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Solutions of JEE Advanced-1 | Paper-1 | JEE 2024

PHYSICS

SECTION 1 | MULTIPLE CORRECT ANSWERS TYPE

1.(ABCD) Let the positive X-axis be towards East and the positive Y-axis towards North

Let the velocity of the train be v

Let the initial velocity of the cyclist be v = 47

Let the initial velocity of the train relative to the cyclist be vy

We are given that Vrep = —12i +12

Now, we know from the definition of relative velocity that
Vre1 = Vr = Vel

Therefore, V=V =—12i +12

So, B =V +(-120 +12]) = —12] +16
. . . . (12 (3
Hence, the train’s actual velocity is 20 m/s, in a direction tan E =tan Z West of North

Now, if the cyclist moves towards East, his velocity is v, = 4i
Therefore, the velocity of the train as seen by him now is

Vreg = Vp =Yy = (=120 +16 ) —4i =—16i +16]
The velocity of the train as seen by the cyclistis V- =V — V-

So, it is clear that if he orients his velocity opposite to the train’s actual velocity, their vector
subtraction has the maximum magnitude

2.(AC)(A) P=F_V

ext
Where V is the vel. of point of application
F

e tmg =T & myg=T
= Foy =myg —mg
=(my —my)g

P =(my—my)gv

(B) F,,+mg-T=ma

ext
T-myg=mya

Fopp = (my +my)a+(my —my)g
=my(g+a)—m(g—a)

P =(F,)(0+at)

={my(g+a)—m(g —a);at
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3.(BCD) a=gsinB—-ugcoso
1% —0.5x10x% =2 m/s?
5 5
© F iy =mgsin®—pmgcosO=10N
D) mgsin 0= u(mgcos0+ F)
30=0.5(40+F) = F=20N
4.AB) =  a=-kv

dt

dv ¢ dv :
L e kdu I$=—Z|;dt

=
2
v=0 = t=%=tlmeofmotlon
vdv 0 s
—— =k = [vdv=—k[dx;
dx
VO 0
_s_2v3/2 k Vo

N )

5.(AC) 2a, =3ay (1)

2T

3/2

2v,
A
3k
T
I 2m
INDor

F-2T =ma, . (2 «—a,
3T =2mag - (3)
Fe——m
Solving: a —9—F'
ST

g = 6F P 3F

B 17m’ rel 17m

6.(ABCD) T cos 60° = mg
T sin 60° = me>¢ sin 60°
cos60° = iz ; o= Z_g
a4 l

Time period = 2n =27 Ea = 22n seconds

) 2g

[777777777777777777777777777777777777777777777777777

Velocity v =/sin 60°w =+/24 m/s
a, = o> sin 60° =10~/3 m/s’
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SECTION - 2 | MATCHING LIST TYPE

7‘(D) (1_p’q)a (2_p’ras)a (3_pasat)’ (4_pasat)
a |\7| = const.
|67T| = 0, a= LZR
v ©Lapg = v.r=0
va=0
If |dp|# 0
?2) v is increasing, a = ajzg + a%
v.r=0
v.d >0 as 6<90°
r.a<o
3) v is decreasing, a = alze + a%
v.r=0
v.d <0 as 6<90°
r.a<o
“) v=5-2t
ar = 7‘) = -2 1i.e. speed is decreasing same as (3) above
t
8‘(B) (1_p)’ (2-1'), (3-S), (4_q)
y= \/gx - é x?
4
a for maxima, & =3 —éx =0
dx 2
R 243 43
X=—=—+— R=——
2 5 5
23 6 5(12 3
2 tting x = iny,weget y=H=———|—1|;, H=—
(2)  putting 5 myweeget y 5 4[25j 5
2 2u, 23
3 H=>-"". u? =12 : u, =243 Tz_yzi
5 2g g 5
“@ Uy, =UCOSOL =1,
R=4\/§:2ux(2\/§)’ I/lx—2
5 10
9‘(A) (1_p’ q, t)a (Z_S’ t)a (3-1', S)a (4_p9 S)
1) f=0.52g)=10N
20-1
a= 0-10 =5m/s*
T at midpoint is given by T —5=1 (5)
T=10N
2) Acceleration of rope is zero = Net force is zero
F =mgsin0+umgcosd=20N
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3 F—mgsin0—pmgcosd=ma

