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UNIT # 04 (PART-II)
MEC A
EXERCISE -I 15. Increase in energy (UL I
0 1x10~ _leL_(5><10)2><0.2= 95105 J
3. ¢=r7: : x 0.8 = 0.004 radian 2AY 2x10™x10"
E 17. F_=2T¢t=2 75 15=225N
4. Stress (UI0O0O) = A
for breaking the copper stress should be same ie. | 18 F -4uT = T= Fo = 4 =1N/m
O - dme dnxlow
F _ F, N F - F, _=F, =4F 19. Initial surface energy (UIIIIIOITOI0C OICOY)
A, A, AR®* m4R =2T 4m? = 8ne?T
Final surface energy (JIUOCOI0IO0)
6. M=l =2 T 4n@2=32 m°T
AY So energy neeeded (J0100000D)
= 32 nr?’T - 8nr’T= 24nr®T
8. Volume = constant = A L = constant
A 1 N FL Al L 2 20. ASE = 47IR2T (n1/3—1)
SAc— A= — = oc— o 2
D
L AY A = 41‘CTT [(27)3-1] = 2rD?T
2 (J2Y’
o M_ijﬂlg_lx%:lxkﬁj 1 4T a1
AY A!éz I“Z rl 2 1 22 excess; _R_; excessy _R_
1 2
Pues)y R, R, 1.01 1
10, apFL___@x10)x11 o :—EP ;1=R_2:>R_2=_102=5
: TAY 1x10°x1.1x107 ™™ ecess)p  T1 B
vy Rf 8
11. Increment in length due to own weight So ratio of volume v = R = 1
{0 0 ) 2o
2T
Al = mgL _ng2 _1.5><9.8><(8><10’2)2 23. P =P + o
2AY  2Y 2x5x10° ,
- - 2 10°
9.6 107'm = 1.013 105 + X7100—10:1.0144 10° Pa
AV 0.004 AP ( AV) -y sy ] _ _
oY TP L R - B|-— 24. r = I 0| herer =r1,,s0r =
12. V 100 (_ﬂ] = AP v common r2 _rl 1 2 common
v 25. 1, =241 =32 +4% =5cm
. 0.004 g 1
= 2100 10 100 /)~ 84 kpa 29. atmoon g = 6 height h ocg
3 K__AP___hpg  200x10°x938 30, po 2tes® b T, d,_60,06_9
. _[_AV]_(_AV)_ [Ej rdg h, T, d, 50 0.8 10
\Y \Y 100 31 o h= 2T cosO
- 19.6 10° N/m? i e rdg
so water rises maximum height i.e. length of the
) ) W/ 1 capillary = 30 cm
14. W= _F M:%i\]; =W o L; —l=—l=§ CUiUooroobooiiomiiUmorodmona
£ U000 = 30 cm)
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33.

34.

35.

36.

37.

38.

39.

41.
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Density of water at 4 C is maximum so water rises

2T cos0
rdg

ol 0 R O W

in capillary is minimum by h=

2Tcose

O0IIo000I000h 00000
h h
= cosd) cos45° =V2h

density = mr?hp

M, 2,
> hr = constant = M oc r = M, r

Mass of water M = volume

_2AT 2x107%x70x107°

= =28N
t 0.05x107°

2x75
0.05x107" x1x1000

2T 2T
hpg——:>h rpg

=30 cm

Let mass of gold is m then mass of copper =210-m

U0 OIoIo O imUOOI0IOdI00(210-m)

upthrust = loss of weight (JIIOIDOIO00=0000 00000
= 210g -198g = V, p g = 12g = V,_= 12 cm?®
Total volume (U LIUIN)

_ m +210—m:12:> m +210_m:12
Pgold Peu 19.3 8.5
= m = 193.

So weight of gold (UULOIIULI)= 193 g

Force on bottom = Pressure

QoionooEDol oao
((md?)

“hpg ()
force on vertical surface (OO OOOTO0I00)
= Pressure area (U.0] OIO0O0)

:[hﬂ]x[@] _h’pgxnd
5 > P

.+ according to question ({0000

area

(ii)

nd® _bh'pgxmd _ _d

hpg ===, 2
Pressure on the wall (I0I0N 0D 228

Net horizontal force (JUIIIIIOM)

_ h®*pgo

=P
2

42.

43.

44.

45.

46.

48.

49.

50.

51.

52.

Pressure at point A = Pressure at point B

(UI0AOIOOE=IOIBI00I0m

=hp g =25cmp

oil water

25x1

25 cm

=31.25cm

= h=

= height difference

(W)
=31.25 - 25 = 6.25 cm

h
Total force =P A = % (h L)

1x10°x9.8
=% 12 =98 10°N
Work= APV =(3 105-1 105 50000 =10'J

Barometer read atmospheric pressure.

(AN e

4
hp g) - nr’=P_ n(2r)3

PV, =PV, =P, * 3 3
=>hpg=7P,_

- P, _=Hpg= hpg=7Hpg=h=7H
Weight = upthrust = mg = (3 2
= m = 60 kg

102 10% g

Upthrust = V, p g = 100 g-wt
weight of water and jar= weight + Th
= 700 + 100 = 800 g-wt

In balanced condition (DDDDD Qonnon D)

\Y%
Mg = Th = 6g = gpwg...(i)
and (6+ mjg =V p g ...(ii)
from equation (i) and (ii) 18 = 6+tm = m = 12 kg

w, 210 )
T 210-180 ~/g/cm

Density of metal= W, —w,

density of liquid

w,-w, _210-120 90 ,
210-180 30 ~39/cm

WA _Ww

Let mass of cube is m and side is a then

oS A A S 0 A A )
(m+200)g = a’p g ..(0)

mg = a*(a-2)p g ...(ii)

= a*a-2) p, + 200 = a° p_

= a?=100=a =10 cm
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55.

58.

59.

60.

61.

63.

64.

67.

68.

72.

Reading of spring ({JU0C 0T 0I000)
= Mg - Th = Mg - V.p.a

1000 x10°°

=12 -
2

10* 10 = 7N

Force due to pressure difference = AP A

(R A
In balanced condition (DDDDD Qmoomon D)
=mg = AP A

mg

3x10* x10
= Ap= 8o 2XZ X

A 120 = 2.5 kPa

For horizontal motion (LI IO LIION)

1 1
P + Y pV12=P2+§ pV,?

