PHYSICS - Elasticity

JEE-MAIN

TOPIC

SOLUTIONS

ELASTICITY

ELASTICITY
Exercise-|
1. (© 1 _
GivenL=1mm, AL=6 x 10°mm U= 5 x stress x strain %< volume
oa=12 % 10°k*?
then 1 o
AL = Lo AT =3 x Y (strain)? volume
6 < 10° mm = (Imm) (12 < 10°%) AT
— o 1
AT=5°C U= Y (aAT)? AL
U t - 20)2
L=25cm, A= 0.8 x 10" cm? * (t-20)
AT =10°C, a=103°C1, Y =2x101°N? 7. (B)
then AL
AL F — =oAt= —a20
= aAT = A_y L
F = oA yAt means read more so actual is less
= (10°)(0-8 x 10%) x (2 < 10%°) x 10 8. (B)
=160 N GivenL =20 cm, AL,=0.075 cm, AL, =0.045
3. (© cm
L, =L+ La, At AL =La AT
oo Tndm
. = a2
Stress, = YlLalAt. L Let for thirdrod L, and L, =20 — L,
Stress, L Y,Lo, At So AL, =AL +AL,
2Y; Y _3 =006 =L,a, 100+ (20-L,)a,100
1=- = =
3Y, Y, 2 L, =10cm.
4. (O 9. (A
I =CMR? Given
dl =2CMRdR = 2CMR [RaAT] f = coafficient of cubical expansion
= ZG,IAT pSpere = pl,
5. (B 2665  1.527
AL 3
F = AY— = AYaAT 4 (7 1+ 35f
L 3”2
F AYoAT
f=k,~=K = f=8.3 x 10%/.c
1l pA
Vg 10. (B)
—fo.— Given volume at 0°C =V,
P cofficient of Linear expansion = a_
6. (B) cofficient of cubical expansion =y_

We know that
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PHYSICS - Elasticity

bV =V Vo(L+7AT) - Vi(1+3a,AT)
- - A, (1+2a,AT)

VT (v-3a,)
A, (1+2a,T)

11. (B)
~ AL

= A’Y—
L(L+ aA)

B Ac ot
1+ at)

12. (A)
At 0°C
then P, V.9 =W,
Att°C p’'v/g =W
PV, =P,V =m
@ - =@V, —pV)g=W-—W,

(D)
(2)
..(3)

W=W, +@E{l-yt}v,(1+y,t)—pVv)g

=W, [1-(,—v)t]
13. (©)

Initially P =

VoPs P = Vy Py
A, A/
Y% (1+107° x10) ) oy
A, (1+2x10°x10) (1+10°x10)

~ P
1+2x1072

L
P

©
dx = Adx

!

1-(1+2x107?)

Jx100= x100

=—2%
14

X dx

AL L
[ Adx = [dx(3x +2)x10°(20-0)
0 0

3x?
AL = (20 < 107) 7+2X
0

(3
AL = (20 x 107%) 7+2|_ =1-2cm

L., =L+AL

©
Let eq". temp =t then
m,s.t =m_s_ (100 -t)

R
d) =d (1+a.t)

15.
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(1)
.(2)

16.

17.

18.

19.

20.

21.

22.
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o-

..(3)
(4)

d’ =d[1- 0, (100—1)]
Nowd,S =d/
So. d (1 + o, t) =d_[1—0,(100—1)]
d (1-0,,100) - d
t= [dgog —d o]

Put the above value of tin eq. 1.

MeS: 1]t =100
mSSs

m, 23

m 54
©
o, +a for x — y plane
=3 x 10° per °C

BCDEH

(®))
yoil = yve5§el = D. i
Volume increases but mass remains same.