Solving a =0
“@ 20—-2a=2a
a=0
Tension at the midpoint
20-1g-T=0; T=10N
10‘(C) (1'p’ q, S)a (2'p’ q)> (3'p> q, 1, t)’ (4'p> t)
AU = _VI/;ons
A(KE ) = Wall forces
AU +A(KE) =Wy, — Weons
= Wnoncons + I/Vext ; Ap =F ext At

SECTION 3 | NUMERICAL VALUE TYPE
1.(1.50) Using the parallelogram law of vector addition,

R = \/Flz + 5 +2FF, cos60° = \/FIZ +F + FF,

Ry =\ + F2 +2F Fy c0s120° =2 + F2 — R F,

2
F F
FR+F2+FEFR, (RY 19 [Flj e 1
Therefore, %:[R_lj = = %=—
B+ - R 2 AL, A
FZ FZ
Now, let i=K
5
2
Therefore, K2+—K+1 = Q = 12K% -26K +12=0
K°-K+1 7
Solving,wegeth%or% FI>F2:K>1.'.K=%=1.5

2.(7.33) Let the acceleration of the ball be @ upwards. Then, the acceleration of the rod will be 2a downwards.
So, w.r.t rod, ball moves up with an acceleration 3a

[2L
t: -
3a

Let, mass of rod = m, then, mass of ball = %m

3 3
T——mo== .. (@
2mg 2ma (1)

mg—§=2ma = 2mg-T=4ma ... (i)

Adding (i) and (ii), we get
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L S 4

11
Therefore, t= Z—L = ZZ—L
58] V38

11

3.(15) Speed just before reaching B is given by energy conservation

mg(5) = %mvz = v=4/2(10)(5) =10 m/s

After collision at B, velocity perpendicular to the incline becomes zero
while velocity along the incline remains unchanged

v =vcos30° = 543 m/s

Velocity upon reaching C can be found by applying energy conservation again.

1 1
mg(7.5) = Emv% —Emvlz

= v =vl+2g(7.5)=75+150=225 .. vy =15 m/s

4.(1.40) For no sliding between B and A mB(Dzr SUypMmpg
= Opax =+/(0.2)(9.8) =1.4 rad/s
For no sliding between 4 and table (m , +mp )cozr Spuyr(my+mp)g

= g =+/(0.45)(9.8) =2.1 rad/s

Maximum @ for no sliding at both contacts is 1.4 rad/s

5.(1.75) We know that  vi,,y = 2(a)(x) = vy =~2ax
Time taken during the first segment, VMAX =, f

Time taken during the second segment, 7, =

VLAY B V2a
v 8x

T, =_M;X = —
5)

7 |x
Total time, T=T+T,+T;=| N2 +—=+2+2 — =
e { J_ j\/a 2 \a

2
. . . v
Distance travelled during the third segment, X; = —MAX_ _ 9y

?3)

Time taken during the third segment,

Total distance, X =x+x+2x=4x
Total dist X _4
Therefore, Vv = _ lotal distance _ m
Total time T
So, Yuax _ 7 _q 75
VavG

Code A | JEE-2024 5 JEE Advanced-1 | Paper-1|Solutions



Vidyamandir Classes: Innovating For Your Success

6.(0.33) Let o be the mass per unit area (it will be same for the shell and the plate)

m; = 6(2nR*), m, = o(nR?) o
. m
To find the CM, we can replace the hemispherical shell and the circular I R '
€ IR

plate by point mass located at their CM as shown.