1
=3 1010° + = 10°V,?

SV2=4 102 >V, =20 m/s

4

v _ mpr
dt 8n/

Velocity of efflux (UZOOIOIOD)

= {2gh =42 x10x5 = 10m/s
rate of flow DOUOIUIIID

=Av=(1 10% 10 = 10 m3/s

V2 = V22gh=22 + 2 1000 51 107=1024
V, = 32 cm/s

Rate of flow (ULIOIIN= Av = nr? \J2gh

=314 1 +2x1000x10 = 444 cm3/s
Viscous force (U1 00)= 6mnrv
=6 314 18 10° 0.3 101! 10?
=101 .73 10 dyne
m, =m, = Vd =V,
dv, mpr* n; V,t, dit,
— :> —_— =
Rate of flow dt 8n/ n, Vi, dt,

Radius of big drop (JOIOOIOIIOI)
R = (1,1)1/3r = (2)1/31‘

1 2
v R _

U (2)%% = 4173

EXERCISE -II

[u—y

Stress (JI000)= % .

ATEULAREANTARANNANANS

Tension in wire at lowest position

(U0000TOImomoTIDIoomy

T = mg+tm?r

: _ FL _ (mg+mo’L)L
So elongation (U00T) Az = N oy

Tension in wire ([IlJI00I0)= mg = 10N
so elongation (UDDD:D)

FL _ 10x3
AY 10°x10x10"

= 0.3 mm

Spring constant of wire (U] OI00IO0IIO)= %

So effective spring constant (UL IIOOC [OOCIO)

kYA
kk, _ 1 _ kv
= k, +k, L YA KL+YA

L

k

Time period (D:DD D]D)

m m(kL + YA)
B e L4
K ¢ kYA

=27

FL Al L

Ag:—j—:—:
AY F/A Y Slope of curve

L (4-2)x10° _1 40
Y (8000-4000)x10° 2

L=1.Y=2 10°N/m?
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Acceleration ((U[)a = F
m

— dxe—

T¢— —>T —F

“—xX—>

mx F Fx

then tension in dx = — x—= —
/ m !

Tdx _ Fxdx
AY AY/

Extension in dx element =

0

total extension Al = I
0

Fxdx B 14
AY/! 2AY

FlLl _ F2L2
e Agl = AZZ = AlYl A2Y2

F, x30x107 F,x20x107* Lp 232,
T 16x2x10°  10x10° 1715

in balanced condition F + 2F, = 5000 g

[ 5000 kg |

N
EVMY ME WE

15
F, = 5000 g = F, = 2580 g

=>F +

So stress in steel rod ((0ILIUOI0IOIOON)
F _2580g ,

=A1 T 16em® 161.2kg/cm

Surface tension does not depend on surface area.

CooioforoimoiOoniTofrromom9

In balanced condition (UUOOI LZIIIIIOC0)
mg = 2mr'T

mg 75x107* P
: =22 _125x10
M S T 10 eem
Ab—h - 2T 2T :ﬁ[l_l\
rdg rdg dg\ny 1,
_ 2x72 (i_gj
1x980\05 1) 0:293em

11.

13.

14.

15.

17.

18.

Potential energy (DDDDD 0 D:)

pg
2

according to Zurin law rH = constant = u, = u,

N | T

H 2 2
= mg =(nr*hp)g (rh)

For uniform radius tube in balanced condition

A AN B

r

but weight of liquid in tapered tube is more than
uniform tube of radius r then for balanced condition

UO0000rooDooo Onri iditrtoooodm
0 R [ )

2T

l’1<l’1131’1<rp_g

For spring balance A (JU0I0000IAIONON)
= Mg -Th = 2g - Th

for balance B ((J0UIUUOOIBILIIOL)
= Mg + Th = 5g + Th

Due to extra water, extra upthrust act on the steel
ball so ball move up.

Ao OO O OO O oo oo
N A WA O

Acceleration of ball in water (U1 0100I 0N IOOD)

_netforce Th-mg V(d-D)g (d-D)g
~  m  m VD D
Velocity at the surface (UUOIOOIO0)

v = v2ah = Z(d_D)gh

When ball come out from water then g act on the

ball so height in air (JUIOOIC0OIOOIOUIOMIO0
00000 I0T0moInNnIn U
R e bl

Let V, volume of the ball in the lower liquid then
(0iv, 000000 oid o000
Vpg=Vpg+(V-V)pg

ﬁ_ P—P1 _ P1—P

=Vglp-p)*Viglp, - p) =7 = P2 —P1  PL—Pa
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19.

20.

21.

22.

When the ball is pushed down, the water gains
potential energy, whereas the ball loses potential
energy. Hence, gain in potential energy of water

O A A
goimoooornoIoooooromb Ui tor Codmon

007Dy = (Velrg - (%p) @rj o

(When half of the spherical ball is immersed in

3r
water, rise of c.g. of displaced water = g)

L R
i)

[l—i)—inr3 r X1_3_1_3m4
= Vprglt Ty ) T3PS g T RS

Loss in PE of ball = Vp'rg = %nr“p‘g
R

13
Work done = — mripg - —mrip'g

12 3
13 4p
=nr'pg 13 _4p
12 3p
13 4 5
= rpg| 2~ 2 % 0.5 | = > mr®
mpg[m 3 }12mrpg

According to equation's of continuity

OIDOI00I00IIO0D000) A= Ay,

2
(nR?Y) v = n(mAy' = v = _[_j

AP = p(g sin 6 - ugcosB)? ...(i)
AP = pg cos O h ....(ii)

Both should be same

h
—=tanO-p >tandp=tan O - p

14

Velocity of efflux of water (UOUIUIOO0)
h

- (Jes(3) e

Force due to ejected water

()
dp dm

= — = — y= — 2
at at v=p(av)v=pav

Torque of these forces about central line

O A T
=F 2R+F 2R =4pav? R =4p aghR

23.

24.

