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Solutions to JEE Main - 4 | JEE - 2024

PHYSICS

SECTION-1
1.(B) g-T=a (vertical block)
T-pug=a (horizontal block)
Add, (@-pg=2a = 08g=2a = a=04g
2.(8) Work, W =Fes=(3i-4])(i—j)=7J
3.(A) To reach at point D. Block has to make complete vertical circle BCD.

In the limiting case V; has to be /5gR for looping the loop (condition for complete circle)

Now applying energy conservation at A & B

1, 5
mgh = =mv = h==R
gn=-5m's 2

If h ZgR’ thenvg > /5gR & block can easily reach to D. But if h <§R, thenvg < /59R block
can not reach to D.

Required condition = h > g R

4.(B)

kx=3mg
5 3mg—2mg _g
2m 2
g
dg = ? = ‘L
5.(B)
P oK,
ZX% +0= 26% [y = constant] M
dt dt
dr Yio /1
% o |dt] v m
dt| (x/¢) sin6
my?
6.(C) ——=Ncos6
R Nsin 6
mg = Nsin©
. v2 SOV
Divide cot6 = —
Rg
Also, cotf = h -
R
v2=gh

v=\/g_h=\/9.8x0.2m/s = v=14m/s
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7-(A) Ei +Wfriction = Ef

MV3 1, 5
= 0 Mg x = +=kx
; MV 2
Vg _ 2 2
= ?—(0.9)(10)(0.4)_50(0.4) = Vi=232

Vo=+232m/s=4.8m/s
8.(D) Let the length of the string be L and the velocity of the particle when it is at the lowest point be v

Conserving energy, mgL (1-cos6) = % mv? = v2 = 2gL(1-cos6)

Therefore, acceleration at the lowest point,

a:%=Zg(1—cose)=Zg{1—§]:(2—\/§)g

g(D) Wair +Wgravity = Ak

2 2
MmVo _m 2 3mvg
= Wy +0=—"-"y o Wy =—
air 2 4 2 0 air 8
10.(C) At the time of leaving contact N = 0
2
mgcos = v — m(2gh)
R R
R
2[+ R(l—cose)}
cosf == = L4
R R
5 vme
On solving the equation, we get cos0=5/6 ; 6 =cos ' (Ej

11.(C) F-2T =6aand T=4x2a
F-16a=6a

= a¢=2£:>a=1m/s2

12.(C) Let the speed of turntable be ®.

/% ./P?
20N 30N
NI Nli

From FBD of blocks We get

(fA)max =HaNa =(0.4)(20) =8N
and  (fg)max =MgNg =(0.9)(30) =27N
Also,  (fa)max = MA®2Ty
8= (2)(0)2)(0.25) = ® =4 rad/sec
So, fg = mBoaer

fg = (3)(4)(0.5) = 24N

(Hence, fg <(fg)max)
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13.(D) From the diagram,

T,—-29g=2a
3g-T;=3a
Solving, we get
a=2m/s?, T, = 24N e

We know that the net force on the pulley must be zero because it is massless
Therefore, T, = 2T, = 48N

14.(B) Net force on the particle,

F :%( B(t)) = ~Awsin (wt)i + Bacos(ot) j
So, at t :ﬁ, E = —Awsin[ 2= |i + Bocos| 2F J°=—£Aoaf—1 Bw |
3o 3 3 2 2
15.(C) This can be understood in two ways:
(1) Instantaneous power due to a force FisP=F.V

Here, V is the instantaneous velocity

Since, F is the force of gravity and hence vertically downward, the dot-product becomes:
P=Fyv,

Let us take the upward direction to be positive

So, in the upward journey, vy, > 0, and hence P <0 (Since Fy <0 always)

And in the downward journey, v, <0 and hence P > 0.

(i) Since gravity is the only force acting, the power delivered by gravity must be equal to the rate
of change of kinetic energy of the particle
So, as in the upward journey, speed is decreasing, power is negative
And in the downward journey, speed is increasing, so power is positive.

Initial condition
12

16.(C)
12 ﬁ
/

Since no friction anywhere & normal forces does no work. We can apply energy conservation between
initial & final condition.
Assuming zero gravitational PE at table level.