CM of the system from C :
_my(R/2)+my(0) _ o(2nR*)(R/2) _R_ a3
ml + mz G3TCR2 3 ’

X
7.(3.46) y=xtan0| 1——
( ) ¥y =xtan ( Rj

Here x=3m, R=3+6=9m, tan9=\/§=1.73

h =23 =3.46m
8.(34.64)
F F »
4 sl B ’ ealll ¢
t; 0 Sy trz 5 S, v'= 0

From A(t=0) to B(t=6)

a=t=1 1075 25 s?
m

5 = %atz = %(5)(36) =90m

Velocity at B =at =5(6) =30 m/s
After B, the direction of F'is reversed.

As velocity is in forward direction, friction acts backwards till block comes to instantaneous rest at C.
From Bto C

az(F—_f)z—(m+5)=—15 m/s?
m

u=30m/s

v =u? +2as,

0=(30)*> +2(-15)s, = s, =30m
While returning from C to A, F acts towards left but friction acts towards right (as velocity is towards
left)

§=—(s)+5,)=—120m
__E=D s
m
v2 =u? +2as = 0+2(-120)(=5)
V2 =1200 = v =203 =20(1.732) =34.64 m/s
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CHEMISTRY

SECTION 1 | MULTIPLE CORRECT ANSWERS TYPE
1.(ABCD)
For reversible isothermal expansion T is constant hence, PV = Constant,
During isothermal expansion entropy increases.
w=—-[nRTInV,—nRTIn V]
2.(AB) HBr is less polar than HF
Order of dipole moment is H,S < HF <H,0
CuCl is more covalent than NaCl
3.(ABC)
F is most electronegative elements and Cl has maximum value of electron affinity. Cl can expand
octet due to the presence of vacant d orbitals. Both HOF and HOCI are acidic compounds.
4.(ACD)
For mixing of two ideal gases at constant T and P, AU . and AH,; are zero. During mixing,
entropy of system increase while q,,;, =0.

5.A) If An,=0 then there is no effect of change in pressure on equilibrium state.
6.(CD) Given reaction is spontaneous when T > A_S

61.17x10°
>—
132

T T>463.4K

SECTION - 2 | MATCHING LIST TYPE

7.D) (1) ClFKs, BI‘F‘:r , IFg all have same oxidation state (+5)

U . o -
XGRS N7
YA - Br O I

| N

F F
(square pyramidal) (sce-saw ) (distored octahedral )

All have one lone pair of electrons each; but different shapes ; p# 0 so polar.

F

Q) CIE;, Ber+ , ICl all have same oxidation state (+3)

QO 1Q0 T T1Q0 T

QA3) XeF, = +2; ICl, = +1I5 = +1; F_)és_ F; Cl_é_ Cl I— 1 —1
All have three lone pairs each and same shape but different oxidation state. In all p=0; so
non-polar

) CIOF;, CIE;r , IO,F, all have same oxidation number (+5)

Code A | JEE-2024 7 JEE Advanced-1 | Paper-1|Solutions



Vidyamandir Classes: Innovating For Your Success

F\r F\Cr] ' O\\T B

» Vi ®, P 1@ //1 O]
i ‘ e
0] F 0] F
see-saw See-Saw See-SaW
Inall p # 0, so all polar
8..A) () For isoelectronic species, the ionic size decreases with increase in nuclear charge. Hydration
oc charge on anion and heavier hydrated ions move slowly. So, it is not correct order.
2) Heavier hydrated ions move slowly. Number of atomic shells increases, ionic size increases.
3) Correct order; as Cl has less inter electronic repulsions than F due to bigger size of 3p-
subshell.
) Oxidation state increases, the electronegativity increase. For isoelectronic species, ionisation

energy and electron affinity increases with increasing nuclear charge.
9.B) (1) 6—>3 An=3