Given ZCOD=Q

G, & G, be the center of gravities of two liquids,
then
ZAOC = 90 = ZCOB

ZAOG, = 45
ZG,0D = 45 -0
ZCOG, = 45

ZG,0D = 45 +0

Net torque about point O is zero
= rm,g sin(45 -0) = rm,gsin(45+0)
svsin(45-0) = ovsin (45+0)

s sin(45 +0)

6 sin(45-0)

s sin45cos0+cos45sin0

6 sin45co0s0—cos45sin0

s—0c cosO+sin0—cos0O+sin0

s+0 cosO+sin®+cosO—sin0O

S —

c
=tan®
s+o

0 =tan™ (ﬁj
s+0O

From right Limb
PA - Patm + hp g

— g —
N H;igi;i;i;

l l
P.=P, + pa 5 +(2p)a§

3 3
- PA + Epa[ = Patm + hpg + Epa/ ....(i)

From left limb P. = P + 2pgh

3 3a£
= P, +hpg + Epéa =P+ 2pgh= h = Z

66

5.p65

nodeb\E : \Data\2014\Kota'\JEE-Advanced \SMP\Phy\Solution\Unit 3 & 4\04-Fluid Mechanic:



node6 \E : \Data\2014\Kota \JEE-Advanced \SMP\Phy\Solution \Unit 3 & 4\04-Fluid Mechanics.p65

25.

26.

27.

28.

29.

30.

31.
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In pure rolling acceleration of the tube = 2a

(I0I0ROrUonONOIoomw,
=

P, =P+ p(2aL (from horizontal)

P, =P+ pgH (from vertical)
_gHd
= a oL
‘ F,
Torque about CM F, Xz= lat am
= M: (nrzlipg)Z _ nrzﬁng g
41 41 41
v, =+/2gh, v= ZQL =Y
’ ’ N

Rate of flow = Av
Volume of water filled in tank in 15 s

15
v=[a ><10[1 —sinlt}dt
) 30

15
:10A[t+°°s“/t} :10A[15—£}
/t 0

T T

height of water | I—L—[w—&}
elg. Ol water level = 1OA T m

The free liquid surface between the plates is
cylindrical and curved along one axis only so radius

of curvature (UL TIO00I00IONDOCIOONIO00TT
OIIOooimoiboroouoortOomiundinban
0o

_ s 2s
r= E and P, - P = ?_F =
As the cork moves up, the force due to buoyancy
remains constant. As its speed increases, retarding
force due to viscosity increase. The acceleration is
variable, and hence the relation between velocity
and time is not linear.

{0 e o
N
(00 DUDo0IDOoodioiimoroirmotorog
OI0IIO0On0TIO

P.-P,=/{paand P, =P, +h pg
P, - P, = hpg + /pa

When the levels equalize then the height of the liquid
h, +h,

2
O M A MY W A

_ h, +h,
2

in each arm =

aoms

34.

36.

40.

41.

Transferred length of liquid (JUILIIDIOTONO000I)

. _hith, _h-h

1 2 2
Transferred mass (D[U[DHDDUDDD DDDDUD)
h1 — hz
= ( 5 ) Ap.

Loss in gravitational potential energy

(IR

2
h, —h
= mgh =( 12 2) Apg

Mass of the entire liquid (D]DD]:DDDD DU:DDDD[D)
=(h, + h, + h) Ap

If this liquid moves with a velocity v then its KE
O )

1
= E(hl + h, + h)Apv?

h, —h,)\? 1
:( P 2) AP =3 (h, + h, + h) Apv?

8
2(h, +h, +h) |

v2a(x+h) .

Let cross section area of hole is a then rate of flow
dOmoortnoooOmittEImItOonOrol= av

force = v(avp) =apv?

=Vv= hl_hZ)

v, =+/2gx and v, =

<

v

- F, =apv® and F, = apv,?
Net force JOLIOOD
-F,-F) -
= 2apgh

ap (v,2 - v,3) = ap(2g (x+h)-2gx)

2

In floating condition UM OO Oy
weight = upthrust ([0]=00I0OI0O0O)

AJ (AL) [ABL]
=| 2L |Dg=| 2= |2dg+| ~2=d
(5 ST 5 4)C 54 )
_p_4,3d_5d

2 4 4

Viscous force = weight (DD:D]DDD=D DUUD)
v v
nA T mg sin @ = a2T= a’pg sin 0

apgtsin®
n=—p
Y

Net viscous force (LUI00MIO0)

=2F =2 Ad—V R
= Y = T] dX FV<_

0.5

wF=1IN=1=2n m

(0.5)

=>n =25 102 kg-s/m?
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43.

46.

47.

51.

VTOC(pB_pL)
vy (10.5-1.5) i l
v; (19.5-15) 18 2
v 92 o0
=S 5 = 5 .1 m/s
mg
Tension in B = T, = ?
mg
Tension in A =T, = T, + mg = 5
- T, = 4T,
T
Stress = X:F

Wire breaks when stress
= Breaking stress for r, = r,

(I00000oIomoo-:, = v, 0H000I000)
= s, =4s,
.. A breaks before B

TB

for r, =2r, > s, = mg

T, 4T,

w?  n2r,)

Sp =

2

.. stresses are equal so either A or B may break

(N AR I I = A

The angle of contact at the free liquid surface inside
the capillary tube will change such that the vertical
component of the surface tension forces just balance
the weight of the liquid column.

(N
QOMoomNromoroOOnOoomomod
R A AU A

If one surface is pushed down by x the other surface

moves up by x.(L000I000IOIII0ID0OMOOD
JII0O0o 0RO 0I0nIa oy

Net unbalanced force on the liquid column
(0ID00TONOOIDODIO0IO) = 2xApg

mass of the liquid column = /Ap

(0DUOMmIROm,

= -2x Apg = (lApla = a = (__J X

2 27 l
Caz - = 0= —93T= —=2n,|—
\ /7 ® \2g

EXERCISE -III

1.

Comprehension # 1

g/2

d_y_ ax _ —
dx a,+g -g/2+g

....(effective g will be g - a = g/2) 6 = 45

As the slope of free surface is 45 .

(00000l D00l Oriies OO

40,9
(2,2
----------- - 2m
| asy []
@,0) X

Thus free surface passes through centre of box and
having co-ordinates (2,2) at top of box.

