Mechanical properties of solids and fluid
mechanics
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1. A steel wire having a radius of 2.0 mm, carrying a load of 4 kg, is hanging
from a ceiling. Given that g = 3.17 ms—2, what will be the tensile stress that
would be developed in the wire?

4.8 x 10° Nm 2
5.2 x 105 Nm 2
6.2 x 10° Nm 2

3.1 x 10 Nm2

Tensile stress in wire will be

Tensile force

mg

Cross-sectional Area

4 x 317

= Nm =2 = 3.1 x 10 Nm2.

mR?

7x4x1078
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2. A man grows into a giant such that his linear dimensions increase by a
factor of 9. Assuming that his density remains same, the stress in the leg will
change by a factor of

x) A L
81
x) c. 1
9
X D. 81
F
Stress = oree
Area

Let linear dimensions be [, b, h.

S_Force_ pVa
o Ixb  Ixb

Now, dimensions increase by factor of g.

, Force ma

9l x9b 81b

oV'a  p(9*V)a
 81xIb 81xIb

/

s 9V B
TS 81xl V

Hence, stress in leg will change by a factor of 9
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A pendulum made of a uniform wire of cross sectional area A has time
period T. When an additional mass M is added to its bob, the time period
changes to Ty,. If the Young's modulus of the material of the wire is Y, then
1/Y is equal to

- 2_
b4 B. . )] 4
T Mg
r 2
X C. ()] e
i TM Mg
v D. [T, 2 q
%) 4
e 1 b , I
Initial time period T = 27r\/3— ——(1)
When the additional mass M is added to the bob,
T+Al
Al is the extension in the wire due to mass M.
A= 22
T AY
\/H Mot
AY
== 27 I (2)
(2)? = (1)?
Tar\ 2 Mg
T) “1twy
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4. Speed of transverse wave on a straight wire (mass 6.0 g, length 60 ¢cm and
area of cross-section 1.0 mm?) is 90 m/s. If the Young’s modulus of wire is
16 x 10'' Nm~2, the extension of wire over its natural length is

v) A 003mm
X B.  0.02mm
X) C. 0.04mm
X D.  0.01mm
Given, M = 6 grams = 6 x 10> kg

L=60cm=0.6m
A=1mm?>=1x 105 m?

Using the relation, v> = —

w
M
=T =pm* =0 x —
L
t
As Young’s modulus, Y = 5 re‘?s
strain
. stress T
strain = = —
AY
2 M
: AL V' s M
strain = = =0
L AY AY L
AL VM
= —
AY
AL — 8100 x 6 x 1073
1x10°% x 16 x 10!
AL = 0.03 mm
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5. The normal density of a material is p and its bulk modulus of elasticity is K.
The magnitude of increase in density of material, when a pressure P is
applied uniformly on all sides, will be:

x) A

pK
p
x) B. &
pP
PK

x) C.
p
v) D. PP
K

Bulk modulus K =

A

We know, p = %
v
—A
So, . ﬂ
P |4
_p P
K pu— = p
< Ap) Ap
P
pP
Ap=—
P~k
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6. An object is located at 2 km beneath the surface of the water. If the
, . AV, , ,
fractional compression 7ls 1.36%, the ratio of hydraulic stress to the

corresponding hydraulic strain will be:
[Given : density of water is 1000 kgm % and g = 9.8 m s72]

X) A 996 %10 Nm 2
X) B. 196x10" Nm2
X) C. 144%10"Nm2

v) Do 144 %10°Nm™2
Bulk modulus,

Ap
AV
v
~pgh 1000 x 9.8 x 2 x 10°
AV 1.36
v 100

B =1.44 x 10° Nm™2
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7. Araindrop with radius R = 0.2 mm falls from a cloud at a height A = 2000 m
above the ground. Assume that the drop is spherical throughout its fall and
the force of buoyance may be neglected, then the terminal speed attained
by the raindrop is :

[Density of water p,, = 1000 kg m > and density of air
pe=12kgm 3, g=10m/s’
Coefficient of viscosity of air= 1.8 x 107> Nsm >

X) A 950.6ms?
X) B. 4356ms!
v C. 4.94 ms!

