JEE Main Exercise

Elasticity

1. (B)

o
5 (e x)(F)

= AIZZI

2. ©
Slope =5=¥:>Slope oc A

Slope is least for wire A. So, wire A will be thinnest.

3. (A)

al=FL
AY

Slope = A _ (4-1)x10 |
P =~ 80_20 dx
L:ixlo_4
AY 20 X ‘

1 =i><10_4 l

10°% 20

= Y =2x10" N/m?

4. (B)
A F

T AY

Bl

5. ©)
Let natural length be I.
F =kx

= T =k(L-1) (1)
and T, =k(l, 1) (i)
Dividing Eq. (i) by Eq. (ii), we get
| = 1T — 15Ty
T,-T
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10.

11.

12.

(A)
Breaking stress depends only on the material of wire.

(©)

T 2mm,g _ 4mg

m +m, 3

=S=

Breaking stress = T
A 7'[|’2 3nS

(©)

ET ,, ....... owmvors s proveoel ovmmmenss
| )
.
9

X

2,2 2
Strain =£|:M= 1+X_ -1
[ 21 12

X2

=1+-—-1 x <<
7 frs<t)
_x

212

N~

(D)
2co0s0=w

W wy/12 + x?

T 20050 2x

T W\/I2 +x? wi

Stress=— = = {x<<l}
A 2XA 2XA

(A)
AL=TE_ 500x0.04 —0.156x1072 m

An (4x16x1074)(2x10°)
=0.156 cm

(D)

Bulk strain = ﬂ = 3(A—Ij = 3(ij =0.06
\Y | 100

(B)

B =P

pgh  10°x10x200

= B= =
(100
100

V)
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13.

14.

15.

16.

17.

18.

= 2x10° N/m?

(B)
d

p=pop” :>d—5—poe ()
_ dp _ aV _
B—m—V(poe (X,)—(X,pv

V
(D)
B Ap AV Ap

- = ="
(AV) v B

Y
= aT=P S aT=P
B By

(©)

Steel has the highest value of modulus of elasticity among the given materials.

(A)

. _ Lateral strain  0.01x107°
Longitudinal strain = =

c 04
=25x107°
Longitudinal stress = 100 _ a0 N/m?
A~ 0.025
3
Y :Loszl.ﬁxlos Nm™
25x10
(A)
AV Al -3\ _ -2
5 =-20)= =(1-2(0.2))(4x107%) =0.24x10
AV

Txloo (0.24><1O_2 ) x100=0.24%

(©)
F

Gy =0y =0, =—

A

(e}
In x-direction, Strain :&—c e 4 —0(2]
Y Y Y

Al F
1-2
T a2

F
Al=——(1-2
= AY( G)
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19. (A
Energy per unit volume

2
= 1Y (Strain)2 = 1>< 2x1010 x[@j
2 2 100
=3600Jm~
20. (D)
Oc=—=—F > 0xXx—=>>—==|-%
A 7'[['2 r2 62 I’l
(Stress.)2 9
U= =Uxoc
2Y

21, (B)
(2A)Yeq AY, AY
Kog = kg +ky = =1, 2
eq = K1 +Kp A
Y, +Y.
= Yy =—+—2
eq 5
2. (D)

For no change in the lengths of individual rods, the compressive forces in both rods due to thermal
expansion should be equal. So,

A oY
A oYy

23.  (B)
F

E_ Stress ~ E- A

~ Strain (ZnR —2nr j

27r
— F—AE (Ej
r

Surface Tension
24. (D)
For equilibrium of wire ab,
2Tl =mg
2Tl _ 2x25x10°x0.1
g 10

=0.5¢
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25.

26.

217.

(B)
Fy, =T x Projected length

Net force =T;R-T,R
=(T,—T,)R in +y-direction

A
Fy= T«‘R

(D)

Lets take an elements of angular width d6 on the thread.

T

Soap film

..... 25(Rd6)

Force on the element due to surface tension
=2S (Rd 9)
For equilibrium of element,

2T sin (d;j =2SRd0

2T ((%eJ=ZSRd9 = T =28R

(B)

Let radius of single large drop be R.

For volume conservation, 2(% nr3j = gnRs

= R=2"r
Uy =T (4nr®)x2

U, =T (47R)
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28.

29.

30.

