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Two wires A and B are of the same material. Their lengths

arein the ratio 1 : 2 and the diameter are in the ratio2 : 1. If

they are pulled by the same force, then increase in length
will be in the ratio

(@ 2:1 (b) 1:4 (c) 1:8 d 8:1

The load versus elongation graphs for four wires of same
length and made of the same material are shown in the figure.
The thinnest wire is represented by the line

Load D

(@ 04 c

(b) OC B
A

(c) OD

(d OB O Elongation

A spring of force constant 800 N/m has an extension of 5

cm. The work done in extending it from 5 cmto 15 cm is

(@ 167 (b) 81 () 32J (d) 24J

A metal wire of length L, and area of cross-section A is
attached to arigid support. Another metal wire of length L,
and of the same cross-sectional area is attached to the free
end of the first wire. A body of mass M is then suspended
from the free end of the second wire. If ¥, and Y, are the
Young’s moduli of the wires respectively, the effective force
constant of the system of two wires is

h¥)4 h¥)4
- &7 b —_——
@ 2Ly +H1) ®) (LiLy)"?
(Y;Y5)A Y,Y,)"? 4
© YLainn @ U
17275 (L)

The approximate depth of an ocean is 2700 m. The

compressibility of water is 45.4 x 10~!! Pa~! and density of

water is 10° kg/m3.What fractional compression of water

will be obtained at the bottom of the ocean ?

(@ 1.0x1072 (b) 12x102

(¢) 14x1072 (d) 0.8x102

The Young's modulus of steel is twice that of brass. Two

wires of same length and of same area of cross section, one

of steel and another of brass are suspended from the same

roof. If we want the lower ends of the wires to be at the same

level, then the weights added to the steel and brass wires

must be in the ratio of :

@ 2:1 (b) 4:1 () 1:1 d 1:2

Choose the wrong statement.

(@) The bulk modulus for solids is much larger than for
liquids.

(b) Gases are least compressible.

(c) The incompressibility of the solids is due to the tight
coupling between neighbouring atoms.

(d) The reciprocal of the bulk modulus is called
compressibility.
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A copper wire of length 1.0 m and a steel wire of length
0.5 m having equal cross-sectional areas are joined end to
end. The composite wire is stretched by a certain load which
stretches the copper wire by 1 mm. Ifthe Young’s modulii of
copper and steel are respectively 1.0 x 10! Nm2 and 2.0 x
1011 Nm2, the total extension of the composite wire is :
@ L75mm (b) 20mm (c) 150mm (d) 125mm

A cube at temperature 0°C is compressed equally from all
sides by an external pressure P. By what amount should its
temperature be raised to bring it back to the size it had before
the external pressure was applied. The bulk modulus of the
material of the cube is B and the coefficient of linear
expansion is a.

(@ PBa (b) P3Ba (¢) 3no/B (d) 3B/P

The diagram below shows the change in the length X of a
thin uniform wire caused by the application of stress F at
two different temperatures T, and T,. The variation shown
suggests that

(a) Tl > TZ Tz
b) T,<T, T,
© T,>T,

(d T,2T, X

Ifthe ratio of lengths, radii and Young's moduli of steel and
brass wires in the figure are a, b and ¢ respectively, then the
corresponding ratio of increase in their lengths is :

/4

3¢
(a) ) b2 Steel

a

2a20 M
(b)

b Brass
© 3a
[

W2 / M
o 2%

b2

The Young’s modulus of brass and steel are respectively
1019 N/m2. and 2 x 1010 N/m?2. A brass wire and a steel wire
of the same length are extended by 1 mm under the same
force, the radii of brass and steel wires are Ry and Rg
respectively. Then

@ Rg=+2Rg (b) Rg=Rp/+2
(c) Rg=4Rp (d Rg=Rp/4
Steel ruptures when a shear of 3.5 x 108 N m2 is applied.

The force needed to punch a 1 cm diameter hole in a steel
sheet 0.3 cm thick is nearly:

14.

15.

16.

17.

18.

19.

20.