©

YT S Y
AV <AV,
Ap, < Apy
So W, > W, [. Displaced mass of alchol is
less]

()
Initially p_ p, and V density of sphere, density
of liquid and volume.

pm == pac
So completely Immersed

BT';BTXlooz
B

T

\@'Fh'g _-\/splg
Vipi9

sHl

x 100

= [(1 +y, A)(1 -y, At) — 1] < 100
= — 0.05 (decreases)

®)
T x100=1=1000At =100 o(T,—T),)
AA
e *x 100 = 200 oAt = 2%
©
AL = AL, + AL,
(BL)a, At = LaAt = (2L) (2a) At

a+4o 5o
et = =5

3 3

®)
Given  =1.4 x 10 Pa,a = 1.7 x 10°5°C?
AT =30°C-20°C =10°C

AV
P=—aviv =4P=-P%
AP =B(3aAT) = 1.4x10%x3x1.7x10"
5%10
= 7.14 x 107 Pa.
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PHYSICS - Elasticity

23.

24.

25.

26.

27.

28.

29.
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QY]
At 40°C
1 Unit will be = 1(1 + o At) units
=1(1+ 12 %< 10-° x 40) Units
So 100 Unit will be = 100 (1 + 12 x< 10°® x
40) = Actual
100 (1 +40 =12 x10° =1, (1 + (2 < 10°)
40)
I =100[1+ 400 < 10°] >100mm.

0

©
V, _ denote volume of murcury
Vair = Vflask - Vm = V,flask - Vm,
V. —300=V__[1+ 3 x (9 x 109 At]
—300[1+8x10*

flask flask

At]

_ (300x1.8x10™)
flask 27x107° At
®)

Because floating

At = 2000 cm?®

2p, =p,
A)

if y_ >y, then submerged more else come out
of liquid respectively
and y_ >y  (always)

»
V' = V[1 + 1y, At]

p|, = p| [1 - Y| At]
(3)o=el3)
p| 2 g - p| 2 g

p.[%} g=np(1—-yAD [%j (1 +v,At)g

QL-yA) @A+y A)=1
A-—yA) (1L +3a,A)=1

30(5 -N= 0
»
initially p(A.h)g = (p, A, h))g (D)
Now p’(A; h) g = (p, A, h,)g (2

p, (1 —v, A)h = p (1 — 3o,  A)h_ (1 + o  At)
Y, = 204

»

p/<r or&
P P

l1+y, At 2

1+yAt=2

At>i

Y,

0-

T,-T>1 =ST>T+1

Y Y

30. (©
Given y,-y.=c¢

= y.=C+vy.-5s=3a
and  y, -y, =S ts Ye :

o - C+y,—S
3
31. (B)
AQ, =100 x 4 x 60 = 24000 cal.
for0°C = water

AQ, =(100x0.2x20) + (200 x 0.5 %
20)
+ (200 = 80)
= 18400 cal.
So let temp is t then.
24000 — 18400 = (200 x 1 + 100 x 0.2)t
t =25.5°C

32. (C)
pO“C hlg = p30"(3 h2g
p, (120) = p, (1 —y30) (124)

y=[1-2290 L 495904/
124 )30

33. (A)
(212-37)°F
A P« 25°C = 45°F
(100-0)°C
34. (D)
at 0°C
V,, =20A

V,, =30A
Now at time T y read 120°C
So.V',, =A(120) =30A (1 +7y,T)
andV’,, =Ah=20A(1+y_T)
120 30
Dividing h T 207 h =80.

MULTIPLE CHOICE QUESTION
35. (C, D)

for Adiabatic
PV" = const.

