (L) g
s (55)"

2 p2 _1/3
4. (Eﬁ?g) +R

Answer: (2)

Solution:

The orbital period T of a satellite is related to its orbital radius r and gravitational
acceleration g by the formula:

T2 _ 4?p3
gR?
Rearranging for r:
T3 B T2gR2
42

Taking the cube root:

T2gR2 1/3
- ()

The height h of the satellite above the Earth’s surface is:

T29R2 1/3
h:r—R:<—4W2 ) - R

Thus, the correct formula for the height of the satellite is:

TQRQg 1/3
() -®

49



Z@I_LEGE JEE Main 2024 April 4 Shift 2 Question Paper with Solution

9 Quick Tip

To calculate t