(i
QI0MID O0o00r0le,2104

Length of exposed top part = 6-2=4m.
(00O OO oo O OOy

P =P + pgh =10° + 1000 10 1
=(105+10% N/m? =0.11 MPa

p = (10° + 10®* 10 4)N/m?
= [0.1 + 0.04] MPa = 0.14 MPa

As maximum slope of free surface is 1/3 for the
condition of non-exposure of bottom of box, then

0 O I W W R A
Q0000000 /3000

a, _1
3 as a = g/2, 3ax=ay+g

ay+g

ay=g/2, thus g/2 upward.

t
! -
l|<—6—>|ax
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Comprehension # 2 2. Rewriting the equation as
1. F = pA(V,-0)21- cos 180 ] P, + p(20)g = P, + 10(1.5)g + h(Zp)g.
= 2pAv>=2 1000 2 10* 10 10 = 40N From here we can see that h will decrease.
2. F = 2pA (V,~u)? u = speed of cart Comprehension # 4
u ¢ 1. When the string is cut, tension becomes zero i.e.,
md_: 2pA(v,-u) J.d—uzzmj.dt net upward force on the block becomes W/2 or
dt o (Vo —u) 0 net upward acceleration of the block will become

g/2 or 5 m/s2.

R A M
QoIOoIoIomuoioiw 22000t Lo
{ . } 2pAt 00 O OO0 0000 g /2 D05 emys2] 00

V,—u

- m
N f= s 2><
ow, -
11 Ve E

L _ 2pAt 4t n
Vo—u 'V, m 100 -

2pA 2><103><2><104 4
m 10 ~100

2. If weight is doubled then obviously upthrust will also
- l become two times, because weight can be increased
2 only by increasing the volume by two times. When
= - two out of three forces acting on the block have
Vomu=2 v T8 m/sec doubled then tension will also become two times
to keep the block in equilibrium.

1 4.1

= — =
at t = 10 sec —» V,—u 10 10

3. F=2pAV,- up

2 10° 2 10410-8) ot oIoirooitnoiomoiinrobomno
=2 10° 2 10* 4 [ooroIoholooIdmoithiohoiooo

F [0ooi0nonronoibooito Crrooiirinton
a=q =016 m/sec? Oo0T 00000ttt fnoooim brnidoorn tonm

1000000
1 1 4t 1 1 4t

4 . . F 2F=3W
© V,-u V, 100 8 10 100
:i—i t=1.6
80 100 = O %¢¢ l 1 l l
- W
W T 2 2W T

5. F = 2pA(V,-u)?
-2 10° 2 10* 25 = 10N

P-Fu=-10 5=50W. BeforeF=W+%=%
After 3W = 2W + T' =~ T' = W = 2T

Comprehension # 3
When string is cut in second case, net upward

1. Equating the pressures at the same level of third - -
liquid at the boundary of first and third liquids on acceleration will be (JUUITDIZOI O UOT O O00I 00
left hand side. ) 3W-2W g
(OO0 oo OO0 0N 000000000 IEDONDNOHO0INm  ~ow /g "2
{i0onioooooon Loooor Looooa, . .
o ' so time taken will not change.
l;rdeessure on left hand side = pressure on right hand (0001000000 000000000l 000 OI)

(U0 D00 Do =0 0o Omo oo,
. P, + p(20)g = P, + 10(1.5)g + h (2p)g.

Solving this equation, we get h = 2.5 cm
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Comprehension#5

1.

When the muscles of the heart relax, as they do
during diastole, the heart is not exerting any force
on the blood.

U000 0T 00UNOrII IO 00T MY diastolel U
OImioooiOor0rooor oo od

Volume flow rate (/000100

o Pressure difference ([/0I00)

o (Radius of vessel)* ([I010NI000N

If radius is increased by 10% volume flow rate would
be increased by a factor (1.1)*~1.44.

(0I00CNO0h0% DO0I0IOmoTODNI0DoomoD
000(1.1)* ~ 1.440 000000 0T 0000 O

Gravitational potential energy (JLJIOIOIIOZOOC )

= (m) x volume
volume = (pgh) (volume)

~ PE=1050 9.8 0.3 8.0
=246 103

10°°

W = mgh = (200 10° 1050) (9.8) (0.5) ~1.0J

blood pressure x volume of blood pumped

Power = fime — (which blood is pumped)

Factor by which power increased = 7 1.2 = 8.4,
20% increases means increase by a factor of 1.2.

drootoooroonprigoonUiNiz 7@ 12 =
8.4, 20% U010 DOIIDAE.20000100)

Comprehension # 6

1.

1
Q OCEwhen volume flow rate is multiplied by

density, it becomes mass flow rate. Both rates are
inversely proportional to n.

mR*(P, - P,)
From Q = —8nL

_mR*(P, -P)
we have, N= 3LQ

Substituting the value we get n~4 x10°Pa—s

2VpR v_nRe
n 2pR

From Re =

Flow remains laminar till R, = 2000

g 4x107x2000
© YT 2x1000x8x10° 0 S

F = 6nnrv= 6 102 102 3 = 5.65 10°N
6mnrv, = mg
__mg 10°x9.8 _
T emr Terx10°x10°  OE TS
EXERCISE -1V (A)
(i) Material A has greater value of Young's
modulus. Because slope of A is greater than B.
Qo A0 DM oMo
NNHOIOAOMOEOOIIODm
(ii) A material is more ductile because there is

a large plastic deformation range between
the elastic limit and the breaking point.

U0 Al OOl Dol DO fOna b ionmod
[DOOUCIOonoiroIoUinIotog
(000 aoooo Dimonmom

(iii) B material is more brittle because the plastic
region between the elastic limit and breaking

point is small. (U0 BL LXTOC O OTOTO
Ny
(00 Oi0i ol o

(iv) Strength of a material is determined by the
amount of stress required to cause fracture.
Material A is stronger than material B.

CoOIotDOdIoidItomoood
OO OO OO OO O am
Bl0DOOINIOIIOmoONDQ

(i) The area of the hysteresis loop is
proportional to the energy dissipated by the
material as heat when the material
undergoes loading and unloding. A material
for which the hysteresis loop has larger area
would absrob more energy when subjected
to vibrations. Therefore to absorb vibrations
one would prefer rubber B.