31.

(B)

arfoldf] vl

W =AU =U, -U, =61d?S

(D)
W =T(4nr2 ><2)

2
1/3 1/3
=T|4n [ﬂj x 2 -.-vzfnr3:>r:(ﬂ)
4r 3 4r

= W23

2/3
W, (Vv W (v jm
=+ — | X = = —
W, V, W, \2v
= W, =2?"w =¥4w

(B)

) 4 4
From volume conservation, §TER3 = n(g nr?’j

R

r]1/3

U =T (4nR?)

= =

n1/3

W =AU =U, -U; =(n"* -1)T (4nR?)

Up =T (422 ) = n4aT (ijz =1 (47R?)

(A)
U :T(8nr2)

p :d_U:T(sn)(zrﬁj
dt dt

= Par {% is constants}

So, P versus r graph will be straight line passing through origin.
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32.

33.

34.

35.

36.

37.

(©)

Air bubble inside water has only one free surface.

. 2T
So, excess pressure will be —.
r

2T
p:(p0+ghd)+T

(A)

Pressure difference on two sides of a curved surface is inversely proportional to the radius of curvature.

(D)

3 =
ssas’
‘;::7

2T
po+Pgh—T= Po
2T 2x70

= =28.0cm
pgr 1x1000x0.005

= h=

(D)
he 2T cos6
PYefr R
Fore freely falling elevator, g =0 = h— o
So, capillary will be completely filled with water.

(B)
I_|:2Tcose N Hoci

pgR R
So, when radius is double, H will be halved.
M’:p{n(ZR)2 [%ﬂ and M :p(nRZH)
M =2 = M'=2M
(D)

T (2nr)cos®=w

= Circumference =2nr =
T cosO

4
__ 07 55.102m

 6x102cos0°
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38. (A)
For equilibrium of water column,
T (2nr)cos®+T (2nr)cos6 =mg

T(2nr)
\% >9/

T(2mr)

= T(4nr)cosO°=(PT€r2|—)g = 0=
par
39.
40. (C)
Y Fy, =0=B+T(2nr)cos0 = Wy,
Viscosity
41. (A)
2 (o)r’g
VT -
9 n
2
10°x(0.3x10%) x9.8
= VT ==X -5
9 1.8x10
=10.9m/s
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42.

43.

44,

45.

46.

o,
:>csoc—3:>—1—23
= o, =80

2 or’g
VT:—
9 n

2
LV _ (o) n
Vo (8o )\ /1
= V, =2V
(©)
mg — B —6mnrv=ma

So, a versus v graph will straight line with negative slope.
Hence, option (C) in incorrect.

(B)

From volume conservation,
Z(Enr?’j =ﬂ7tR3
3 3
= R=()"r
V. ¢ ? v ro)?
VTOCr2:>—1= 1 :_:[Wj
Vo R Vo \27°r

= v, =43y

(D)
dv dv
2nA— =mg = 2nA— = (pAd
A =My = 2nA - (pAd)g
dv _ pdg
dx 2n

(©)

Lets take an elemental ring of radius r and thickness dr on the disc.
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dv or-0
F=nA—=dF =n(2nrdr
1 dx T]( & )( t j

Idrz In(andr)(wTrJr

= tocR?
47.  (C)
R, = P _1XBx2_ 1599
n 0.01
48.  (B)
2(c—p)rig
Vp=——F——
9
2(10.5-1.5)(0.2)x980

n
= n=9.8poise

Numerical Value Answer

Elasticity
49.  (200)

F=cA= G(ant)
—3.45x108 (2><3.14><O.73><10_2 ><1.24><10_2) — 200 kN

50. (8)
2 2
Ko (nr )Y jﬁz i =1
L k, | 4
Al + Al, =10 mm (1)
Al k .
kAl = koAl = —L =-2-4 ..(ii
18k =KpAl A, K (ii)
Solving Egs. (i) and (ii), we get
Aly =8 mm
51.  (1025)

Consider 1m? of water at the surface. Let us calculate change in volume AV of this water when it is
at a pressure of 501 atm.

Ap)V ~1x10°
AV:( p)V _(501 1><18 X1 _ 4005 m?3
B 2x10
New density = — 1000 _ 4095 kgm™

V_AV 1-0025
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52.

53.