(@) 14x10*N (b) 2.7x10*N

(c) 33x10*N (d 1.1x10*N

A ball falling in a lake of depth 400 m has a decrease of 0.2%
in its volume at the bottom. The bulk modulus of the material
of the ball is (in N m2)

(@) 9.8x10° (b) 9.8x1010

(¢) 1.96x1010 (d) 1.96x10°

A circular tube of mean radius 8 cm and thickness 0.04 cm is
melted up and recast into a solid rod of the same length. The
ratio of the torsional rigidities of the circular tube and the
solid rod is

(8.02)* —(7.98)*
(0.8)*

(0.8)? (0.8)*
© (8.02)* —(7.98)* @ (8.02)° —(7.98)?
Two wires are made of the same material and have the same
volume. However wire 1 has cross-sectional area 4 and wire
2 has cross-sectional area 34. Ifthe length of wire 1 increases
by Ax on applying force F, how much force is needed to
stretch wire 2 by the same amount?
(@ 4F (b) 6F (c) 9F d F
In materials like aluminium and copper, the correct order of
magnitude of various elastic modului is:
(@) Young’s modulus < shear modulus < bulk modulus.
(b) Bulk modulus <shear modulus < Young’s modulus
(c) Shear modulus < Young’s modulus < bulk modulus.
(d) Bulk modulus < Young’s modulus < shear modulus.
What per cent of length of wire increases by applying a
stress of 1 kg weight/mm? on it?
(Y=1x 10" N/m2 and 1 kg weight = 9.8 newton)
(@) 0.0067% (b) 0.0098%
(c) 0.0088% (d) 0.0078%
An elastic string of unstretched length L and force constant
k is stretched by a small length x. It is further stretched by
another small length y. The work done in the second
stretching is :

@ b’ (®)

(8.02)> —(7.98)%
(0.8)?

1 2 2
—k +
) (x"+y%)

1 1
© FkGc+y)? @ Shx+y)
Two, spring P and Q of force constants kp and

(k)
ko LkQ = 7) are stretched by applying forces of equal

magnitude. If the energy stored in Q is E, then the energy
stored in P is

@ E (b)) 2E © E2 d) EA
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21. The pressure that has to be applied to the ends of a steel
wire of length 10 cm to keep its length constant when its
temperature is raised by 100°C is:

(For steel Young’s modulus is 2 x 10''Nm™? and coefficient

ofthermal expansion is 1.1x10°K™")
@ 2.2x10* Pa () 2.2x10° Pa

(©) 22x107 Pa d) 2.2x10° Pa

22. Asteel ring of radius r and cross sectional area A is fitted
onto awooden disc of radius R (R>r). If the Young’s modulus
of steel is Y, then the force with which the steel ring is
expanded is
@ AY®RN) (b) AYR-1)1r
(©) (Y/A)IR-1)r] (d YrAR

23. Twowires A and B of same material and of equal length with
the radii in the ratio 1 : 2 are subjected to identical loads. If
the length of A increases by 8 mm, then the increase in
length of B is
@ 2mm (b) 4mm (d) 16 mm

24. A material has poisson’s ratio 0.50. If a uniform rod of it
suffers a longitudinal strain of 2 x 1073, then the percentage
change in volume is
(@ 06 (b) 04 (c) 02 (d) Zero

25. The upper end of a wire of diameter 12mm and length 1m is
clamped and its other end is twisted through an angle of
30°. The angle of shear is
(@ 18° (b) 0.18° (c) 36° (d) 0.36°

26. The pressure on an object of bulk modulus B undergoing
hydraulic compression due to a stress exerted by

(c) 8mm

2
. . . . AV .
surrounding fluid having volume strain 7\/ is

2
AV AV
(a) B2 [vj (b) B(V)

1 AV AV
© By @ Bl

27. A structural steel rod has a radius of 10 mm and length of
1.0 m. A 100 kN force stretches it along its length. Young’s
modulus of structural steel is 2 x 101! Nm2. The percentage
strain is about
(@ 0.16% (b) 032% (c) 008% (d) 0.24%

28. A beam of metal supported at the two edges is loaded at the
centre. The depression at the centre is proportional to

29.

30.

31.

32.

33.

34.

35.

When a 4 kg mass is hung vertically on a light spring that
obeys Hooke’s law, the spring stretches by 2 cms. The work
required to be done by an external agent in stretching this
spring by 5 cms will be (g = 9.8 m/sec?)