X) D. 144ms?

When the drop will attain terminal speed (v), the velocity will be constant,
thusa =0
= Fhet =0

F,(Viscous Force)

O |o=o

mg

From the FBD, we have
mg = F, = 6mnRv

9
2 % 1000 x (0.2 x 1073)? x 10

9x1.8x107°
400
= 21 m/s
=4.94m/s
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Two liquids of densities p; and p2 (p2 = 2p1) are filled up behind a square
wall of side 10 m as shown in figure. Each liquid has a height of 5 m. The
ratio of the forces due to these liquids exerted on upper part M N to that at
the lower part NO is (Assume that the liquids are not mixing)

x) A 1/3
x) B. 2/3
x) C. 1/2
v) D. 14

M
f//////%é}y/////ﬂr;} 1;1;11 =ﬂ5pg Let Py, Py and Py be the pressure at points
N%%NT 1; 1o J\;,an;Ores;ectivelyI.) ’

0
Pressure is given by P = pgh

Now, P, = 0(-.- h=0)

Py = py(5)
Py = pg(5) + 2pg(5) = 15 pg
(PL+ P)
Force on upper part, F; = —
(P2 + P3)
Force on lower part, Fy = TA

F 59 5 1

“F  20pg 20 4
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9. Anideal fluid flows (laminar flow) through a pipe of non-uniform diameter.
The maximum and minimum diameters of the pipes are 6.4 cm and 4.8 cm,
respectively. The ratio of the minimum and maximum velocities of fluid in

this pipe is:
v) A 9
16
x) B. ﬁ
2
x) Cc. 3
4
x) D. 81
256
From the equation of the continuity,
Aqjv1 = Asvs
Here, v1 and vy are the velocities at the areas of cross-section 4; and A, of
the pipe.
1
As, vox —

v Will be minimum at 4,,,.. and vice versa.

vminAmaa: = UmamAmin
Umin Amin
Umaz  Amaz

(48)2

7"' —

Umin 2 9
=

Hence, option (A) is correct.
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10. A leakproof cylinder of length 1 m, made of a metal which has very low
coefficient of expansion, is floating vertically in water at 0°C such that its
height above the water surface is 20 cm. When the temperature of water is
increased to 4°C, the height of the cylinder above the water surface
becomes 21 cm. The density of water at T' = 4°C, relative to the density at
T = 0°C'is close to:

1.26

1.04

1.01

1.03
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T IZG cm

100 cm l
0°C

Here,
hi =20cm : hy =100cm

S
N

When cylinder is floating in water at 0°C:
The buoyant force is given by,
Fy = A(h2 — h1)pog

= F, = A(100 — 20)pog

e
$21 cm

P
e

When cylinder is floating in water at 4°C:

= F, = A(80)pog

4°C

The buoyant force is given by,
Fy = A(h2 — h1)pag

= F, = A(100 — 21)psg

= F, = A(79)pag

As the buoyant force has to counter the weight (mg) in both the cases, the
buoyant force is equal in both the cases.

= A(79)psg = A(80)pog

P80 o
po 79

Hence, option (C) is correct.
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11. A hollow spherical shell at outer radius R floats just submerged under the
water surface. The inner radius of the shell is r. If the specific gravity of the

2
shell material is %w.r.t water, the value of r is

8
v, A. Zp
9
X B ER
9
2
X C. 2R
3
1
X D. R
3
In equilibrium,
mg = Fp
Here

4 4
Fp=Vpog = ?TR?’PwQ and m = pygVyer = EW(Rg' —7%)pog

4 4
m(R® —r*)pog = 2R’ pug

3 3
27
Given, relative density, 2
Puw 8
N (7’)3 27T
R) | 37"
3
s1-l o2
327
RS 2T 27
8
.1 =0.89R = §R
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In an experiment to verify Stokes law, a small spherical ball of radius r and
density p falls under gravity through a distance A in air before entering a
tank of water. If the terminal velocity of the ball inside water is same as its
velocity just before entering the water surface, then the value of h is
proportional to

(ignore viscosity of air)

v) A 4
x) B. ,
x) C. .3
x) D. 2
Using,
v —u? = 2gh

= 0> — 0% = 2¢h

= v = +/2¢gh

Termianl velocity,

2r*(p—o)g
T: .
9 n

After falling through A the velocity should be equal to terminal velocity

7"2 — 0
L. 1/2gh/: u

9 n
4 'g*(p — 0)?