(3)

G:I: m(g+a)
A A
Strain :g:—m(g +a)
Y AY
_ 10(10+2) _3%10°°
2x107% x2x10"
4)

AY
F= (TjAI = Force constant = %

-7
mzﬁz [AY _ [49x10TY ) ),
m ml 0.1x1

— Y =4x10° Nm™2

Surface Tension

54,

55.

56.

(4)
Ap AV _Ap _ 3AR _ 2T

B:— —:—:> [ —
(AV] V. B R BR
Vv
:AR=£=LO75S=4X10‘1°m=4A
3B  3x1.25x10
(450)
h_2Tcos(9
pgR
2T cos0°
= 3=

1.5x1000x 0.25x107*
= T =56.25 dyne/cm
_ AT 4x56.25

r

Ap =450 dyne / cm?

©)

For an isothermal situation,
PAVa + PeVE = PV

- (T o 47
(o)

= P (gna3+%nb3—gnc3j+%(4na2 +4nmtb? —4n02)=0

= pOV+(%]S=0 = 3p0V+4TS:O
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So, A=3

57, (2.4)
2T
p=Pg+pgh +H

=105+103x10><6+&'076=2x105 Pa
3.5x10™
oM b _ B
RT  py P
12 10°
= = 5
po  2x10
_ 3
= p2_2.4kg/m
58. (9)
" o 47
Initial pressure inside bubble = p, + —
r
Final pressure inside bubble = p +i
new (r/2)
For isothermal condition,
pVL = PaVs
= p+ﬂ 2 rd o p +8—Tﬂn£3
T r A3 new T )37 2
24T s 24x0.08
= =8py +—— =8x10
Prew =EPo T 1.92x10°
=9x10° N/m?
Viscosity
59. (20.4)
2
—p)r
VT :ng 29h
9
2
4 103 -4
2 (10*-10%)(1x107*) (9.8)
= = 21/2><9.8h
9 9.8x107°
= h=204m
60. (9)

F, = Viscous force on upper surface
dv v-0 Av
=nNA—=nA| — [=2n—
arvan [d/Zj i
2nAv

F, = viscous force on lower surface =

4nAv

Fxt =R +F =
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61.

62.

4(150x1071)(0.1)* (3x1072)

= =9N
2x1073
(50)
In fluid frame, ball is moving with constant velocity and resultant of all forces acting on it is zero.
2(p-o)rig
Vp=—r———
9
~ 2(1000-100)(0.05)* (10)
9 0.1
=50m/s
(5)

Rate of production of heat = P = Fvy =(6mnrVy )vy
P o rvT2

Pocr® - {VT oc rz}
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1.

(D)
@ Y. x(AL,/L;)=Y, x(AL,/Ly)

-3
—  1x10"M x 1x10 :2x|o“x(é£s_J
| 0.5

0.5x107
AL, = —XT— =0.25 mm

Therefore, total extension of the composite wire
= AL, +ALg = Imm+0.25m=1.25m

©) .

(c) According to questions,

EE _Es'—:b,—yi=ﬂ,£f;s'

é’b ’ I ¥b afb
F¢ F
f=—— = A = —
AS, ¥ AAS Ay
Img/, )
A, = —— ["F, =(M+2M)g]
nr.y,
2Mg/,
AN, = ——m Y -
® .Y [ F, =2Mg]
?Mgf1
Af nr,-) Ys Ja
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(©)
(¢) Initially
T (upthrust)
F

(viscousT W=
force) T+F

W(weight)
2W  Finally

Here
T JW+T=W+F
=>W=T+F

W

F
So in both case W =T+ F

So, in both case state of body will be same.

(B)

(b) According to Toricelli's theorem,
Velocity of efflex,

Vig=2gh = J2x98x5= 9.8ms”
©

; _ lateral strain ()
(c) Poisson’sratio, G =

longitudinal strain ()
For material like copper, 6 =0.33

9 1 3

=3k(1-206)Also, —=—+—

And, Y ( ) i
Y=2n(1+o0) Hence,n<Y <k

(A)
(a) When the bubble gets detached,
Buoyant force = force due to surface tension from diagram
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10.

