/\ Resonance

Solution of DPP # 7

Educating for better tomorrow TARGET : JEE (ADVANCED) 2015
COURSE : VIJAY & VIJETA (ADR & ADP)

(1) In arrangement—1, water of weight pVVg gas come out, but the buoyancy force is also equal to the weight
of displaced liquid. So, reading of weighing machine is W.

(2) In arrangement—2, weight of the ball mg is added, but water of weight p,Vg is removed so reading of weighing
machine is W + mg — pVg.
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From Fig.(a) h,A = volume of oil + some volume of ice

From Fig. (b) h,'A=volume of oil

= (h, —h,")A=some volume of ice > 0

= h, >h,'

Statement 3 correct

Pressure at bottom in fig. (a), is given by

= PO + poil hzg + pwater h1g
(PO +poi| h29+pwaterh1g) A =POA'*_W +W +W (I)

Similarly from fig.

oil water ice

(b)

(P0+poil h2'g+pwaterh1'g)A=POA+WOiI+W +W
poil h2l+ pwater h1' = poil h2 + pwater h1
= Poi (h; —h, )= Puater (N1 '~hy)

water

water ice (" )

Statement 2 is correct.

Now fallinlevel=|h, —h, |

andriseinlevel=|h,'-h, |

- Pai_ (h,—h,")<h,—h,")

water

= Fall is more

Statement b is correct

Upward force by capillary tube on top surface of liquid is

fu =4cacos 0

If liquid is raised to a height h then we use

4cc0s0

4cacosO=ha’pg or h=———— Ans.

apg
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10.

1.

12.

The only force acting on the body is the viscous force
Here de—V =-6mrv. =-—rv
dx
0

- Imdv:

v

—rdx

O ey X<

From the free body diagram of the sphere :
F,=4mg-2mg-F,
= F,=2mg-F,

_4 3(o_
= 6anrVvs= 3 5P 9

. 4 3
(since 4m = gnr X0o)

1r?(c-2p)g

= V=9 "

Let the density of water be p, then the force by escaping liquid on container = pS(,/2gh)?

2pSgh—upVg (ZSh _Hj )
pV BRRY

.. acceleration of container a =

Now -§ 'a—ﬁ
“'_V . _Vg

Viscous force = mg sin 0

\) \)
S nA T =mg sind or na? 1= a®pg sind
tpgsinba
n= Vv

Relative to liquid, the velocity of sphere is 2v, upwards.
.. viscous force on sphere =6nnr2v,downward
=12nnrv,downward

The force exerted by film on wire or thread depends only on the nature of material of the film and not on its

surface area. Hence the radius of circle formed by elastic thread does not change.

4T
(B) Inside pressure must be e greater than outside pressure in bubble. This excess pressure is provided

by charge on bubble.

P.
a_ o
r B 280
A T =
r T 16r?rt x2 U 4nr?

Q = 8nry2rTg,

A
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13.

14.

15.

16.

17.

Isothermal process.

(P1 +£j (inr?’j = (Pz +—
r 3 r/2

24T
+ —

1

P, =8P

2

Given:

Initial radius of soap bubble = R
Surface tension of soap solution=T
Final radius of soap bubble = 2R

j (%n(r/Z)?’j

The initial energy needed to blow the soap bubble is

E, =247 R2xT=8xR?T

and final energy needed to blow the soap bubble is

E,=2x47 (4R)2=327 R2T

Hence extra energy is needed is given by

E,-E,=32n R*T-8n R*T=24r R?T

Let v be the velocity of the movable plate and F is equal to viscous force

v, v
F=1Mh, "2 hon,

A, B,D

Hod+ P 3d=H x3d
2 2

Vefflux =4 29(H'—h)

V is maximum when h =H’/2

efflux

2gH
Vinax = %

Range R = Vg % 2(H-h)
g

2H

Rmaxz?
1 12 2

—+ —pv"” =—pv

A 2p 2p

AV’ =Av

F oc v?
P=F.vVv

Av = volume flow rate =

©to —
A%

W.D. = AK =

volume

h
. =0 h1=§

T 7771771711117

©)

D)

I L1771 71177711117
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18.