(@) 4.900joule (b) 2.450joule

(c) 0.495joule (d) 0.245joule

The length of a metal is £, when the tension initis T and is
£, when the tension is T,. The original length of the wire is

O+ 0, b Oy +05Ty
(a) 5 (b) T,+ T,
0Ty =0T
(C) T2 _Tl (d) \ITIT2(1€2

For the same cross-sectional area and for a given load, the
ratio of depressions for the beam of a square cross-section
and circular cross-section is

(@ 3:m (b) m:3 (o l:m (d m:1

The bulk moduli of ethanol, mercury and water are given as
0.9, 25 and 2.2 respectively in units of 10° Nm2. For a given
value of pressure, the fractional compression in volume is

AV . . AV
E Which of the following statements about A for

these three liquids is correct ?

(a) Ethanol > Water > Mercury

(b) Water > Ethanol > Mercury

(c) Mercury > Ethanol > Water

(d) Ethanol >Mercury > Water

The graph given is a stress-strain curve for

—
S
|

Stress (N/ m’%)
(e
(9]

0 } }
0.5 1.0

—> Strain

(a) elastic objects (b) plastics

(c) -elastomers (d) None of these

A metal rod of Young's modulus 2 x 1010 N m2 undergoes
an elastic strain of 0.06%. The energy per unit volume stored
inJm3is

(@) 3600 (b) 7200 (c) 10800 (d) 14400

Two wires of the same material and same length but diameters

in the ratio 1 : 2 are stretched by the same force. The potential
energy per unit volume of the two wires will be in the ratio

@ Y> (b)Y © 1Y (@ Y2 @ 1:2 (b 4:1  (© 2:1 (d 16:1
T T— 2.EOO@ 2.0 23.@ROW@ HEOOW 25 @OOW
Grip 26 OO@ 27.QOO@ 28.@OEO@ 29.-GOOW 30. ®OHOW

MLEO®OD 332.0000
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36. The length of an elastic string is a metre when the 41. A ballis falling in a lake of depth 200 m creates a decrease
longitudinal tension is 4 N and b metre when the longitudinal 0.1 % in its volume at the bottom. The bulk modulus of the
tension is 5 N. The length of the string in metre when the material of the ball will be
longitudinal tension is 9 N is 8 ) 10 )
1 (@ 19.6x107° N/m (b) 19.6x10°" N/m
@ a-b (b) 5b—4a (c) 2b——a (d) 4a-3b 10 5 < 5
5 4 _ © 19.6x107""N/m* (d) 19.6x10°N/m
37. A force of 10° newton, stretches the length of a hanging .
. L . . 42. The diagram shows a force-
wire by 1 millimetre. The force required to stretch a wire of .
. . . . extension graph for a rubber 4
same material and length but having four times the diameter i ) -
b . . band. Consider the following &
y | millimetre is ' =
(@) 4x10°N (b) 16x10°N statements : 5
1 3 1 1PN I It will be easier to compress ™
() 2 10°N (@ 16" this rubber than expand it Force —>
38. A steel wire of length / and cross sectional area A is stretched II.  Rubber does not return to its original length after it is
by 1 cm under a given load. When the same load is applied stretched
to another steel wire of double its length and half of its II. The rubber band will get heated if it is stretched and
cross section area, the amount of stretching (extension) is released
(@) 0-§ ean  (b) 2em (c) 4 cm (d 15 cm Which of these can be deduced from the graph:
39. The adjacent graph shows the extension (A /) of a w1re.0f @ Ionly (b) MandIll (c) TandII (d) Ionly
length 1 m suspended from the top of aroof at one end.w1th 43. ThePoisson’s ratio of a material is 0.5. If a force is applied to a
a load I connected to the other end. If the cross-sectional wire of this material, there is a decrease in the cross-sectional
area of the wire is 10~% m?, calculate the Young’s modulus area by 4%. The percentage increase in the length is:
of the material of the wire : @) 1% (b) 2% ©) 25% d) 4%
Al(x10™)m 44. Copper of fixed volume “V; is drawn into wire of length /°.
0 When this wire is subjected to a constant force ‘F’, the
4 extension produced in the wire is ‘Al’. Which of the following
; graphs is a straight line?
1
L=t (@) Al versus ] (b) Al versus 2
20 40 60 80" VN X
(@) 2x 101 N/m? (b) 2x 1071 N/m? (c) Al versus 2 (d) Al versus /
-12 2 -13 2
(© 3x107"N/m (d) 2107 N/m 45. When a 4 kg mass is hung vertically on a light spring that
40. Ifarubber ball is taken at the depth of 200 m in a pool, its