11.

p, Vg = (T sin 0) » (2nr)

4 AN
= pmﬂ;nR}g = T-%thr

Tsm@ J a7
4 3 2T , 2 (2p,,2
= —RIpg=—p® DIr= R —,
ot G 3T
(A)
Inside a drop or an air bubble, towards concave side

P-p+2- = ap=2L
R R

Here, the figure shows that the water between the plates formed a curved surface, similar to that formed

by air bubble inside the water. So, pressure in water between the plates is lowered by %T

(©)
When a point mass is falling vertically in a viscous medium, the medium or viscous fluid exerts drag
force on the body to oppose its motion and at one stage body falling with constant terminal velocity.

(A)

Young’s modulus Y _FJAL
Al (
v=—t!
TreAl
Given, radius r =5 mm, force F =501tk N,
L =0.01mm
AL
Y= L2101 N/m?
nr? Al
(D)
Normal force N N
StresS=——— =— =
Area A (2ma)b
V =mab
AV =2mabAa

Stress = B x strain

(2na)b nazb
(2ma)” Aab?
= N= B—2
na‘b

For needed to push the cork.
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f N = X Bx4n?a’b®Aa (

=(4nuBb)Aa
na’b H )
12. (0 |
(¢ Bulkmodulus,K = volumetn.c stre?s
volumetricstrain
K= dV Yo StrCSS_—.—:Ln_g.
() I
vV
dv m |
= e B
volume of sphere, V' = %nﬁ
. dv )
Fractional change 1n volume = e & (i)
#

' o o s SAr Mg
Using eq. (i) & (ii) e

dr _ M& (fractional decrement in radius)
r 3Ka

13.  (B)
(b) As we know that
T,
2Tc:os(‘)=Rh - Hg _75
TPg Twater
PHg cosBy, _ cos135°

—=13.6&
Pw COSOW cos0° Ji

RHg _(Tﬂg\(pw\(ooseug\
RWatcr -kTWJLpHg L(:OSOWJ

= 75x o x == 04 =2

136 2 5

14. (D)
(d) We have, h =

2T cosB

rPg
Mass of the water in the capillary
2 2T cosB

m=pV=pxnrth= PX1r x? =mar

ml_r

“m, 2 orm,=2m =2m.
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15.

16.

17.

18.

(A)

(a) 27 x Em‘j = Eﬂr] or r= %
Terminal velocity, v o 2
2 2 "2
W _ n (rz\i ~ (R /3 1
‘v ““’z_l\r]J i J ‘“'1=E
Vi
— =9
or 1"2
©)
(C) A(emp - Aforce
FL
oo La(AD=— Soa= il = F
5 AY AYT  np2yr
Coefficient of volume expression
3F
r=3a= T
YT
(None)
(None) Young modulus, Y = St;ss
)
Let o be the stress. i Brass Steel  }—sF
Total elongation Al = 24 + 6{42
W b
Alnetzo l+l [L|=L2='m]
h n
o =all N =02x107° x(120x60) %10
h+h 180
=8x 106%
m
(B)
4
A nd?
2 400x 4
=d e il = 1,15 i
379x10°n
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19.

20.

21.

(©)

F.fl] Ffz 2 1.5
or 2 = 2—01' 7 = P
ny mry, RTxT  27x4
R=1.75mm
(A)

(a) When a ca_taplﬂt is stretched up to length /, then the
1 (YA 2 1 2
stored energyinit=Ak. E = E(_L_] (Al) ZEHW

B msz
A(AD?
m=0.02kg, v=20ms|,L =0.42m, A=(nd>)/(4)
d=6x10"m,Al=02m
y = 2023 300x942 %4 _ 5 97 x 106 N/m?

Tx36%107° x0.04
So, order is 109,

= ¥

(A)
(a) If force F acts along the length L of the wire of cross-
section A. then energy stored in unit volume of wire is given by

1 ;
Energy density = 5 stress X strain
F . ofF
= le X &l ( stress = — and strain =——)
2 A AY A AY
1 F2 1 F2x16 _1F”x16
T2y 2(d?)?Yy 2 md'Y
If u; and u, are the densities of two wires, then

4
m_{d) L h_ gy
Uy kd]J d2 _ ‘{2
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22.  (C)
(¢) According to question, pressure inside, 1st soap
bubble,

AT
AR =R -Fy=001=—

4 "
And AP, =P -F =002= RT .(11)

2

(i)

Dividing, equation (ii) by (i),
1.5, R =2R,
2 R

4 s N R =ﬁ _8
Volume V=3n =y "R R 1
23 (B)
() Given, Weight of uniform heavyrod. W= 10 kg ms™
Length of rod, L=20cm=0.2m
Consider an element dx at distance x from top.