(PE)i = (Mhanging )9 (Yem Dhanging ) % ’ [!Ij )

Final condition

_mgl
8

_mgl

Similarly (PE); =-mg (ljz 5

2
(KE); +(PE); =(KE) +(PE),

mgl 1, mgl 3

0 = v=,[-dl
8 2 2 4
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17.(D) F—>a Let mass be m’ —>a
1 TT l <«—N
N— m rp’ a 5
! '
mg m'g
N = ma ...(1)
F =mg ...(11)
m'g-T=m'a ...(111)
T-N = Ma ...(iv)

Solving (i) and (ii)
uN =mg or uma =mg = a:g
9

Adding (i), (iii) and (iv)

m'g:(m+m'+M)g = m'g——g:(m+M)g
u 0 u
m'(u-1) = (m+ M) = =DM
(n-1)
f @3
18.(D) W = j F.ds= j (3%% +2yj) - (dxi +dyj)
i @ 2)
2 3
:J'3x2dx+_|‘2ydy
1 2
=X +[y*]5 = (8-1)+(9-4) =12
19.(B) sz—d—U=—10x+2o
dx

F,=0 = x=2m isequilibrium point
i.e. a=0

= Velocity is max. at x =2m

As x =2m is stable equilibrium point

20.(C) T =Nsin6 and N =mgcos6

T =mgcos6sin® :%sin 20

/ Ncos(90°-8)=Nsinf

T RN
NF

0+
N sin(90°-0)
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SECTION -2
1.(5) Both will show same tension Reading of is=5 N.
2 2
220 P N
2 2
2
(ﬂjv;fgt— = mj v dv=§I t?dt
dt
2 3[2
oV 3% L v _sorv=2ms?
2 2|3
0
R
3.(4) From FBD of the blocks we get a, ) i LN
R=40N and fmax =puR =24N Jise| B | —l’
And for block A, f,. =Maa 4ONY e S 60 NV T
R,
= a=2_emis?
4
Also, for block B, F — f ., =Mga
= F-24=36
= F =60N =15x4N So, n=4
4.(1) Letthe velocity of the block after it has moved down by a distance x be v
Conserving energy,
Loss in gravitational PE = Gain in kinetic energy + Gain in elastic PE
= mgx:imv2+£kx2
2 2
2
L2 2 2mgx—kx®
m
We are given that m=1Kkg k=100 N/m and Xx=0.1m
2
Therefore, V2 2(1)(10)(0.1)l (100)(0.2) 1
= v=1m/s
5.(2) Minimum T will be at top point. From energy conservation
1 . 1
=mV; +mg(2l) ==m(7¢gl
S MVE +mg(2l) = m(7g]) Ve
At top point FBD,
. mVT2
T ‘U’ g = i J7gl
mg
(T + mg) provide centripetal force mVT2 /1

2
= T+mg=mVT

= T=2mg
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1.(A)

2.(A)

3.(D)

4.(D)

5.(C)

6.(A)

7.(8)

CHEMISTRY

SECTION-1
Shimla has lowest atmospheric pressure hence liquid will boil first in this city. Boiling of a liquid takes
place when the vapour pressure becomes equal to the atmospheric pressure.

For curve B, value of PV is constant and for an ideal gas plot of PV vs P is a straight line.

- . .5
If 3/8™ of the air is expelled out then remaining air = 3
In the open vessel volume and pressure are both constant but moles are decreasing.
5

T, = %le = §x300 = 480K =480-273 = 207°C
As per Boyles law
PV = constant
logP = —log V + log (constant)

Vi
o, _ 4 [Muynknown
Munknown V2 MOZ
L
100x150 M nknown
100x 75 32
128
= Munknown =128 V.D. = T = 64
Average speed = SR—T
™

Both N, and CO have same molecular mass.
So, for same average speed, temperature should be same
T =200K =-73°C
(A) Maximum density of CO, in gaseous phase will be at point ‘A’.