364D _

Number of lines =
All lines are in infrared region.
2) 7—>3 An=4

444D _ o

Number of line =

All lines are in infrared region.
A3 552 An=3

All lines are in visible region.
“) 6—>2 An=4

All lines are in visible region.
10.C) (1)  CO,(g)+C(s) —> 2CO(g) AH® = 2(-220) - (-394) and A, S’ >0
= AG’<0and AH'-AU’=AU"= An,RT = (2-DRT >0
@ SOy Cly(g) —> SO,(g)+Cly(g) AS>0
and A;H-A,U-An,RT = (2-1)RT >0
(@)  CO(g)+Cl(g) —> COCly(g)  AS<0and A H-AU=(2-1)RT<0
@  Clig) —> 2CI(g) AS>0and AH-AH-AU = (2-1)RT >0

SECTION 3 | NUMERICAL VALUE TYPE

1.(3061.83)
Ha(g) — 2H(g) . E=4358k]
2H(g) >2H (g)+2¢~ : E=2x(2.18x107") x 6.023 x10%* x107 kJ = 2626.028 kJ

Total energy required = 435.8 + 2626.028 = 3061.828 = 3061.83 kJ
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2.(935) A H =394 — (-581) = 187 kJ
AS® = (210 +52)— (56 +6) =200 J = 0.2 kJ
The reduction of cassiterite by coke is spontaneous at T greater than T,

switch
Towien = AH’/ A,S°=935K
3.(3890)
738 + 1450

148 H
Mgw —_— Mgm S, Mg(g)

}ﬂ) MgO (——‘
X

0 (g ——> Oy, ———> O,
498 & 141 + 844 g
2
498

—602 =148+ 73841450 - X+T—l4l+844 = x=3890kJ/mol

[z] _ 0.950
[x]x[y] 1.20x2.10

4.(0.38) K, = =0.3769 = 0.38

5.(75) Mol of CaCl, = Mol of CaCO; = Mol of CaO = 05566 =0.01

Mass of CaCl,=0.01 x 111 =1.11
Mass of NaCl1=4.44 - 1.11=3.33

% of NaCl = % x100=75

6.(15.66)
Calculated dipole moment = 2.88 x 10 Cm

Observed dipole moment = 1.35 x 3.34 x 103 Cm=4.509% 107" Cm
509

% 1onic character =

x 10=15.65625 = 15.66

7.(3.44)
PIxVI P2xV2 — V2_P1><V1><T2_650><5.50><283
T1 T2 P2xT1 980x300

=3.44

8.80) CuS —— Cu** + SO, Cu,S —— Cu*™ + SO0,
nf.=6 nf.=8
x mol y mol
(ed)cus +(ed)cu,s + (€ 2+ = )MnO4

(eq
1x1x200 4x5%x400
xx6)+(yx8)+
( )(Y)(IOOOJ( 1000 j
6x+8y =0.6 3x+4y=03 6)]
96x +160y =10 9.6x+16y=1 ... (ii)
By solving equation (i) and (ii)

=
=

i><96
12

X=—’y=8—; %CuSQxlOOE@O%
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MATHEMATICS
SECTION 1 | MULTIPLE CORRECT ANSWERS TYPE

1.(ABC) sin? x + 2sin x + % >2
. 1
sinx =2 ——
2

2.(ABD)  a<p = L<1,limit=0
p

a ..
a>p,—>1, limit »> o
p
a=p,1=0

2 b mx+n
.| ax®+bx+c _
lim [—J = elb=m/p

x=o\ px“ +qgx+r

3.(ABC) f(07)=f(0") =>Ar=1

A

ol >

b c 1-2a 1-2b 1-2c

4(ACD) (A) —2 . , arein HP. < , , are in A.P.
1-2a 1-2b 1-2¢ a b c
111 , .
& —,—,— arein A.P. < a, b, carein HP.
a b c
(B) a—é,é,c—é are in G.P. < In a—é ,Iné,ln c—é are in A.P.
22 2 2 2 2
o L1l cinar o e ", ¢ arein G.P.
a b c
5.AC) (x+a)(x+1991)+1=0
= (x+a)(x+1991)=—1 = (x+a)=1and x+1991=-1