DAILY PRACTICE PROBLEM DPP CHAPTERWISE CP08 - PHYSICS

volume decreases by 0.1%. If the density of the water is
1 x 103 kg/m> and g = 10m/s?, then the volume elasticity in
N/m? will be
(@ 108

®) 2x108 (¢) 10° d 2x10°

obeys Hooke’s law, the spring stretches by 2 cms. The work
required to be done by an external agent in stretching this
spring by 5 cm will be (g =9.8 m/sec?)

(@) 4.900joule (b) 2.450joule

(c) 0.495joule (d) 0.245joule
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©

or,

or,

So,
(@ From the graph, it is clear that for the same value of

)

©

)

We know that Young's modulus
F L

= X —

SinceY, F are same for both the wires, we have,
1L 1L
I'12 El I'22 1 2

0 BxL (D, /2)? xL,
ly #xL, (D;/2)*xL,

¢, D3xL, D} L, 1

{2 DixL, (2D,)* 2L, 8§
b 6,=1:8

load, elongation is maximum for wire OA4. Hence OA4 is
the thinnest wire among the four wires.
Small amount of work done in extending the spring by
dx is
dW=kxdx

0.15
W=k I xdx

0.05

- %[(0.15)2 —(0.05)2}
=400[(0.15+0.05)(0.15-0.05)]

=400x02x0.1 =8J

Using the usual expression for the Young’s modulus,
the force constant for the wire can be written as

F Y4 .
k= N :T where the symbols have their usual
meanings. Now the two wires together will have an

kk
effective force constant {ﬁ} . Substituting the
corresponding lengths and the Young’s moduli we get
the answer.
Compressibility of water,
K=45.4x10""Pa’!
density of water P = 10> kg/m>
depth of ocean, h =2700 m

AV
We have to find ET ?
As we know, compressibility,

1 (AV/V)
=5~ p (P=reh)
So, (AV/V)=Kpgh
=454 x 10711 x10%x 10 %2700
=1.2258 %1072

PHYSICS
SOLUTIONS

DPP/CP08

/
(@ Young's modulusY = A A
Wi _W
i Y
[-- A, [, Al same for both brass and steel ]
A AN
A LAl LA, Al
Y, Y,
Brass Steel
ﬁ = ﬁ =2 [Ysteel/Y brass 2 given]

W, Y,
Solids are least compressible whereas gases are highly
compressible.

Y, x (AL, /L,) = Y, x (AL /Ly)
-3
110 | DO ot o ALs
1 0.5

_0.5x107°

S

. AL =0.25 mm

Therefore, total extension of the composite wire =

AL, + AL
=1mm+0.25mm=1.25mm
-P -PV
Bulkmodulus B=—+—+=—+-— (1)
(AV/V) AV
and AV =yVAT=3aVT or—=—— @)
R VAR Pt
Fromegs. (1)and (2), B=P/(3a.T) or T = P
3aB

When same stress is applied at two different
temperatures, the increase in length is more at higher
temperature. Thus T, > T,.
According to questions,

> Lo_p Y Als _

—:a’—_ =

>

9
Ly I, Yo Aly,

F¢ F¢
e S A=—
As, YN0 Ay
Al = 3mg/
s msz_yS [ E =(M+2M)g]
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12.

13.

14.
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Mg/,
ey, [ K =2Mg]

AL, =

3Mg/,
Alg ml.y, _ 3a
©AL, 2Mgly 2%
T Y,

() Weknowthat Y=FL/nr?(orr?=F L/(Y 1t ()

R =FL/(Ygn/) and R3 =FL/(Ygn /)

REZ Yg 2x10"
A T
RS YB 10

or R3 =2R3 or Rg =+/2 Ry

. Rg=Rp/v2

(c) F } _D_ - 7
122
| [

Shearing strain is created along the side surface of the
punched disk. Note that the forces exerted on the disk are
exerted along the circumference of the disk, and the total
force exerted on its center only.