Now d=rM_00x4% 0 omiit =0107gm/ce
RT Rx300
or massof gas ~ 44gm

~ Volumeof gas  440cc
(B) Density of liquid CO, at 60 atm (at point B)
At point B only liquid CO, is present, so we find out the density of liquid CO, only at point B.
M = 44 =1gm/cc
VvV 0.044
(© BD represent liquid state.
(D) Z can be greater than 1 at 27°C.

For example at point ‘A’. Z is 1.07, So wrong.
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cl @
Cl | F F
el

8.(C) (1) :>w—{1 :>1
cl | F |\\F

Cl F

sp°d hybridised sp d’
trigonal bipyramidal square pyramidal
(I1)  Bond angle of BF; = BCl; =120°

(111)  Two carbons are sp-hybridized while one is sp* hybridized.

9.B) SF,(u=0) SiF,(u=0)

10.(C) m-character is due to 3dw <— 2p7 back bonding 3d orbital of Si and 2p orbital of N.

11.(D) Bond order of He; — 0.5
0, -»15
C,—>2
NO — 2.5
12.(A) )
I — §¥3

&

CO,>0=C=0

F\@ /F
XeF; —> F/ge\l:

XeFs : Pentagonal planar

@ sp” hybrid ‘s’ atom
13.(B) SO, has pr—pr and pr—dn bond S
O// \\O

pn—dn bond. C,H, has only pmt—pmr bond.

while XeOs, SO?{ have only

14.(C) Assuming that no 2s-2p mixing takes place.

(i) Be, — ols?, 6*1s2, 6252, o* 252 (diamagnetic)

. 2 2 2 2 2 n2p§)( . .

(i) B, = cls®, 6*1s°, 625, 6*2s°, 62p7, o0 (diamagnetic)
T py

9 n2pi n*2p?<

“ n2py’ n*2 ()),’

(iii) C, —>c6l1s?, 6*1s%, 6252, 6* 252, o2p c*ng (paramagnetic)

m2p2 n*2p°
(iv) N, —>c5152, 6*182, 0232, 0*232, chE, p)z(, px, cs*2p(zJ (diamagnetic)
n2py m*2py,
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15.(D)

16.(B)
17.(A)

18.(D)
19.(B)

20.(A)

1.(8)

2.(4)

3.(10)

4.(2)
5.(5)

Electron density between nuclei is increased during formation of BMO in H,.

— (o
BMO is yp +ypg (Linear combination of atomic orbitals) provides constructive interference.
While by destructive interference antibonding MO y 5 —ypg formed.

Refer NCERT
The bond dissociation energy of hydrogen molecule has been found to be (approx.) 436 kJ mol™.

Boiling point of H,O is more than boiling point of HF. Energy of hydrogen bond varies between 10 to
100 kJ mol ™.

600mm 900mmHg
H, N,
2V 3V
3H(9) + N2(9) — 2NH;(9)

0 _ 6002V 0 _900x3V
2= RpT 7 N2 RT
Clearly, H, is the limiting agent.

2700V 400V 2300V \Y/
= N, left = 00 — 00 = 300 and NH; formed = %
RT RT RT
(31£$_Vj RT
= Prowy = —————— =620mm
new 5\/
SECTION -2
Let the number of moles of dihydrogen and dioxygen be 1 and 4.
4

Mole fraction of O, = E

Partial pressure of dioxygen = Mole fraction x Total pressure

_ gxl ~ 0.8 = 8x10tatm

At high pressure Z > 1 i.e., repulsive forces are relatively dominant, so gas is less compressible at high
pressure, a=0.

Charge of electron = 1.6x107°C

Dipole moment of HBr = 1.6x107°°Cxm

Inter-atomic space (distance) = 1A =1x10"%m
Percentage of ionic character in HBr

_ Dipole moment of HBr=x100 1.6x107%

~ inter-atomicdistancexq  1.6x10"19 x10™10

=10739%10%° x100 = 1071 %100 = 0.1x100 = 10%

%100

0O, and CsO, are paramagnetic.