36. (B, 0)
Strain — Same

F
Stress = A = constant
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PHYSICS - Elasticity °:

Fo A 38. (A,C,D)
= F o r? (A) % rise in area = BAT
1 = 2(aAT)
Energy = Estress x strain < volume =2x%x0.2=0.4%
(C) % rise is volume = 3 aAT
x Area =3x0.2=0.6%
oc I?
0.2
37. (A,C,D) (D) o= 80<100 — 0.25 x 10%/°C

Gravitational Potential Energy U_ = Mgl
Elastic Potential Energy U, =

1 .
= Estress x strain % volume

1F ¢ F=mg
xV
2A 1, V=AY,

—1ml

1
Heat Produced = U_ = 2 Mgl
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1.
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(I) yair = ymaterial i i
So Hollow feel more pressure from inside and
increase more due to air pressure

15x60 A
(). = 450 oscillation
(b).T=kr
1/2
=kl +Al = f(l——J
= kf[lﬁﬂj
27
1A/
=T|1+——
T = T[ Y. J
So T’ time = 1 oscillation
1
15 x 60 sec =;><15><60
15x60

2[1+;'(2><105)><(4O —20)}

-
(c). x 2 sec ahead

(d). (i) 2 sec extra = 1 oscillation extra
(i) (450 + 1) Oscillation — 15 minutes

15x60
451

1 oscillation —

(). (iii)

SecC.

1
20 = Jsiao® o

(a).V, = Ah (1 + 3« At)
(b). Ah,’ = Ah[ 1 +yAt]
h, = h[1 + yAt]

(©). @)y, <3=,

(i) y, > 3=,
(ii)) y, = 3a,
(d). AV =V
AO]

= Ah[y, — 3a,] A

— V.’ = Ah[1 +y,A0]— Ah[1-3a,
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0-

Exercise-ll

(e). A(h—h) =V -V,
Ah — Ah, = Ah (1 + 3, A8) — Ah (1 + y_A0)
0= h3a —hy,
(" (). () Ah, =Ah
Ah,  h
h="A "+ 20, A0)
Now h =h_[1 + o A0]

So | h] N
1+3a,A0

(M(i). Ah =V,
V) =V, [1+7y A0]
Ah=Ah [1 +7v, A6]
h,=h_ [1+1y A6]

O (iii)
1) v, =30,
(2) v, < 3a,
3) v, =30,

_ 156.25-56.25
Vg

at 15°C

156.25 - 66.25
Nowp' = """+
[¢]
p, =pll—yAt]
V) =V [1+y, At

156.25-66.25 156.25-56.25

V,(L+7, Ab) v,

at 52°C

90
= 153x9x10°x37

Y| -

=100 [1 -y, x 37]

1 100 — 90 -
3700 1+37x9x3x10

= Y, =2.72 x1073/°C
@
initially p, = p, = d_

Fthrust = pl, (VO,)g

=d, (1 —7v A40) V(1 + 30, A0)g
() () 3o, >y,
(ii) 3o, <y,
(iii) 3o, =y,

T=K{7

kde k
A
=200 I

—TAO
_za
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PHYSICS - Elasticity

0-

InT +dT lag by =dT

T
6 — 6
In 10° slow by = Todr X 10° sec
dT/T
= qt > 10° Sec
T
1+ —
T
1ocAO
= _—2 < 10°sec
(l+ocA9j
2
1 6
=|=aA 1——aA6 x10
2
_1 AB > 10°
1
= 5% 10° x (30 — 20) x 10°
= 5 sec slow.
Al
7. F =Ay—
1
= Ay a AO
=103 x 10% x 105 (100 — 0°)
=10000 N
h
8. C.M =y:§ from O
dy = 1dh
Y =3
1
dy = 3 (h o AD)
dy 1
—:— = — I ©
03 (cos 30°)a
_ 1,298 B10® miec
3 2
=4 x10°m/°C
9. AL =AL, + AL,
(BL)a, A6 = La, AO + 2La, AO
3a, = (a,+2a,)
1 o
o, =3 (o +42) = 3
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12.