Let us assume that the shearing stress along the side surface
of the disk is uniform, then

= | ommdA=cpy [ dA
surface surface

F= [ dFpy
surface

D
= Icmax A= Gmax.Zn(?jh

=3.5x10% x[%xlo_zjxo.?)xlo_z x 21

=3.297x10* =3.3x10*N

F/A

d) Bulk modulus is given by, k =
(d Bulk modulus is given by, AV/V
M8  hpg ( m )
= =—=_ |wp=—,V=Axh

A(AV) (&Y v

\V4 Y%
AV 0.2

Given, h=400m, 7= 100

and p=1x 103 kg/m3

16. (¢)

17. ()

o 400x10° x9.8
0.2/100
k=196x10"Nm>.

=196 x 10’ Nm2

4 4
- mnr
5 C2 =
20 20

Initial volume = Final volume

B 7t[r22 —r12 Up= nrzﬂp
== r22 —r12 == (ry +11)(1) —17)

=12 =(8.02+7.98)(8.02—7.98)
=12 =16%x0.04=0.64cm=1=0.8cm

LG n-n [8.021* —[7.98]*

c, [0.81*
< ﬁ 7
0 r )
Wire (1)
34 Y

«— /3 —>
Wire (2)

As shown in the figure, the wires will have the same
Young’s modulus (same material) and the length of the
wire of area of cross-section 34 will be ¢/3 (same volume
as wire 1).
For wire 1,
Y= F/A
Ax/?
For wire 2,

()

_ FY34
Ax/(1/3)
¢ F

F 14
From(i)and(ii),;XE—QXE = F'=9F

(i)

lateral strain ()
longitudinal strain (o)

Poisson’s ratio, ¢ =

For material like copper, =0.33
And,y=3k(1-20)

9 1 3
Also, —=—+—

y k n
y=2n(l+o)

Hence,n<y<k

EBD_71
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18. (b) Stress = 1 kg wt/mm? = 9.8 N/mm?

19.

20.

21.

22.

23.

@

©

@

)

=9.8 x 10% N/m2.

Al

Y =1x10"'N/m?, 7x100—‘>

Stress _ Stress
Al/Y

~9.8x10°
1x10"!

Strain
A_Z _ Stress
/ Y

%XIOO 9.8x107 1 x100x10°

=9.8 x 1073 = 0.0098 %

1, 2
W=k
_ 1 k 2
and WZ_E (x+)
W=W, - W, = Ly y)? L
2 2
1
:Eky(2x+y)
k
Here, ko =2
ere, ko ==
According to Hooke's law
Fp = xp
Fp k X,
Fo=*0=F, kyxy
Fp = FQ [Given]
X _ko 0
.
Xg Ky

1
Energy stored in a spring is U= 5

2
v, _kpxp kpx ky kQ { k _k_p}

2 2 - -
Up koxg kQ k;) 2 2

Up E
__9_ -

Y72 Vo= t]
Young's modulus Y = stress

strain
stress =Y x strain

Stress in steel wire = Applied pressure
Pressure = stress =Y x strain

Strain =

=2x10"1x1.1x1075 % 100=2.2 x 108 Pa

AL
-5 ¢ AT (As length is constant)

Let T be the tension in the ring, then
~ T2nr  Tr _YAR-1)
A2n(R-r) AR-1) =~ r

Ratio of radii riir, = 1:2

Ratio of area, 4,:4, = nr12 :nr22

24. ()

25. (b)

26. @

27. (a)

28. (¢)

Ay A4y,=1: 4
Now, Stress1 : Stress2 =4:1
So, Stram1 Straln2 4:1
L 4
- =—= 4l,=[ =8
L1 21
12 =2 mm

Increase in length of B is 2 mm.

dv

ﬂ=2><
vV

dL
—=(1+20)—
vV ( )L

2x1073 =4x1073

e

. Percentage change in volume = 4 x 1071 =0.4%

0="/>0=

Bulk modulus B = |

". Pressure, dp = B(

Given: F=

r® 6mm x 30°
¢_ oY

\(dv')\
A—J

v
0°N

100kN=1

Y=2x10"!Nm2

£y=1.0m

radiusr=

From formula, Y=

= Strain =

10mm=10"2m

Stress

Strain
Stress B F
AY

10° 10°

=0.18°

T w2y 3.14x107% x2x10'!