(IO mboomorooiiodon
IO0C OO OO oo
OIOoIndronOiooortoonoo
R A W
oIoaonoounIooronnoD
1 R T
(DOmBINIIIITOOOIIg)

(ii) Rubber A, to avoid excessive heating of the
car tire.

(0 R e R A W
00000000

70

nodeb\E : \Data\2014\Kota\JEE-Advanced \SMP\Phy\Solution\Unit 3 & 4\04-Fluid Mechanics.p65



nics.p65

nodeb\E : \Data\2014\Kota\JEE-Advanced \SMP\Phy\Solution \Unit 3 & 4\04-Fluid Mechar

CAREER INSTITUTE

JEE-Physics

Maximum stress = F :m(g—;ra)
rea o
:>§x108 _ 900(9.82 +2.2)
T Tcrmin
- /900><12 _ ¢
min 3 ><108 mm
FL (4+6)x10x1.5
ADsa = AY ~ 7(0.125 x10 2 x2 x 10"
=149 10™m
FL 6 x10x1
ADyess =AY ~ 7(0.125 x10 %) x0.91 x 10"
=131 10" m

L \(F
(@) F'=mia~ (Azd](;]
=(A£d)( dALg jzALdg
2 J\2xALd 4

Fe——>F 1—F

«—x—>
St = E = ﬂ
ress = o 1
_ stress rain = stress Ldg
strain = strain Y 4y
Compressive strength = —*=
Area
= Fmax = 7.7 10® 3.6 10*=2.772 10°N

"+ applied force <F__ .. bone will not break.

3 FL 3x10*x20x107?
(i) Al = —= ) 10
AY 3.6x10"x1.5x10

10% = 1.11 mm

=11.11

For translatery equilibrium
T, +T,=W ...0)

L 5
Al

for equal stress A
2

T, A, 0.1x10"

T, A, 02x10*

8.

10.

11.

2W
T~

W
from equation (i) T, + 2T=W = T =— 3

3 b
for rotational equilibrium

W 2W
Tx = T2(2 -X) = ?X—T(Z—x)

= X = gm from steel wire

In equilibrium mg = 2T¢ = nr?lpg = 2T/

2x0.045

2T
2r_\/ﬂ_PQ_\/3.14><8,96X103 <98 ~ 27 mm

.. diameter = 2r = 1.14 mm

8x107"' x1x980x0.35
=2 . Z . = 68.6 dyne/cm

PV, + PV, = PV

(. 4T\4 ( 4T\4
:>LP +R—1J§T5Rf +LP +R—2J§TCR3

4Tj4 [4 , 4 . 4 3]
=|P+—|— gr3=>P| —nR; +—nR, ——nR
( R )3 ™R 3Ty T

= 4—T[inR2 —ian —inRij
3 \3 3 3

4 3 4 3 4 3
o V= gnR —gan - gnRz and

S = 4nR* - 4nR* - 4nR?

4T
- PV = ?[S] = 3PV +4ST =0

When the tube is taken out, a convex meniscus is
formed at the bottom then. The total upward force
due to surface tension is

QUDONMnIo O OInOrooOdNOono

(IR R A (i)
F=2nT + 2nrT=4nrT

This balances the weight of water column of length H

U0HDIDOoooO IO moma

4T

4nrT = ’H H=
= 4nur (nr*H) pg = rpg
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13.

14.

15.

16.

17.

2T

but h = 7 therefore H = 2h
rpg

The length of the liquid column remaining = 2h

(Ui U D00

p _ F_3000x10 . Losp
ressure A _425><104 . a
et 0010 F
fequiibrium g54.10%  25x10°¢ P9
- =210 , 3
TR 8 (0.75 10% 10
P 45 10'=F-375N
25x10° = ‘

Pressure an the water surface

Mg _ 3x10
T A ml6x10*-1x107Y

4
_30x10° 2 . ep,
nx15 b8

According to Pascal law = Pr = hpg

g><104

I S
=h= 10°x10 =

Pg

Mass of water in the pipe

2
= (mr?h) p=n 10 . 1072 = 0.2 kg

mass of water in cylinder=750-200=550 g = 0.55
= 0.55 = (mR?H)p

~ 0.55 o
= 1x16x10" x10° 32~
PV, - PV, = (P, +HpgV-P,_ 2V
= Hp,g = P, =76cm p, g=76cm 136 p.g

= H =1033.6 cm = 10.34m

Initial potential energy (JIIIIILIIIIIOON L)
h h

_ 1 2
_m1g2+m2g2

h? h? h? + h?
= Apg—L + Apg—2 = Apg| 12
Pa~-+APg~ pg{ 5 }

h, +h,
2

Final potential energy (LUII00III0IO0IOND)

) h,+h,) h, +h,)’
=mg( ™~ 4 = Apg| T

Work done by = Initial PE - Final PE

2
h, +h

_A [1 2]
Pg 5

Final height =

(h%+h2)

:APQLTJ

A
— ﬂ(hl _ h2)2

18. *h, +8m +h =22 cm+ 22 cm

= h, +h =36 cm

P.=P, = hpg=hpga=h 08=h

h
= ho=OVé =125h, = h, +1.25h, = 36
h*i*16 BE = 22 - 16 = 6

= h, 295 cm so - cm
20. P,=P_ + hpg

=1.013 10°+3 800 9.8=124.9 KN/m?

P =P, + (1.5 + 3)pg

= P,=124.9 10%-4.5 800 9.8 =89.5 KN/m?

P, =P, =895 KN/m?

P =P, -(3+ 25)pg =895 10°-55 800

9.8 = 46.4 KN/m?

:A[L] x[ 1 ]cos@

21. <n0 P, g o ein 0 = mg (2 cos 0)
-4 3 Th
:>25x19 2><10 —95x9
2sin” 0 I
e Y

1 1
:sin29=Z:>sin9=§:>6=30

For minimum depth of water let water height is h

0 A U )

h h
Al D) mgx2
[sin90°)png[2] max

, 2.5x2

= h* = =h=2m

25x107™ x10° x(%}

W 15N

23.