Force acting on part below dx
(L-xW gty
s .
Elongation for small element dx, dl dx +
B (L - x) Wdx L-x
I FT \

I‘” I(L X)AY::: é—%—5x10-9

24.  (B)

(b) Force exerted on each column F = 2.

s = &E_
VA
Stram[aszﬂg_
¢/ 44y
50x10° x9.8

4x[n><12 —ﬂ;(.S)z] TR0 [TA= TE?E]
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25.

26.

217.

©)
(¢) Here,m,=3kg,m,=5kg
Tension in the metal wire.

T_Zmlng_2x3x5><l()_§

m1+m2 8 B 2
Stress =1=.l
nr?

4 a

AT 2 75 3

n 2xmr 2x24x100 8x24
=r=0.125m=125¢cm

(A)

P
(@) Bulk modulus (K)is given by K= T
=7
Density, P = -
nsity, P =
A P P
0, %—:ﬁ AL K=—I)—“ﬁ—p=—:>Ap=B_
P ¥ (ée) P K K
P
(D)
(d) We know that
Y=3K(1-20)
Here,
o = Poisson’s ratio
1 Y ]
=_|]—-—
“ 2[ 3K
Also,
Y=2n(l1+o)
2“ . -
From equation (i) and equation (i),
l(l_L}L_,
2 3K) 2n
Y Y Y Y ¥ _311-}’
1"—~—=——-2 ——:3—-—:;-3E_——-—
3K 7 3K n M
Y
T|__= Y= = L
- n K n-3Y
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28.

29.

30.

(B)
(b) Pressure at same horizontal " _’_1]
level is equal Al
Sl’.l, .P] = Pz lh"l _P:
2T ~—1"""""" )
B=P, -— " *
3 aime h P, hy
& Fy = Fym - = ﬁ
2 12 P,

2T )
Py = Py +pghy = Fyyyy —;Jr pghy

&R =P +pg(h +"2}=ﬂm‘i—r+ﬂg{ﬁ! +hy)

| oT 2T
LY .9 —T]+pg{ﬁ| +hy) = Fom ———+ pghy
2

- pghy = zr[i - i}
h B

=2x7.3xm‘1[ S, }
25%107°  4x107°
= h=219%103m=2.19 mm

(A)

(a) As volume remain same i.e volume of two smaller
drops will be equal to volume of one big drop.

4
ngmj :%ﬂﬂ,3 =28 =R}

3 |
:52=[E) :Ezzi

r T
U _Tx2xlam?) 22 L

=23
Ug Tx4nR? s
_ 23R?

(A)

(a) Let R be the radius of curvature of common surface

4T
fﬁ=f;+'7:
4T
And P, - P,= —
) (ne g
a b R
LI ) § : ab
3 b R b REgT
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3. (O
(¢) As volume remains unchanged
4
nx;nra = %!\:R3 = nr'=R
Work done = T x Increment in surface area
W=T[4nnr —4nR?] ..())
By conservation of energy

Loss in .thermal energy = work done against surface
tension

JO=W
Where J = mechanical equivalent of heat
W 41tT(nr2 - Rz)

e [Using (i)]

Heat energy per unit volume

anT (1 R?
_ 4:7' [nrz—R2]= n l:____]

32. (A
Young modulus depends on material of wire not on length and area of wire's cross section.

33.  (C)

Al
(¢) Force F =YA N Y = young's modulus of the wire

~2x10'"! xm*‘(#] =2x10'N

34. (D)
@ Young’s modulus,
F/A F/ F¢
YA T Ane AY
!
Net elongation, Af = Af; + Al
= A[_—__Fi+1£2_
Ale ArY,
o A ACA
R IR B "
——+—— 1,72
ArYs A2Yc Y. Y
14x107% xmx (1.4x107)?