F, =6mmRV

drag
20
=6n - x0.1x5=10N
6n

F,+8=10
F,=2

19. Kx =V(2000) (10) -V (1000) (10)
10 1000 x 10]
= — X Kx
2000 [ V(1000) (10)
Kx =50N . (b) e Sl S
[
2
1 50 1 2500 lv<2000) (10)
Ustored - E x (100) (100} - 2 X 100 - 125J
20. S=0.5N/m r=10°m 0. =120° p =5 x 10% kg/m?
1 1
2Scos6 (2)[2J(_2J
hoo= c _ =102m =1cm
' rpg (1073)(5x10%)(10)
_ hmax
If h = 5
2Scos® 12Scos0,
rpg 2 rpg
= cosO = —Z
L1
0 = cos 4
_ hmax
If h = 3
2Scos® 12Scos0,
rpg 3 rpg
1 » 1
= cos0 = "5 0 = cos 6
2T cos0
21. h=
pgar
22, pgh=1/2 pv ? (1)
AP = pgh = 1/2 pv ? (1)
v,=3v, = Vv,2=9v 2
1 9 1 9
= PV =9 SPVi = AP + pgh = 9pgh

AP =8pgh =8 x 103 x 10 x 10 = 8 x 10° pascal = 8 atm

Educating for better tomorrow

‘ /\ Resonance

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 200 2244 | 1800 258 5555| CIN: U80302RJ2007PTC024029

(Raj.)-324005 \



23,

24,

25,

26.

Taking cylinder and the ball as system

4 4
=nmR*.p,,g+Ahpg= 37 R®.p,.9+Ah .pg

3 ....................................................
1/3 " I'm
_ {3A<h1pm —hp1)} P,
4n(py —pw)
using values

A=11cm? ; h =4cm ; p =1gm/icm? ;
p, =0.5gm/cm?® ; p, = 8gm/cm?

1/3

= R®=3/8

1/3
3x11(4x1-6x0.5) _(Ej cm
4{272}(8—1)

8
After oil isfilled up, pressure at the depth of lower end should equate if measured from inside and outside the
tube. Suppose depth of oil is x cm then :

10.em \Q/
(¢-x=10) : X |
: |
| 1
! Le-x):
=Ty

S—_——

1000.g. [(¢—=10)cm] =800 g. (x cm) + 1000 g[(/ —x)cm] = x=50cm

The coefficient of viscosity is the ratio of tangential stress on top surface of film (exerted by block) to that of
velocity gradient( vertically downwards) of film. Since mass m moves with constant velocity, the string exerts a
force equal to mg on plate towards right. Hence oil shall exert tangential force mg on plate towards left.

F/IA  125x1000/10x 20
(v—0)/Ax = (5-0)/.02

M= = 2.5 dyne—s/cm?

d
Magnitude of viscous force, F =nA d_\rl

dv

F__av
A Var

r’ dv 2V, r 2v,r
v=v0(1—— =N Pl Rg = o= N/ ... (i)

= viscous force per unit area c =

Volume rate of flow, Q
consider an annular element at r from axis, width dr.

2

dA=2nrdr; dQ = v.dA= v0(1 _?J 2nrdr

IS ) 2Q
Q=JdQ=2’W{E‘ﬁL=ERV° = V= Tq
Q
(i) = G=N_o3 rrR=0.1m
Atr=004m, o= (0.75)4x & x 102x —2 =6 Nm-2
’ 2 nx107*

A
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27. The F.B.D. of wire PQ is

The force due to surface tension = F . = 2T x 2 AD tan6

F., = (2T) 2AD tan@

Fe = (2T) 2(AD + x) tan0

- - - 4 - — — mean position
P Q p X—q
mg mg
Figure (a) Figure (b)

For wire to be in equilibrium (Figure (a))

4T AD tanf = mg

e (1)

If the wire PQ is at a distance x below the mean position, the restoring force on the wire is (Figure (b))

—ma = 4T tan6 (AD + x)

—mg = 4T tan6 x

Hence the wire PQ executes SHM

4T
a=—-—tan® x
m

comparing with a = — @?x

4T
®w? = — tanod
m

T

or

we get

o M _, _x10° =
"VaTtano ~ " \4x25x10°  5°

28.
2(2T/) cos53° = Kx
4T
Bk - X
29. F,=6muru
4
F,= %nr%g, mg = Enr‘?pg
2r2 (p-o)
mg—-F -F,=ma;u = 59—
g d B 0 9 n

¥

Ug

=

1 v

Js
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<2 e—r—>
A
}:E: 02m
30,  pag . r,=1.44x10°m. r,=0.72x 10 m.