= a=1993 or x+a=-1land x+1991=1 = a=1989

6.(AB) - sin (= S8 ACOSB 1 A-B)>1
sin 4sin B

= cos(A-B)=1 = A-B=0 = A=B
l—coszA_

— 1 = C=90°
sin” A4

sin C =
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SECTION - 2 | MATCHING LIST TYPE
7.A) (P) cot x < 0 = —cot x = cotx + cosec x

= 2cosx+1=0 = x:T,—

But cot 4n >0
3
(Note: cotx >0 is not possible)

Hence, x= 2—; only satisfies above equation.
(Q)  The curves y=n|sinx| and y =m|cos x| intersect at 4 points in [0, 2n].
R) The given equation is valid if 197){ is an integer.

T

100w 1107
= x=

x=10m,
9

Hence, only one solution

\/5—1 \/§+1
+ =2

Zﬁsinx Zx/fcosx -

®)

LT T . .
Sin —co0s X + cos —sin x = sin 2x
12 12

sin 2x = sin x+l 2x:x+lor2x:n— x-s—l
12 12 12
T 1ln b4 1ln
x=—or3x=— .. X=—or —
12 12 12 36

Therefore, kis 12

8.C) () cos( psinx) =sin(pcosx)= cos(g — pcos x)

. i . T
= psmx:E—pcosx:p(smx+cosx):5
sinx + cos x = —— < /2 :@2 2
2p s
(2) 9333 cos2x+4sin2x
3cos2x + 4Si1’1 2% >-5 . 33 cos 2x+4sin2x > 375 . 36 33005 2x+4sin2x >3
3 tan40° + tan10°+ tan10°
_ sin40°co0s10° +cos40°sin10°  sin10° 1 sin10°  1+cos80° cot40°
cos10°cos40° cos10° cos10° cosl0° sin80°
k=1 10-4=9
“) Both roots of x> +5x+1=0 are negative
A<0
(1 1
tan (—j =cot” (A)-m
A
tan71k+cot71k—n:—zzkn k:—l £+5:
2 2 k
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9.A) (1) > (P, g8, 1), (2) > (@, B) = (.. 5), (D = (p,9)
(1) £(x)=sin® 2x -2 sin® x = 2 sin® x cos 2x

Function is even, hence many one, function is also periodic.

2
f(x)=(-cos 2x)cos 2x =%—(cos 2x —%)

Range of function is {—2, %}

2 S (x)=4x
3) f(x)=4/In (cos (sin x))
In (cos(sin x)) >0 = cos (sin x) =1
= f(x)=0
- 211
@  f()=tan”! {x’z‘ " ﬁ]

f(x) is even and hence many one.

. lmom
Rangeis | —,—|.
y {6 4)

10.(A) (1) > (@), @) > (), B) > (@, 4) = ()
(1) a, b, carein A.P.
b—a=c-b
b—a,c—b,a arein G.P.
c—b
b-—a c-
a, x, b are in A.P.
a+b

X =

2
a, y, z, b are in G.P.

2/3,1/3 1/3,.2/3
yv=a""b",z=a"b

3) a,b=ar,c=ar’
If c>4b-3a
P —4r+3>0 (a>0)
(r=-3)(r-1)>0

@)  7x*-8x+9<0

A=7>0,D=64-252<0
No solution.