= 2gh =
I 81 772

2rg(p — o)’
>h=—"8™/—/—
81n?2

=h x rt
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13. An Object of mass m is suspended at the end of a massless wire of length
L and area of cross-section A, Young modulus of the material of the wire is
Y. If the mass is pulled down Slightly, its frequency of oscillation along the
vertical direction is:

X A. f_ 1 mL
2\ YA

v ) B. f_i YA
27\ mL

1 /mA
X C'f

“ o\ YL
%) D. f_1 YL
2\ mA

An elastic wire can be treated as a spring and its spring constant is given

aS
<_>
..Y

L ' Al
1y,
Thus, frequency of oscillation will be

f—l k1 |YA
2tV m 27\ mL

Hence, (B) is the right option.

Copyright © Think and Learn Pvt. Ltd.




@oYUs

Mechanical properties of solids and fluid
mechanics

14. An air bubble of radius 1 cm in water has an upward acceleration 9.8 cm/s’.
The density of water is 1 g/cm3 and water offers negligible drag force on the
bubble. The mass of the bubble is (g = 980 cm /s*)

x) A 451 gm
X B. 3.15 gm
v) C. 415gm

x) D. 152gm

2

Given,r=1cm ; a=9.8cms"

pp=1gem™3 ; g=980cms 2
Fbunjrant
la
mg
drrd 4
Volume, V = 7;; - %x (1)® = 4.19 cm®
F, buoyant — TG = MaQ
Fbuoyant
=m=
gta
Voug  Vpo
g 1+ —
9

(419) x1 419
9.8  1.01
980

~4.1b¢g
1+

Hence, (C) is the correct answer.
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15. A cylindrical plastic bottle of negligible mass is filled with 310 ml of water
and left floating in a pond with still water. If pressed downward slightly and
released, it starts performing simple harmonic motion at angular frequency
w. If the radius of the bottle is 2.5 cm then w is close to: (density of water
10° kg/m3)

X A. 3.75rad s !
X B. 1.25rad s+
X C. 2.50rad s !

v D. 2.504/10 rad s !

OR -B
AT

X
TaAt equilibrium

=

. -

wing

By =mg
Extra boyant force = pAzg
From NLM,
mg — By — B=ma
. .B=ma=—pAzg = —(mr’pg)x
(112 pg)x
m

Using,

a = —w2a:

/ nrlpg
= W =
m

= w~~T79rads L.
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16. Two identical cylindrical vessels are kept on the ground and each contain
the same liquid of density d. The area of the base of both vessels is S but
the height of liquid in one vessel is z; and in the other, 2. When both
cylinders are connected through a pipe of negligible volume, very close to
the bottom, the liquid flows from one vessel to the other until it comes to
equilibrium at a new height. The change in energy of the system in the
process is:

X) A gdS(z}+a})
X B. gdS(z2 + z1)?
X C %gdS(:BQ — 1131)2

1
v) D. ngS(m —x1)?
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Initial potential energy,

x x
U; = (pSz1)g. 714— (pSz2)g. 72

B pSgz? . pSgz3
2 2

Final potential energy,
Ly pngfc
Uf:(pSwf)g.7x2: 5

By volume conservation,
Sz1 + Sxzo = S(sz)

1+ X2
2

CL’f—

When the valve is opened, change in potential energy will occur till the
water level become same, on both the sides.

NOW, AU = UZ —Uf

332 372

1 2 2
] =
<2 + 5 T

[ .2 2 2
Ty Iy T+ 22
— pSq | 2Ly 2
S R < 2 )]

AU = pSg

?—l— ?— T1T2

pSg S
2

S
- %xl — z5)?