+
2x10'"  1.1x10"
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3B (A
(a) Since breaking stress (Maximum lifting capacity) is
the property of material so it will remain same.
breaking stress = Maximum hftmg capacity
Area of cross-section of rope

B I B3

25%107* A

=
=>A=25"2'150"1° = 625x107° =6.25x10*m’
6. (C) -
(¢) When length ‘L’ is hanging from fixed support
AL:LgL = ALxm
YA

il w1 £ 1

R o) T -

AL, m, 2 IL,-L 2
> U -2U=L,-L =2 -L,=L
i L=2L1_L2

37. (C)
) Atequilibrium, F = 0

-..d _
::"“‘li—{] = d(._i!_._._B_) =1

dr dr \ 10 3

6 6| 5
P r rolr |

/ 5 ( B
:>+—ixl()—~§:0 = | [I——)/—ts——J—‘O

104 I’s
r 5B B
38.  (C)
AP AV
(c) Bulkmodulus.8=-_A_F - _\p=_BT

=
|AP|=+3 x 10°x 0.02 = 6x10"
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39.

40.

41.

(D)
(d) We know that terminal velocity is given by
2
=2 o-p)
. &M

Here, we have no involvement of buoyant force. So
remove p,.
2 =12 3

= 2grep _2x10x10""x10

I 9x].8x107°

=123.4 % 10%m/s.

(A)
(a) As liquid drop is in equilibrium.
SoF =0

Boyant force + surface tension = mg

"n.-’
— g +2nRT = pVg

= 2%RT = 22= "]4:: g[ V= %

LRI 3T el \F?Sxmzm-m
(Zp—u}g (2p-a)x10
15

20 (Ep—cr 1,||' p—n

=R=

(A)

(a) E, =0"40" = surface energy per unit area
= Ta‘ [---0 = n: T'41r);2

4 4
Now, V, =V, :3—“’;3 =64x§1tr} :>r,~3 =64rj,3-

=r,=4r:
r-z 5
So.E,=0 A,=Tx 64 % 4nr} =256Txnfg=16nrr,~

So. AE =E ;- E; =12n+Tr? = 121%0.075%0.12
=282 % 10)
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42, (101)
(101) Given : Radius of capillary tube,
r=0.015cm=15x%10""mm
h=15cm=15x 102 mm

2T cosB
pgr [cosB = cos0°=1]

Using, /=
Surface tension,

rh 15x107° x15x1072 .
T= 2"g= ><2 x900x10 _ o

milli newton m™!

43.  (4)
@) T=Mle?
_Z_mlcn)2
A A
2 43x|07}A
mlo”  48x107 = w* <
ml
(48107 (107 " o
< = = =4 rad's
xdle 10x3 o
44, (40)

(40) Let m bemass that can be placed in the pan. For wire ¥,

Maximum weight _ (m+30)g
Area 8x107

— m+30=125x10%x8x1077
— m+30=100=>m=70kg

Stress =

For wire W,
O s lo)f ~1.25x10°
4x10”

= m+10=50 =>m=40kg
Maximummassthatcanbe_pla-ced=4(.)‘ lfg.

a1 tnba
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45,

46.

471.

48.

(20)

Energy stored in stretched catapult is converted into kinetic energy of stone
1YA », 1

X" ==—mv
2 L 2
0.5x10°x10°x(0.04)° 20 ,
= ve =V =400
0.1 1000
s.ov=20m/s
)
As Al = F"2:>A| '2
Y .mr r
I ¢ ? 1)?
Aly=| 2| L AI1=(2)(—] (0.04)m=2cm
L\, 2
(500)

AP
(500) Bulk modulus, B = ————

M_')

| 4
V
v BA,
= B=——(pgh J
dV(pg ) = h= o
9.8x10% x 0.5
h= 3 =500 m.
lOOxlO x 9.8

)

- . 4
(2) Excess pressure inside bigger bubble = o

)
So, Excess pressure inside the smaller soap bubble
4
A}Jl = __T + 4_T
nN: 9
The excess pressure inside the equivalent soap bubble.
4
an = AT
Req

B

xlllfi"’%
kS
E

eq n "
nr
= Ry = i 2
n+rn

Puttmgr,—3cm rp=6bem=R,

=2 cm
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49.  (50)
(50) Given, length of metal wire, ¢ =0.5m
Cross-sectional area, A = 104 m’
Breaking stress = 5 x 108 Nm
Mass of block m = 10 kg
T, . = Breaking stress x Area