S0;, SF, CS, are molecules with symmetrical shapes and have zero dipole moment.
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1.(C)

2.(C)

3.(D)

4.(C)

5.(B)

6.(A)

MATHEMATICS
SECTION-1
™
2+3
Zaizlox%:ZS : Zhizlox%:%
i

25

(0192 --010) = (2 % 3)5 = (0107 - 010 )1/5 =6 = The required product is = 25 x 5 6 = 625

8r 8r 8r
Tr=——= y : ~= :
4rt 41 (4r +4r +1)—4r (2r2 +1) _(2r)?
8r 1 1
= =2 _
(2r2 —or +1)(2r2 +or +1) (2r2 —or +1) (2r2 +or +1)
1
snzz{l—z—} = S, =2
2n“+2n+1
By the properties of AP and GP
& +ayy =8 +aAy_g = =a,+a,=a+b
and  910s0 = 9Y292n-1 == GpGpi1 =2ab
9 +ay, a +a an +an g a+b a+b
+ + = + —
0:92n 9292n-1 920n41 ab ab
a+a,+...+a 2
Given that, — 2 p_P_

where d be a common difference of an AP.

23, —d)+ pd

Wzg = (2a-d)(p-09)=0 = a=
d

ag & +5d E+5d 11

Now, —= = =—
2

n n+l
The general term isT,, = 2_2 .t 11
B+234+38+...4n® n(n+l) n n+l
s -1 L. n
n+l n+1

Let the two quantities be a and b. Then a, A;, A,, bare in AP.
Again, a, G, G,, b arein GP.

a G,

Also, a, Hq, H,, b arein HP.

La+b _ n(a+b) 2n

ab

(ab) h
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1 1 1 1 1 1 11
= [—

- = _—t— = +—
H, a b H, H, H, a b
A+A

o HirHp _a+b At Re o equation (i) and (ii)]
H{H, ab GG,
GG, A+A;

- =
HiH, H;+H,

7.(A) Since, &, ay, ag,......, &, froman AP.

az—a]_:a4—a3= ...... =a2n—azn_1=d

Let S=a’-a’+a’-a;+....+as, ;—as,

:—d(a1+a.2+ ...... +a2n):—d(2_2n(a1+a2n)j

Also, we know a,, = a; +(2n—1)d
_%n & 8 — 8

2n-1 2n-1
On putting the value of d in equation (i), we get :

”(al—azn)(al+azn) _n 2 2
2n—1 N 2n—1(al _aZ”)

= d —d =

S:

—ay)(ag+ay )+ +(a2n,1 _aZn)(aZn—l +a2n)

()

8.(A) sin{(wlo+w23)7z—%}=sin{(mwz)n—%}=sin(—n—%)=—sin(n+%)=sin%=%
) (1-z)(1+ z)(1+ 22)(1+ 24) . .(1+ zzn) 1- 22n+1j
_ 2 4 2 _ _
9(0) P=(+z)(L+2?)(rezt)..... (1+z j_ T e
10.(C) Given x+%:1 = x2—x+1=0 = x:li—Z\/_?’i = x:l+£/§i,x:1_£/§i = X=-0° Of X=-0.
x20 4 x30 4 x0 = p+1+ 02 =0
11.(B) 2005294 +i2 sin?}.cos?] |
2c0s? %, —i2sin %, .cos %
(2cos ¥ +i sin% § cos % +isin % " (cos ¢ + i sin ¢)" _ cos ng +i sinng
| cos?y —isin?y cos % +isin? 1
12.(A) - Xp = cos(%]+isin[§j

mw .. T
X, = COS—+Iisin—
2 2

_ s ... T
Xy = COS_2+ISm2_2

mwT .. T I ... T
X1XXg.... = | COSZ +isin= c052—2+|sm2—2
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T T .. TT T
=COoS| —+—+.... [+ISIN| —F+—+....
(2 22 j (2 22 j

s T

| 3
+I1SIN| ——
1 L1

=cosm+isinmt=-1

(cos¢9—isin0)4 1 (cos¢9—isin9)4 1

13.(D) =- ==(cos@+isind)=sind—icosd
(sin49+ic056?)5 i° (cos¢9—isin0)5 '( )
.27
14.(B) Given, ozzeI n . i.e., a isnthroots of unity i.e. of equation x" —1=0
Then, x”—1:(x—1)(x—a)(x—a2)...(x—a”‘l)

x" -1

1 =(X—a)(x—a2)...(x—a”_1)