Hence, (D) is the correct answer.
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bulk modulus of metal, B = 8 x 10'° Pa)
x) A
xX) B. 06
x) C. o

v) D. 167

Bulk modulus, B = ——
dv
%

If the side of cube is L, then,
V=1L
Differentiating both sides, we get, dV = 3L? dL

dV_3dL P
"V L B
dL. 1 P
= — = —X —
L 3 B
4 x 10° 1

 3x8x10° 60

dL 1
= —x 100 = —x 100 = 1.67%.
L 60

Hence, (D) is the correct answer.

Mechanical properties of solids and fluid

17. A cube of metal is subjected to a hydrostatic pressure of 4 GPa. The
percentage change in the length of the side of the cube is close to :(Given
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18. Aload of mass M is suspended from a steel wire of length 2 and radius
1.0 mm in Searle's apparatus experiment. The increase in length produced
in the wire is 4.0 mm. Now the load is fully immersed in a liquid of relative
density 2. The relative density of the material of load is 8. The new value of
increase in length of the steel wire is:

3.0 mm

4.0 mm

5.0 mm

Zero
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TT fB
T 1
Mg
l Mg l
Using —=Y - %
Alx F———(1)

When the load is suspended,
T = Mg

When the load is fully immersed in the liquid,

T'"=Mg—feg=Mg——p-g
:>T’:( —ﬁ>M
Po
2
=T = (1——>Mg
8
3
=T =-M
1 g
From equation (1)
Al T 3
Al T 4

[Given:Al = 4 mm]|

,',Al’:%~Al:%X4:3mm

Hence, option (A) is correct.
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19. The top of a water tank is open to air and its water level is maintained. It is
giving out 0.74 m?® water per minute through a circular opening of 2 cm
radius in its wall. The depth of the centre of the opening from the level of
water in the tank is close to

X A. 6.0 m

v) B. 48m

X C. 9.6 m

X) D. 29m
Volumetric flow rate through circular opening is given by-

Q= Av
[where @Q = water flow rate, A = area of opening and v = velocity through
opening]
= E: v = (1 x 4 x 107*) x \/2gh
74 x 100 740
= 4/2gh = ——= /2gh = —
2 2407 Sy
4 4
L oggh— TAOXTA0 o
24 x 24 x 10
74 x 74
= — 4.
h= e AT

i.e., The depth of the centre of the opening from the level of water in the
tank is close to 4.8 m
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4
20. A wooden block floating in a bucket of water has gof its volume

submerged. When a certain amount of an oil poured into the bucket, it is
found that the block is just under the oil surface, with half of its volume
underwater and half in oil. The density of oil relative to that of water is-

X)) A o5
X B. o8
v, C. 05
X D. o7

When no oil poured :

4V
Mg = (?> Puwg

4V
Vg = <?) Pwg

4py,
L VW

After pouring oil into the water :

Mg = Fb1 +Fb2

(pV)g = (%) P oild + (g) Pug

3
= Poil = gpwater

P oil — 06
Pswater

Hence, (C) is the correct answer.
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21. In an environment, brass and steel wires of length 1 m each with areas of
cross section 1 mm? are used. The wires are connected in series and one
end of the combined wire is connected to a rigid support and other end is
subjected to elongation. The stress required to produce a net elongation of
0.2 mm is

[Given the Young's modulus for steel and brass are respectively
120 x 10° N/m’and 60 x 10° N/m’]

X) A 12x10°N/m’
X) B. 40x10°N/m?
X) C. 18x10°N/m?
X) D. 0.2 x10°N/m?

v ) E. None of the above
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Given:
The Young's modulus for steel Y, = 120 x 10° N/m?, I, = 1 m, A, = 1 mm?
The Young's modulus for brass Y; = 60 x 10° N/mz, I, =1m, Ay = 1 mm?]