= c—-b=a (-b-a=c-b)

@

SECTION 3 | NUMERICAL VALUE TYPE

2 A
1.(2015) Let ile = —9:A = iz—
2" 2" 22
siné
= tan (%)sec(%) = tané -secAd = A—2
2 2 2 cos—.cos A4
2
. A
s1n(A—2j sin A.cosé—cosAsiné y
= = 2 =tan 4 — tan >

A
cos—-cos 4 cosécosA
2 2
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= tan%-seci=[tanni—tani)

2]’1*1 2 -1 2]’!
2015 2015
Ztanisec%: Z tan(il]—tani
n=l1 2n 2n n=1 2” 2”
B 0 0 0 0 0 0 0 0
=tan 2—0 —tan ? + tan ? — tan 2—2 + tan 2—2 — tan 2—3 +...+tan W —tan ZZT
0 0
=tan| —- |—tan| — = a=0&b=2015 = a+b=2015.
2 2
2.(1.27) Lgin30= ﬂsin[gj —sin® 0 —3sin’® 9—9sin3 [QJ
4 4 9 3 9
. 1 . T . 3n T T
= sin30 = — = sin— or sin— = 0=—or—
NG 4 4 12 4
tan1 = 2—\/§ or tanE =1 tan£+tanE = 3—\/3
12 4 12 4
r(r+1)(2r+1)
3.(0.67) T.= - 6 . =2r+1>< 4 =z 2r+1
ro(r+1) 6 r(r+1) 3 r(r+l)
4
p22fr
3l r r+l
Sn=—711+T2—T3+T4 .....
EEERE © s o timgs, 2
3112 2 3 3 4 4 n—>m 3 n—»m 3
1
4.0.50) ¢/ =10FF 10, 10)
10—
10+ x
x)=1lo
J(x) g(m—x)
10+ 200x 5
2
( 200x j:k’ 100+ | _ 100l 1010+%) :210g(10+x):2f(x)
100 + x> 10— 200x 10(10—x) 10—x
100 + x*
1 200x 1
xX)=— =>k=—=05
S 2f(100+x2) 2

5.(43) Since f(x) has its domain as R
a-3=0 = a=3

F) ==

x* +4

=Y

bx=x’y+4y = x’y-bx+4y=0
x is real

D=0
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=16y >0 = (4y—-b)(4y+b)<0 4
~b b '
—,—|=[-8,8 8
ye{ 2 4} [-8, 8]
é=8 = b=32
4
32x
X) =
1 x?+4 - :
2 o ) < * ; >
f(x) =32 (x +42)1 ;ch :32(24 x2) 5
(x"+4) (x“+4)
x>0 = xe(-2,2) = [T
f'(0)<0 = xe(o,-2)U2,x) = f(x
Slope of the tangent at origin : g
@ =32x[ij=8 '
dxx=0 16 v

Now, equation f(x) = mx gives three solutions is m € (0, 8)
a+b+p+qg=3+32+0+8=143
6.(5.67)a=3,b=12,c=9

2
x3
X2 x—

x(a—b+c)+)c2 (a+l2)—c)+x3 (a_b+cj+ .....
= lim

x—0 x3

a—b+c=0 a+§—c=0

Z_ 242290 Solving we get a=3,b=12, ¢=9
2 32
7.20) ¢!
) sinx
Limit :lim(l—x_smx s
x—0 X

Code A | JEE-2024 14 JEE Advanced-1 | Paper-1|Solutions



Vidyamandir Classes: Innovating For Your Success

sin x

X

x—sinx i sin x
-1 -1 Vx>0 x
=lim<|1+—-— =< lim | 1+—
x—0 ( X j y—0 y
x—sinx
{putting - :y—)ooasx—)O}
xX—sinx

=(e_1)1=e_1 .
8.(12) Let f(x)=x>+2(p-3)x+9

Since roots lies in (-6, 1), so we should have following conditions.

-6 g p Ier 2 —6 x = a.f 2

@) D>0 = 4(p-3)*-3620
= p(p—6)20

=  p<O0orp>6 (1)
(i)  f(=6)>0 =  p< 2747 Q)
i)  f(1)>0 =  p>-2 .. (3)
(iv) —6<°‘T+B<1 =  2<p<9 (&)

From (i), (ii), (iii) & (iv),
2
Weget 6 p< 77
integral value of 'p'=6

Since 2, g1, 87,835--&17> 13> 19> 0> 0 are in G.P.
84817 =2%x6=12
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