.
PRI AR AR AR AR AR R AP R AR AR
e . R

Equating pressures at points (B) & (C)

2c 2c
P,— 7 +(0.2) pg =P_.. and PB—?=P

A Iy c’
1 1
so P,-P, =2c (E—E]+O.2pg
N | 10% 108
=2><72><10-3E 124 072 |*(0.2)x10°x 938
144 x(-0.72
= #072) +1960 = —100+ 1960 = 1860 N/m?2,

3. Profile of rotating liquid is given by

2h/3
y= ®°x?
29
w?a?
Puttingx=a, y= 29
2 (0232
ma~ X 5 2 9
Volume of liquid in fig. (b) is written as = Tg + a2 (h _ @23 J
g

Equating to volume in figure (a), we get

2h na2m2a2 (0232 4gh
2 2 g
a-—=— " +ma‘lh- —

T T { — 0=

Ay
;
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32,

29
He w’a?
29
2gh
0=,——
a2
y
33. Some base area will be visible. Let radius of visible base be ‘r’.
Origin shifts below base.
Putx=a&y=Hh h "
2,2 2
h
h'=&X =8i2xa—=4h
29 a 29 X
putx=r&y=h"—h=3h
h r?
3h=8g2 X — rzzga2
a® 29 4
21 2(h!
h r‘(h'=h 2
Vo =20 (e 2y O math
2 2 8
34 to 36
(i) By conservation of volume
4xh=4x2+2x1=10
h=2.5m
Pressure at top of the object
=P,+0.5x 1000 x 10
=1.05 x 105 N/m?
F=PA L
=1.05x10°x2=2.1x10°N
T
4 PA
By F.B.D. T+PA=mg=PA 'sm-_I """""""""
T=mg+ (P,-P)A
=mg—-(P,-P,)A A=2m’ I““ h
=2 x 2000 x 10 — (.2 x 10°) “PZA mg
=.4x10°5-0.2%x10°=0.2%x 10°N —
4m

F.=V.p,g

=2x1000x% 10=0.2x 105N

It is also equal to net contact force by the liquid =PA-PA
=0.2x 10°N
Note : Net contact force and buoyant force are same.
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37-39
The pressure of the water changes linearly with the increase in height. At the bottom of the meniscusiitis equal
to the external atmospheric pressure p,, and at the top to . The average pressure exerted on the wall is

Paverage = Po —P9N/2. The force corresponding to this value, for an aquarium with side walls of length , is

F1 = paveragefh .

Consider the horizontal forces acting on the volume of water enclosed by the dashed lines in the figure. The wall
pushes it to the right with force F,, the external air pushes it to the left with force F, n /h, and the surface
tension of the rest of the water pulls it to the right with a force F, = /s. The resultant of these forces has to be
zero, since the volume itself is at rest. This means that

(po —%pghj th—pyth+(s =0

which we can write as

he 2s _ /2x0.073 —0.0038 m
pg 1000 x10 '
water rises by approximately 4 mm up the wall of the aquarium.

(po —%pghj th—pyth+(s =0

2s 2x0.073
. . h= f_ =, [————= =0.0038 m
which we can write as g 1000 x10

40 to 42
For this type of parallel flow the shearing stress is given as
r=q M -
=1 dy (i)
For the given distribution
du 3Vy .
@ ST . (i)
(@) Along the bottom wall so that (from eq. ii)

du 3V 3V
@ = and therefore the shearing stress is Tootom = M Y

wall

(b) Along the plane where y = h/2 it follows from equation (ii)that

du -3Vy 3V

W =Tz and thus the shearing stress is | T |[=n——

2h -’

h 2
3V y
Rate of volume flow 2f7(1 —h—szy.f =2Vrh
0
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43,

Consider the FBD shown in the figure.

Force balance
= T,+T, =5pS/g

Torque balance about point P

= T, x20+pSlgx3/2¢-8pSlgx(/2=0

T,=11/4pS(g

= T, =9/4pS/g
9.,=9-9/2=49/2

_ _ _ nAv
F—mA—FO—FV—FO—T
F
A=—°—n—v=a—bv
m md

A
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vpg 2mg

45, (P) = 2mg
vpa
F,= \/E (2mg)
w.r.t. vessel
2mg
F.=mg 2mg
mg
(P)—1,3,4
Q) Fy=vp(g+g)=4mg
w.r.t. vessel
4mg
mg mg
(Q)-34
(R) Fs=vp(g-9g)=0
w.r.t. vessel
w.r.t. vessel
0 mg
mg vpg = 2mg
(R)-2
(S) F, =vpg =2mg 1200, 09
° 0( .\0'50(’\
F,=Vpg =2mg T 10
Fg= J(2mg)2 +(mg)? —2mgxmgx 2 x% Y30
Fy= 43 mg

F. J(mg>2 +(mg)? + 2(mg)mg)x

F.= 43 mg
(S)-3,4
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