Therefore % strain = 518 x100=0.16%

is-371

For a beam, the depression at the centre is given by,

5 =[ fL ]
4Ybd>

[f, L, b, d are constants for a particular beam]

1e. d oci
Y
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F  4x98 5 35. () Potential energy per unit volume of the wire is given
29. p) K=—= 2:19.6><10 by :
X 2x10™
| _1 (Stress)2 _1 i
Work done = 5><19-6>< 10> % (0.05)* =245 2 Young's modulus 2 Y
30. (c) If ¢ istheoriginal length of wire, then change in length As stress, S= l;orce
of first wire, A¢; = (¢, —0) rea
change in length of second wire, Al, =({,—{) S = F (A
S, \BJLA
Now, Y=, t T £ .
? - A Agl - A AEZ ASF1:F2 (GIVCH)
T T T, T S F\(A A .
o —L=—2 o -2 1= (—l) (—Zj = (—Zj (1)
ALy Al =0 Ly—2 S, B JLA A
_ Tt =Ty, The two wires are of the same material, therefore their
or Tyly=Tye =Tyt —LTyor b= T, -T, Young's moduli will be samei.e., Y, =Y,
3 2 2
3. @ o= W , where W =load, ¢ =length of beam and I is W S = Ay
3YI u, S, A
geometrical moment of inertia for rectangular beam,
bd? ( 2)
I=—— where b= breadth and d = depth T (ﬁ) 27
12 | \2) | ( dy )
For square beam b=d (d1 ) 2 d;
x| 2L
b* 2
" Il =—
12 4 4
() _(92) _ (Z) _16 (9 L Given)
For a beam of circular cross-section, [, =| — d 1 1 d, 2
) 1 z
W12 4awel . 36. () Using Hooke’s law, F'= kx we can write
8 = = (for sq. cross section) _ .
3v b4 v b d=k(a—£,) ...
3 3 and S5=k(b— 1) ... (i)
and 8, = Wi _ 4w/ If ¢ be the length under tension 9N, then
3Y(nrt/4)  3Y(nr?) 9=k(l — 1) ... (iii)
(for circular cross-section) After solving above equations, we get
{=(5b—4a).

4 4
Now ﬁjﬂ: :3ﬂ_2rz:i
) b (mr”) L

(" b2=mnr?i.e., they have same cross-sectional area)

1
32. (@ Compressibility:m

Asbulk modulus is least for ethanol (0.9) and maximum
for mercury (25) among ehtanol, mercury and water.

L AV
Hence compression in volume —

Ethanol > Water > Mercury
33. (¢) The given graph does not obey Hooke's law. and there
isno well defined plastic region. So the graph represents
elastomers.

1 ) 3
34. (@) U/volume= EY xstrain” =3600 Jm

[Strain=0.06 x 1072]

37

38.

©

[
. b F=Y><A><z:>Focr2 (¥, I and and L are constant)

If diameter is made four times then force required will be
16 times, i.e., 16 x 103N
Young’s modulus of elasticity is

F/A

~AL/L

L
AY

S AL

L
So, AL oc—
0, N

ALy Ly A2 2,
AL Ly A, 101

AL2:4XAL1:4 Xx1=4cm

EBD_71
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44. ) As Y—Al = Al=—
hpg ~ 200x10°x10 9 /
40. d K= = = =2x%10 v
@ AVIV  AVIV 0.1/100 But V=AlsoA=—
41. @ Bulk Modulus = %2 FP2
: u ulu dv Therefore Al= —
. VY
dp=hpg=200x103x 9.8 Hence graph of Al versus 2 will give a straight line.
F 4x98
dv_01 45. ) K=—=—"""-=196x107
v 100 X 2x10”
200x10° x9.8 1
Bulk modulus :—OXI /10; =19.6x10°N/n?’ Work done = Exl9.6x102 x(0.05)? =2.45.J

42. (o) X

Foom F

com — ext

From the figure, it is clear that
F

com < Fext.
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