KOTA (RAJASTHAN

Specific gravity of block =75 _Aw “15-12 5
A W
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25.

26.

JEE-Physics

Let cross-section area of the plank is A then weight
of plank W= (1 A) 0.5 g length of plank inside
0.5

the water = —— (U0 0000 O OO0000 OO0 CCE
cos©

Al0MOoIoooiDIIw= 1 A)o05 g O0OIO

QooI0hool tn o= g)
cos0

5 /T

0.5m

ZU//DW ””””””” }

So upthrust on the plank (O A A AT

B ( 0.5 ]

~ \cosH Al g

torque about point A (AU D]DJDDJUDDUDUDU)
W xAC sin ® = Th  AD sinf

(1 A 05 g 0.5sin6
[ 0.5 j (l] L 05 |
= {os0 A g 2 080 sin®
1 1 0 L 06=14
= 1= 2c0529: cos —\/52 =45

When beaker half full with water then it float with
completely immersed. (000 OIO0] OI0E 00 00D IO OO

000000 00N 000 10w

So weight = upthrust

500
= (390Q+ 2 X1X9)= V. 1 g= 640 cm®

So volume of glass beaker

(R g A L)
= 640-500 = 140 cm?

density of beak —39—0—278 /cm?
ensity of beaker = 75 .78 g/cm

Work done per unit volume by pressure
= change in energy

(M i
i)

1
=2 p(s,? = v) + pglh, - h)

103[(0.5)% - (1)3] + 10% 10(5-2)

2

=—%><103+30 x10° = 29.625 10° J/m?®

27.

28.

29.

30.

work done per unit volume by gravity froce

N MM )
= pg(h,-h,) = 10* 10(2-5) = -30 10°% J/m?

(i) Reaction force (UIUIOULOMN)

B vdm_v2 A B
a ~ 100P7 ™2

A
TP

LT

2ghAp —a 2g

= @A h pa==r5, ~100

=0.2 m/s?

m,

4Ap
2Ap

+ Epvl2 =P, +§ pv,’

m

0
- Ah'p = h' =
4 p=

\2gh' = \/ZQ X

(i)

m,

4Ap

v =

1
= Ep(vz2 - v’ =P-P, = hpg

v,2 + 2gh

v, =2 +2x1000x0.51 = 32 cm/s

(i) Velocity of flow (UUIOIOIIOO)
= J2gh =/2x10x 3.6 =62 m/s

(i) Rate of flow

(4x102)°
ZAVZTEL \/; J ><6\/§

=96 2 10 m3/s
(iii) Bernoulli's theorem between surface and A

@l 000000000 Dol Doan Oy

1
P =P+ Epv2+pgh

at

1
=P =P, - 5 pvZ-pgh

1
10°-5 10%(64/2)2- 10 10 1.8

104 N/m?

4.6

Let v' be the horizontal speed of water when it
emerges from the nozzle then from equation of
continuity

O A O A O
g )
Av

Av = av' = V' =

a
Let t be the time taken by the stream of water to
strike the ground then vertical distance
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31.

32.

34.
35.

HID0OoOmiooooDorOooOoOH oL
)

2h

g
= horizontal distance ﬂ]DU DD

,& Av ,21’1

(i) v = 4/2gh (Acc. to Torricellis law of efflux)

(ii) Reaction of out flowing liquid (F) =
out per second velocity

{000 ODINmOOLLe 0ionobmmnd
0OOOIoriooo beo

hil t2 t7
2 8 7

Mass coming

dm dm e =
F = dt =>Ma =v at =(pA,h)a = vpAv

L dm _ dpAx)

at dt A dt = pAY

= Aha = v?ZA| = A ha = 2ghA,
2gA4
[ v=4/2gh] = a = A,

_ h_Jsh
TN T
/ [ 3h
X 2X4—g .0

Bernoulli's theorem between surface and B

()

(Range), =

h h 1 ( h)
= —- = 24| 20— | = v =4/gh
20g2+ cgz 5 (20)v*+ GQ] v g

_ o x [0 R V8
TRy 2

dv 7%x107
= = = -4
F-=mAp =1 100 10 o

Velocity at surface = terminal velocity

Qooiomio=00nrono

(Range),

=0.7N

2gh = z r’(p—o)g

2 (3x107")

2gh = §><

(180> 180 x180
2g  2x9.8

x(10* -10°)x 9.8

=1
9.8x10° 80

=h= =1.65x10°m

EXERCISE -IV (B)

V = A(a -x)

Open

PV, P
\Y a—x

Final pressure, P =

P,a
P, =P + xpg =a—X+ng

force exerted by pressure difference is

(D00 OOuToorogy

P x
f,=(P,-P,)s=(P,~P)s= +xpg|s

a—Xx

Mass of horizontal arm A(B) of liquid is

COIONIMHIrOl A 01000 m=Ar-x)p

Z—x_€+x
2 2

0 , [P
{Ap( —x)}[ ;X)wo =[aiXX+XP9]A

x= 0.0l m = x=1 cm
length of air column in sealed arm (a-x) =

r=x +

6-1=5cm

(i) As for floating W = Th
Vpg= V,d,g+ V,d,g

o 2o s

2 5
= —d+ —d=-—d
Lew pmgdt =y

(ii) Total pressure = p, +

of solid) A i.e.,

(weight of liquid + weight

P—P+Hd +EZd +é d (éxL] 1
0" 5 98T ey s S A

3 1 1
ie. P=PO+EH dg + ZL dg=P +Z(6H+L)dg

(b) (i) By Bernoulli theorem for a point just inside
and outside the hole

(OoDmOmoImr ot IdodIoomadn
000
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1 1
P+ 2 pv,? + pgh= P, + 92 pv,”

i p+5d+(ﬂ—hj2d - Py = (2d0?
ie., P, 2 g 2 g=r, 2( v

or g(3H —4h) = 202 or v = %(31{ —4h)

(ii) As at the hole vertical velocity of liquid iszero
so time taken by it to reach the ground,

(iR i
OUIoOinidiioiooTIoon

t=4/(2h/g) So that

x= vt 1/%(SH —4h) x \/@ =/h(3H - 4h)
g

(iii) For x to be maximum x? must be maximum,

d d
~(x?) = — _ 4h?) =
dh (x?) = 0 or ah (3Hh - 4h?) =0

or 3H-8h=0,ie, h=(3/8H

i.e.,

3H 3 3
- P2 BH-2H)=2H
and X __ 3 ( 2 ) 4

Upthrust on the block
2
_ 2y ><1500(g +§j + 3 %1000 x(g+3]
5 2} 5 2
= 1800 102 10 = 18N

g
Weight of the block = 10 800 (9 +§j =12N

so Tension in the string = Th-mg = 18-12 = 6N

() tan O = % 1mI\

a =4 m/s?