13
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2h
et 1_EJ
T=k at 20°C and height h
geffh
([1+ (30 - 20)]
T =Kk4— - at30° at height h
geffh
€(1+ a(30—20)
T11 —_ —————————————————————————

9r

10
_n
5R
Yy =20 a,
V-V, =V-=V/
V-V, —V(1+3agA9)—VO(1+ymA9)
O=3och—ymV0
3V
0 =30,V-200,V,= V0=2—O
Al AD %— 100
;=0 A0= T a, (100)

00.4
and —— = a, (100)

40
A, =AL=AL
0.03 =/, a, (50) + (50 — £,) a_ 50
0.03 - 25000,
b = (op — )50

=10cm
R, =70-(-20) =90°
(E)) R, = (90-0)=90°
=(120-30) =90°

same

) 50°w < 50°y < 50°x

212-32
100-0
T=-40

x T°C=T°F—-32
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©)

Elastic energy stored in the wire is

1 .
U= 5 x stress x strain % volume

_1F A AL
2A L

~Leal = 14200x1x10° = 0.17
2 2

(®))
Work done in stretching the wire
= potential energy stored

= — x stress x strain x volume

=—><—><l><AL =—F|
2 AL 2
®

Given S = Stress

Y = youngs modulus

1
We know that U = > stress x strain x vol-

ume
Energy per unit volume

U 1 .
R — r = strain
=~ Volu —Zstess stra

stress
Y
u 1. s s

V. 2 Y 2y
QY

Let us consider the length of wire as L and
cross-sectional area A, the material of wire
has Young's modulus as Y.

Case 1 Case 2

(strain =

(—I\JI_—)
—Nn T —

wi M
vy = w/A
Then for 1st case Y = —I/L
vy = w/A
For 2nd case, “or/L
= I'= !
2

So, total elongation of both sides = 2I'=l
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Exercise-lll
(®))
Alll:AZIZ
L Ak AL
A, 3A 3
= Ii=3
2
F
Ax, = -1 x| i
1 AyXl ...(D)
F
AX, = —2—| ii
27 3y 2 ...(i)
Here AX; = AX,
Ry, _R
3Ay ? - Ayt

F2=3F1x:i=3F1x3=9F

2
©
AL=0LAT = =
AY

= Stress = % =YaAT

®)
Givend=20cm, t=0°C to t=100°C
V=V, ([1+1)

V=V, (1+3at) (y=3w)
change in volume =V -V,

= 3V, at

3
= 3><£rc E x23x107°x100
3 \2

= 3><£TE 0.2 x23x107°x100
3 2

= 28.9 cc (1 cc =10°m?3)
Increase in length
AL = aAT
F
AL _ AT
L =

Then thermal stress
developed is

T AL ‘L \L
= = — =YoAT

s L T T
T = SYoAT

From FBD of one part of the wheel

F=2T

Where F is force that one part of wheel is
applies on the other part.

F = 2SYaAT
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Exercise-1VV

I 3. A
1. Pe= 144t o t=1{, 0t
P, + h, Py 9 —hp,.0 N ﬁ_& 4, _ 9%
=P, +hyp-g—hp,. g 0, o, L+l o, ta
AL :|D 4. 7T v, Te{
: 5°C Depth submerged in liquid remains same
950C B :':':'-: C E Upthrust :Welght
5°C 95°C v.pg =Vv'p'g
------------------------- pL
Ah. = Al + 2a_AT) h.
o, (Ah) p g = A( o, AT) h; [“MTJQ
pi=h8+h:>1+95y=hg+h - v =20,
ps h,+h Po h, +h :
1+5y o= 5
. 5. m k=0.1 (140)2
=r=2x10*%°C, a=z= 6-7 x 10°5/°C
F
2. (B,D) v _A
l, (1 + 0, AT) = (R+d)6 al
l, (1 + a AT) =R0 L
R+d 1+0,AT d Y_O.l><l40><l40><x><l><10
d =1+aCAT:>1+§:1+(%—%)AT 4.9x107 xxx10
[Binomial Expansion] =4 x10°Nm™? N=4
R_ d 1 1
(og —a)AT R o AT and R o Og — O¢
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