-

= = 5x10%x104=5x 10¢

10V o 10¢ 0.5x5x10°*
05 10 o v _-"_10"_=50m/s

50.  (30)
mv? Pl
mg+ —— (4 \
R ' '
(30) Strain =F/AY = TAY \ I i
=l 5 mis
2
20+ 20)
05 __ =30x10°S
" 3x10° x10"
5. (2)
@) Slop Extensnon/ Load Al/w
~ Length of wire L
: _MgA. WL
Young's modulus, Y = AL - ACA

1
S P
(slope) A 2x107°(0.25x107)
= Y=2x 10" N/m?

52.  (25)
Given mass of rod m = 20 kg
Cross-section area, A = 0.4 m?
Length (=20m
Let extension is dy in length dx.
T
_stress  p T dx q _ Tdx

ey __._: e —
strain  dy A dy Y= Ay

dx
Tension at a distance x from lower end0020 = % X
mg  dx mg 27’
d — x— =
[o-["donpe 12|
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53.

54,

55.

56.

mg/{ 20x10x 20
Al = =

2AY  2x0.4x2x10M
Compare with xx107° we have, x = 25

®) Fo
5) Al= ﬂ:ﬂ&foc——

YA r?

F- fz n . 1
2 — o = ——
= AL, = M'(—J(ﬁ)(rz] 5x4><4x16 S5cm

(48)

—25%x10°m

n: F — 4 X F
(48) Atan® A(g)
o
F x FY ¢ !
—=n—:>——=x
A V4 An

18x10* x60x 107>

= %= 60x1072 x15x107% x25x10°
=48 x 10°m=48 um

(25)
stress . 1
= => strain = —Sstress
25) ¥ strain y
C=Dx107° 1 o0 _souip)
;.—=slope= =—x107" =y=2
y T T 020 20

1 :
So, energy density = 3 x stress X strain
';' X y X (strain)*= %X 20 x 10'°x (5 x 10°*F
=10" x25x10%=25x10°=25k)/m’

(25)

(25) F,, + F; = mg (V = constant)

Fy=mg-Fy=pVeg—p Vg=(pg-p Ve
0.3x107°

= (8- 1.3) x 10" x ————x10=25x10"'N
gx10°

Hence, the value of viscous force acting on ball will be
25 x 1074 N.

Compair with x x 104, we get x = 25
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57. (11)

(11) When bubble is rising steadily the net force acting
on 1t will be zero.

So, buoyant force (B) = drag force (F)

4 8 |
_4 Rpg
18 v e
_ Ry
q=i{l[}"3}2xl.?5x1u3x|ﬂ F= 671

18 0.35% 1072

1
n=?ﬂ=1.11:11poisc

58.  (20)

(20) Speed aﬂgr falling ‘h* height = Terminal velocity
= \2gh 2k (P=p/)
e PP
o

= JZx10xh = 2x(0.1x107%)? x10

: 9x1073
:‘/20;,=Mx9x,03
9x107°
= J20h =20 =20h=400 = h=20m

x(10* =10%)

59.  (500)
2T 2T
(S00) P=P,+ ?:::P'FE:_

500 < 2xT
2%1073

T=500x= 10"

So, x =500
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Only One Option Correct

: JEE Advanced

1.

(©)

Using, Y = F/A

AL)
_F/n(2R)’ _F/nR?
C AL 2L AL,/L

AL,
Al

(D)

(A)
1dp

Given: —— =constant
p dt

C4nR® d| m

3m dt| 4 g3
3

= constant

— R® %(R‘3) = constant

- R® (—3R4)d—R = constant

dt
‘d—R o« R
dt

One or More than One Option Correct

1.

(A, B)
From graph, the maximum stress that P can withstand before breaking is greater than Q.
Strain
PO S :
(strain P) .
Max p .
(strain Q) frevvcreofoenens
: {\" Max
» .
Stress SUesS
Maximum of P
stress of Q
The strain of P is more than Q therefore P is more ductile.
stress
e Y — -
strain
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So, a given strain, straign is more for Q.
S Yo >Yp.