0 Ilm

(ii) New a = 4.8 5>
tan 0 %3 SLm 24
= volume of water left 1,2I\
= % (2.4) (5) 1-41 0
W 206
4+06 20

= 24 + 12 = 36 m°
V,=36m%V =5 4 2=40m’

(u} x100 =10%
vl

G tn 0= = X229
(i) tan 0 = 75 777 I
X
0
60 - 20 _40 7 —v—
9 l
forces on front wall is 0
«—V—>

3
5
= Ip[§+ x tan 6} 9 (4dx)
0

3 EX +£ 3 15+81
=36 10 3 20 =36 10% + 3%

5 h
—|px9 xgtrey 12 —(p 15 + 15p) = 360p

d
W = jpgx(ZTcr) X
coso

sino

h
ngth —(9 +xtana) d
0 cosa

dx

h h
:>pg21tJ.ax +J‘x2 tan adx
0 0

27 ah” +£tana
=P3 2cosa 3

2cosa

2W:pg2nh{ R —Etana}
2cosa

:pgnh{ R —Etana}
coso. 3
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8. Pressure at A, P, = P, + hp,g + (h-y)p,g
Pressure at B, P, = P,
According to Bernoulli's theorem,

pressure energy at A = pressure energy at B +
kinetic energy at B

1
S Py=Py+ Eplv2

P2
. v =4ms’!
. F=(Av p) (v - 0) = Apv?
or F=7.2N

Total mass of the liquid in the cylinder is
QUOOIO0IOmO OooooDoy

m = Ahp, + Ahp, = 450 kg

Limiting friction = umg = 45N

.. F < Limiting friction, therefore, minimum force
required is zero.

F<I000DIMIIrOirOooobrtolomoo

Consider free body diagram for maximum value of
force.Considering vertical forces, N =mg

UFspIIDINOINOLONIOIDOONIO0O0TD
UUIN =mg )
Now considering horizontal forces,

F =F+uNorF _=522N

ma:

AH d g = Ahd g

=mg - f,

net

4oy
h:HdL,f

¢
T

f .= AHd g - Axgd,

net

If will perform SHM about its position

d; g
dy

XZfH, with ® =

Hdm X2 0.8H
_ AQdL TX—?

2 2 0.8 9 2
- Ag H(O.8)(O.8)H—M} _ AgH’dm”
A 2
A = 4000 10% g =10, H=50 10
d =8 107
4000 x10™* x10 x2.500 x10™* x .64
® 2
®=.32 10" = 32kgC

Particle starts oscillating in the fluid
(R A
Work done by person

1
= Total energy of oscillation work = EMQ)ZA2
d 2
Tj
d,)

ﬁJ g = 2kg f-m

1 dg
= o (AH)d, —9g H|1-

work = lAI—I2 (1 -
27|
10. Intially : mg = f, = mg = Vd, g = Ahd,g
when pulled slightly up by x then
f . =mg-f, =mg - A(h-x)d g
= mg - Ahd g + Axdg
f .= Axdg
force directry propotional to x therefore if will
perform S.H.M. (UOIxI00O0TI0 0000000000
O )

(i) ma = (mg - Vd (g))

2

dt?

+gx +g can be compered with

dZ

+O)2x+g=0:>w=\/§

dt?
271
T= ; = and time required is = T/2, t = 1 sec
11. mggsine =1, (b —%jsin@

b
(Ab) d,g 2 = (Axd,g (bz—"] E

b
By solving It x = 3
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Vl
psv,?
dp m
T
f .= psv,® = v,» = ps2g(h,~h))

f . = 0.51 Newton

We consider a ring element of radius r and thickness
dr whose centre is at the centre of disc. The velocity
of fluid at distance r from axis is v = r®

O O A S A R DA I

RO )
dv dr

Where dx is the thickness of layer of liquid.

(N )

The area of the considered element is dA = (21 rdr)

QiiboOoUorOnmoaoy

.. the viscous froce on the considered element is

(RN

dx
Here, velocity gradient is (DD]DDDUD])

dF = n(2n rdr)

dv v

dx h h

re

2
dF = n(@n r dr) - = 20O 2y,

The power developed on the considered element

by viscous force is ((I0I O IIOO0IOIDIOIOIION)

2 2
dP =v dF = (r o) %rzdr :Zn%r?’dr

.. Total power developed due to viscous force is

(UIonIiOnmooit Doy

=R

P=2[dP (on both sides)
=0

r=

o h h

1 2 14
=3.14><0.08 x10 >i3(60) x(107) 9w
1x10

14.

15.

£+¥S,T :pwghA APA
mg + S(4a) = p gha® __7 T_
mg +4aS |

pemee T

p,g2
From di - 9o -t
rom diagram r cos 2 = " 500
P,(A = P(A) ((-h)

l EAPED

Y P(Pof_gj AT
T y-h’ A \U-h x .

Pt 2T
g = g_"h——+pgh—Po

7
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EXERCISE-V(A)

Elastic energy = 5 F x

F=200 N, x =1mm =102 m

1
- E = E 200 1 102 =0.1J
1 2 1 2
Work done Ekx =§k€ where /¢ is the total
1
extensions. = —(k{){ = EFE

Energy density

Energy 1

" Volume 5 Stress

Strain

Energy 1 S Strai
Volume 2 tress train
_1lg Stress l S_
5 ress v 5y
Energy density = ~ >
nergy density 5y

Velocity of efflux through a small hole = ,/2gh

where h is the position of the small hole from the

top of the vessel.