Put x =11, then

11;0_1=(11—a)(11—a2)...(ll—an_l)
.\2 \b
15.(B) Given, z:(ﬁJrlJ +(£_LJ
2 2 2 2

(g rtan ) <[owg -ton ]
=| cos= +isin= | +|cos=—isin=
6 6 6 6
:20055—”:— 3+i0
6
Im(z)=0
16.(A) e —gos0 +isin =e**?[ cos(sing) +isin(sin0) |
So, Re(eeig ) = e[ cos(sino) |
17.(D) We have, |zw|=1

arg(z)—arg(w) =%

= arg(i}z_ = __‘ ><ei/r/Z_i_
w) 2 wo|w |w|
= z:le (D)
||
Now, 7W=—iv_vi|-w {Asf:—iv‘vﬂ,byequation Q)
|wl |w|
2
_ ||W| |Z|: i|w| ||
||
ZW=—i
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18.(A) Given that, z;,z, and z3, z, are two pairs of complex conjugate.

Z,=hand 2, =73

_ 2
= 3 -2,=2 -7 =|1

= 2
23'24223'23=|Z3|

Now, arg (AJ +arg [Z—Zj =arg [
z, Z3

19.(C) Given, |z|=|z|=...=|z|=1 =

L+, +23+....+1

Now, 1772775 n

1 1 1 1

B M

L I I3 Zy

N+ +23+... .+ 7,

U+ +Z3+....+1,

[-.'71+72+73+...+7n=zl+22+23+...+zn]

L+2+23+...+ 27,

L+ +23+...+ 7,

y+2,+23+...+ 12,

=1

L+ +23+...+ 7,

20.(A) Given system of equations are :
Re(zz)zo and [z|=2

Let Z=X+Iy
2

z =x2—y2+2ixy

Also, |z|=2 = {X* +y?* =2

= x2+y2=4

Hence, Re(zz)zo

= x2—y2=0 (i)
|z]=2
= x2+y?=4 ... (i)
Solving (i) and (ii), we get
X 2 2 -2 -2
y | 2 | 2] =21 2

41y

523

[Using equations (i) and (ii)]

[ |2I=l2]]

J [ arg(z)+arg(z;)=arg(z - z,)]
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1.02)

2.(8)

3.(6)

4.(~4)

5.(18)

SECTION -2
Given x* —4x3 +ax? +bx+1=0
Let x, Xy, X3, X4 be the 4 positive roots
X+ X + X3+ Xy
Xp+ Xp + X3+ Xy 1
7 =

AM. =

G.M.

Hence, AM.=G.M. = x=X,=X=X=1 = a=6,b=-4
The two A.P.’s will be 10, 17, 24, . ... and 150, 137, 124

= 10+(n-1)7=150+(n—1)(-13)
= n=38

: [z—BJ 2

Put z=x+iy, we get Re| —— |=—

Z+I 5

X(x=3)+y(y+1) 2

x2+(y+1)2 5

2 a2 ol 2.2 eyt 2
= 3x°+3y° -15x+y—-2=0 or X“+y -5x+—y 3

1
Hence, on comparing, we get : a=-5,b =3 c =5

= (b-c-a)=6

Let Z=a+ib,b=0 wherelImZ=hb

== = 5(x2+y2—3x+y):2(x2+y2+2y+1)

z5=(a+ib)° =a°+5a*(ib)+10a(ib)? +10a2(ib)® +5a(ib)* +(ib)°

Imz° =5a* —10a%b® +b°

Imz® [aT (ajz
Let y=————==5/—| -10| — | +1
[Im(z)1° b b

a 2
Let o =X (say), xeR"

y =5x? —10x +1

=5[ X2~ 2x]+1=5| (x-1)} | -4
Hence, Yy, =—4
Let x be a real root. Equation real and imaginary part
x3 —6x% +5x+2a° =0 ()
and  2x3—2x%—4x=0 (D))
2x(x—-2)(x+1)=0
The given x=0,2 or -1

If x=0 a=0
x=-1 = a’=6 = azi\/g
X=2 = a’=3 = azi\/§

ac{0.6, ~ 6.3, -]

Ya’=0+6+6+3+3=18
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