/)
7
_ /]
Alpet = 0.2 mmg Brass Steel o
Y
1€ >< >
1m 1m
Young's Modulus is given as
_ Stress
Al
L
Let o be the stress
o ol

Y = = Al= —
(5
[
As per the question
Total elongation Alpe; = 0.2 mm

:>0L1+0L2_02

v, Y, 0T

LI 0.2 (L =Ly = 1m]

—+ — | =0.2mm Li=Ly=1m
o T oLy 2
o—02mm | 22 ) — 092 x 103 x [ 1220X60) g

Y, 1+ Y, 180
s N

Copyright © Think and Learn Pvt. Ltd.



O [CER

Mechanical properties of solids and fluid
mechanics

22. A cubical block of side 0.5 m floats on water with 30% of its volume under
water. What is the maximum weight that can be put on the block without
fully submerging it under water? [Take, density of water = 10° kg/m3]

X) A 46.3kg
v) B. 875kg
x) C. 654kg

x) D. 30.1kg

Given:
Side of the block = 0.5 m

Submerged volume= 30%

We know that according to Archimede's principle when a body floats then
the weight of the body = upthrust

30 .
- (50)% x 100 > (1) x g = Meypeg ... (%)

Let m mass should be placed on the cube , then
(50)% x (1) x g = (Mewpe + m)g ... (39)
Subtracting equation (i) from (ii), we get

= mg = (50)3 x g(1 —0.3) =125 x 0.7 x 10® g
= m = 87.5 kg

Hence option (B) is correct.
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23. A submarine experiences a pressure of 5.05 x 10° Pa at depth of d; in a
sea. When it goes further to a depth of ds, it experiences a pressure of
8.08 x 10° Pa. Then dy — d; is approximately

(density of water = 10° kg/m3 and acceleration due to gravity = 10 ms~2)

v) A 300m
x) B. 400m
x) C. 600m

x) D. 500m

Given:
Pressure at depth of (d;), P = 5.05 x 10° Pa
Pressure at depth of (dy), P, = 8.08 x 10° Pa.

Density of water = 10% kg/m”

Now, absolute pressure at some depth in sea,
P, = Py + pgd:

P, = Py + pgds

Pressure difference,

AP =P, — P, = pg(dy — d;) = pgAd
= 3.03 x 10° = 10% x 10 x Ad
= Ad ~ 300 m

Hence option (A) is correct.
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24. The elastic limit of brass is 379 MPa. What should be the minimum diameter
of a brass rod, if it is to support a 400 N ?

X A. 1.0 mm
v) B. 116mm
X C. 0.90 mm

X) D. 136mm

Given:

elastic limit of brass = 379 MPa
Load to be supported = 400 N
We know that,

St = —
Tess = —

_400><4

= 379 x 10°
wd?

Lo 400 x 4
379 x 10%7

d~1.16 mm.

Hence option (B) is correct.
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25. Water from a tap emerges vertically downwards with an initial speed of
1.0 ms! . The cross-sectional area of the tap is 10~ m2. Assume that the
pressure is constant throughout the stream of water and that the flow is
streamlined. The cross-sectional area of the stream, 0.15 m below the tap
would be :

[Take g = 10 ms 2]

X) A 95107° m?
v) B 5.10%m?
x) C. 5.10%m?

X) D. 15107%m?

Given:

Initial speed v; = 1.0 ms™!

Cross-sectional area of the tapA; = 10~* m?
h=0.15m

Using Bernoullie's equation
1 1
P+ §pvf+pgh:P+ 5,01/%4—0

:>v§:vf+2gh

$v2=1/v%+2gh

Equation of continuity

Ajvr = Asvg

(107%) x (1 m/s) = (As) <\/(1)2 +2 %10 % %)

1074 x1=A45x2

1074

5 —5x 107° m?