(A, D)
Since string is taut,
pl < Gl and pz < 02

For floating, net weight of system = net upthrust

(P1+p2)Vg =(01+02)Vg
Upwards terminal velocity
_ 2r? (c2-p1)9

M,

Where r is radius of sphere.
Downwards terminal velocity

2r? (p2-01)9

Ve

VA =

© I
\Y

L PR= (vp1—02=01-p)
VQ N2

Again Vp Vg <0 i.e., negative as Vp and Vq, are opposite to each other.

(A, C)

As we know h = 20050

rPYets

. 1 ..
As ‘r’ increases, h decreases h oc = [all other parameters remaining constant]
r

Also k c o

Further if lift is going up with an acceleration ‘a’ then g =g +a.

As g increases, ‘h’ decreases.
Also hoccosf not hoc 6

(A, C,D)
dv u
F=-nAl — | or |[F|=nA=L
1 [dxj Fl=nAs

Where Yo =velocity gradient (QJ
h dx

Focn, Foc A F ocpg and Foc%

(A, B, C)

For case |

hy = 2T cos 6, _ 2><O.475><coso _375¢em
rpg 2x107" x1000x10

For case 11
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_ 2T cos0,  2x0.75x60°

rpg 2x10™* x1000%10
The correction in the height of water column raised in the tube, due to weight of water contained in
the meniscus will be different for both cases.

In case Il, if the capillary joint is 5 cm above the water surface then water in capillary will not reach
the interface.

Water will reach till 3.75 cm.

h, =3.75cm

Comprehensions Type

1.
2.
3.

(D)
(B)
(B)

(©)

Vertical force due to surface tension
R, =(T cos8)x2nr

2
=T r ><2nr=27tr T [ cosezL}
R R R

(A)

When the drop is about to detach from the dropper weight = vertical force due to surface tension
(mg=FR,)

4 4 2mr?T
- 2R3 =
3 PITTR
2
2 5x107%) x0.11
L RA_[3IT :§x( ) —4.12x10°12
2 pg | 2 1000x10

or, R=142x10"m

(B)

Surface energy =T x 4nR?

2
- 0.11x4x§x(1.42x103) —2.27x107% ]

Integer / Numerical Answer Type

1.

(6)

Pressure, Py + Py, + :—T (" Excess pressure due to surface tension (T) in soap bubble = 4T/r)
A

Py=84+ 2L X004 o b 16 N/m?

Ry, 002
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Similarly, Py _g. AT _g, 4004, N/m?
Rg 0.04

According to ideal gas equation, R, =nRT
PV, =N,RTg = lGx%n(O.OZ)?’:nARTA (i)
PoVg = NgRTg = 12x%1‘c(0.04)3 = ngRTy (i)
Dividing eq. (ii) by (i)
12><ﬂn(0.4)3

3 =B o7, =Tg]

4 3 n, - A B
16><§n(0.02) A
2B g

Na

©)
As we know, terminal velocity
v =2 (—o)g
T on P

2r12(0—91)9 ,
Ve _ My _%(o-p1) N2
Vo 255(c-p2)g K (o-p2) M

My
12 [8-08] 2
= X —=

(6)
4R — kA - R=KY3r
3 3

AU = s[kx4nr2 —4nr2}
- AU =47:SR2[100‘/3—1} [ K =1o°°}

- 1073 =47 %‘ix (10—2 )2 [100"3 —1}

- 102 =10%/® —1 Neglecting
102 =10*% = £ -2
3
~o=6
)
Given : I, =</3m; 1, =1m; Y, =1x10**N/m? and Y, = 2x10" N/m?.
At equilibrium, Ty cos60 =T, cos30°
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M 2 60° W0e
T 1 -
= T.=3T. > -~ Im -
) ‘ TS \/g r,

T Y, 2x10! 2 T
From,Y:LI:AI:iI v
Here, A, = A,

Alg (Te) (le) (Yo (L) [¥3 [gj_z

Ay \To) ) (Ye) W) (1) (1
(3.74)

According to question, the water above the rim as a disc of thickness ‘h’ having semi-circular edges.
r="h/2
pressure at the bottom of disc = pressure due to surface tension

Rl Ry
R, >>> R, L << 1 and R, =h
Ry R, 2

1 1 1 2T
P9 {Rl Rz} { h/z} h
h:

N1 BN g_\/zoxom _\/10><100
Py pg V' 10°x10 \10%x100

- h=vy14 mm=3.741
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