LAy =

Hence option (B) is correct.
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26. The value of tension in a long, thin metal wire has been changed from T; to
T5. The lengths of the metal wire at two different values of tension 71 and T3
are [; and [, respectively. The actual length of the metal wire is :

v) A Tl — Tl
AN b
x ) B. Tyl — Trly
AN b
2

X D. \/T1T2l1l2
We know that,

_ FL
 AAL
Tl Tyl
N Y — 1% _ 200
Al —1lo)  A(ly —lo)
Tyl Tylo

(i—lo) (2—l)

- T(ly — L)
Ty(ly — o)

Toli—Thlyg = Thlo—Thly
(T1—T3)lp = Thlo—Toly

 TiLb-Tl
Lo = T T,

Hence, option (A) is the correct answer.
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27. Two wires of same length and radius, are joined end to end and loaded. The
Young's modulii of the materials of the two wires are Y; and Y>. The
combination behaves as a single wire whose Young's modulus is :

x) A y__2n¥
3(Y1+Yz)
Yi+Y,

x C. Y:&
2(Y1+Y2)

X D. Y = Y,
Yi+Y,
For two wires joined in series Al =11 + I2

F
Fl
i:> Al =

Now, Y = = ==
AY

[

Equivalent length of rod, after joining is = 21
As, their lengths are same and force is also same in series.
Al — All —|— Al2

Flg  FI L P
AY, AY1  AY

2l l+ l

Y v %

Solving the above equation, we get,
_ WY
Y+ Y

Hence, (B) is the correct answer.
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28. Two narrow bores of diameter 5.0 mm and 8.0 mm are joined together to
form a U-shaped tube open at both ends. If this U-tube contains water, what
is the difference in the level of two limbs of the tube.

Take surface tension of water, T = 7.3 x 102 Nm ™"
angle of contact = 0

g=10ms?

density of water = 1.0 x 10° kgmf3

X A. 5.34 mm
X B. 3.62 mm
x) C. 497mm

v) D. 219mm

di = 5mm, dy = 8 mm
T=73x102Nm!
6=0°

g=10ms 2

p=1.0 x 10° kgm *

The level difference between the two limbs of the U-tube will be equal to the
difference between the capillary rise in the two limbs.

2T cos 0

) rpg
2x7.3x107“x1
Sohy = = 5.84 mm
2.5 x 1073 x 10° x 10

Now, the capillary rise is given by, h =

2x73%x102x1
And, hy = = 3.65 mm
4 %1073 x 10% x 10

.. The level difference is,
Ah =hy — hy =5.84 — 3.65 = 2.19 mm

Hence, (D) is the correct answer
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29. Two blocks of masses 3 kg and 5 kg are connected by a metal wire going
. .24
over a smooth pulley. The breaking stress of the metal is = x 10> Nm 2.
o
What is the minimum radius of the wire?
(take g = 10 ms—2)

x) A 125cm
v) B. 195cm
x) C. 1950 cm

x) D. 195cm
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Let the tension in the rope is wire is T' and accelerations of the blocks is a
as shown in the figure below.

"/

TA
a pBkz] T
@Ela

For 5 kg block :
5 —T =5a...(1)

For 3 kg block :
T—-3g=3a...(2)

From (1) and (2) we have :
a=25m/s>,T=375N

Now the minimum radius of the wire can be calculated using :

Breaking stress =
min
Breaking stress = —
772
T

r? =
Breaking stress x w

37.5

"= ’ 24 )
w —xmx10
T

= r=0.125m =125 cm
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30. Four identical hollow cylindrical columns of mild steel support a big structure
of mass 50 x 10° kg. The inner and outer radii of each column are 50 cm and
100 cm respectively. Assuming uniform local distribution, calculate the

compression strain of each column. [use Y =2.0 x 10" Pa,g = 9.8 m/s2]

v) A 960x1077
x) B. 360x10°8
x) C. 187x10°

X) D. 707x10
Given mass of the structure is 50000 kg

m
From symmetry weight acting on each column is F' = 9 _ 125 x 10° N

, Al F
From Hooke's law compressive straign is given by € = T I

Here A is Area of cross section of column
i.e. A= m(1)? — 7(0.5)*> = 0.757

On substitution we get
125000 250000
€ = ~

— = 2.6 x 1077
0.75m(2 x 10')  3x(10'!)
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