A g
J2qn 1OOIRI OO0 000N 000000000 O om

Vo = V2 x10x20 =20 m/s

The viscous force experienced by the spherical ball

is expressed as

{I0I00 Do DonnuoOr toroomInay

F=6mw =>fxcr=Faxv

10.
11.

12.

14.

Excess pressure inside a soap bubble is P =—
r

Air will flow from the bubble at high pressure to the

1
bubble at lower pressure as P o« P hence bubble

of smaller radius will be at higher pressure, hence
air will flow from smaller to the bigger sphere.

QDol0oODUInoNoDDinoare = ar

DD]DDDDDD:DDD]DDDDDDDDD:DDDDDHDDD]DDDDDDDDU

QII00Ioonoorooi P e % giaoreoooom

LUoOroiCloDomoortoroortobhotnd
0Oo0Ianomoonntiooo

Water will rise to the full length of capillary tube

(0N DIoONoIoor foombdioony

—

- pS—P(,) =v,=0.1m/s

P.—P,)

Ys

Vg

—

Vg(p, —p,)

k
As liquid 1 floats above liquid 2, p,<p,
OOI0ODINIOONIOIDo0OIoINm
The ball is unable to sink into liquid 2, p,<p,
0 A Y
The ball is unable to rise over liquid 1, p <p,
O0OIDO0DIODOoomOoonom
Thus p,<p, <p,

p,Vg-p,Vg=kv2 = v, =

2T cosO
pgr -

As soap solution has lower T, h will be low

0 A g g T R MW RA(]
i

Capillary rise

_F/A ) YAZAL
= A/ S F= 7
YAZAL
F= here v = volume of wire
v
(A, 3A
FecAz = L J =9
F, = 9F
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15.

16.

17.

18.

19.

20.
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In equilibrium ball will remain at the interface of
water and oil.

O A A A )
According to equation of continuity

(AL o

2
Lvy

AV, =AV,or b=
Va

Velocity of stream at 0.2 m below tap.
VZ=VZ+2as=016+2 10 0.2=4.16 m/s

2 -6
r2:\/rlvl :\/16><10 X0'4:\/§x10'3m

v, 2

V32 %107 m

so diameter = 2

1.8 107
6 10°m

([
w N

8nT [(rf) - (r3)]
n  0.03 [25 - 9]
0.24 16 10+
10 =«
8 tmd ~ 0.4 1 md

10

[ | E
Il

S wa

.8
3

By volume conservation

E1IR3= 2 (énﬁj
3 3
R = Z%r
Surface energy E = T (A)
=T (4n R?
=T (4n 2?°r?)
= 28/3 bis r.2 T
d, —-d,
Terminal velocity Vec
V., 78-1 13.2
V, © 85x10" 7.8-1.2
0 4
v, =16 10
10
= — = -4
v, 16x10° 6.25 10

weight = mg = 1.5 1072 N (given)
length = / = 30 cm (given)

= 0.3 m
2T/ = mg
_mg _15x107 o5y,
T 20 2x0.3 ‘ e

EXERCISE -V(B)

1.

From equation of continuity (U0I0I OOIOIIT )
VlAl: VZAZ
and

vi—u®=2gs; v2-1=2x10%x0.15=v, = 2 m/s

v;A;  1x107*
Hence A, = v 2

-5 10°m?

If we apply Newton's law to find the force exerted
by the molecules on the walls of the container, we
will have to apply a pseudo force (the frame of
molecules is an accelerated frame). This pseudo
force acting on gas molecules will act in opposite to
the direction of motion of closed compartment. The
result will be more pressure on the rear side and
less pressure on the front side.
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Equating the rate of flow
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J2ay) x L2 = /(2g x 4y)nR?
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According to archemedes

=>L1?2=21R? = R =

principle
0 00
Upthrust = Wt. of fluid displageé
(I0ooI0D=M00monnonOm
Fbottom = Ftop +V pg
=P, A+Vpg
=thpg (RY+Vpg
=pg[nR?h + V]

{ decreases as the block moves up. h will also
decreases because when the coin is in the water it
will displace euqal volume of water, whereas when
it is on the block an equal weight of water is
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7. Y:E %Z%:leolll\]/mz.
A/ ¢ 10°x10
5
g K AP :(1.165—1;(3)1)x10 155x10°Pa
S
\Y%
9. The square of the velocity of flux
(W )
2 2gh 2x10x2.475
Vo= > = — = 50 m?/s?
Jl (2) -
A
-\ _—— ==
3m|
4T
11. pP,-P, = 4T P,-P, = —
2 1
Here R, > R,. So P, < P,
= Air will flow from end 1 to end 2.
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Comprehension
1. (@) Consider the equilibrium of wooden block.

O A Y
Forces acting in the downward direction are
O

Weight of wooden cylinder

(R

P, n(dry

|

|
p, W p,
h
= n(dr)? h % g = 16r2?pg

(b) Force due to pressure (P,) created by liquid
of height h, above the wooden block is
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=P, mn@? =[P, + hpgl nr)?
=[P, + h,pglnt  16r*

Force acting on the upward direction due to
pressure P, exerted from below the wooden
block and atmospheric pressure is

O o A R

0
=P, nl@dr)?- 23 +P, (2r)°
=[P, + (h, + hpg]l =n 12r* + 4r*P,

At the verge of rising

[P, + (h, + hpgl © 12r% + 4r°P

=n 10r*h gg + [P, + hpgl n 16r
16h 5h
= 12h, + 12h = TJr 16h = ?: h,

2.(b) Again considering eqilibrium of wooden block.

{0 O M A T A A )
Total Downward force = Total force upwards
0

Wt. of block + force due to atmospheric pressure
= Force due to pressure of liquid + Force due to
atmospheric pressure
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n(16r2)§+g+ Pt 16r?

=[hpg + PJ m [16 - 4r%] + P, 4r?

n(16r?h gg =hpg n 12r

h 4
= 167-12h, = o hh,

(a) When the height h, of water level is further
decreased, then the upward force acting on the
wooden block decreases. The total force downward
remains the same. This difference will be
compensated by the normal reaction by the tank
wall on the wooden block. Thus the block does not
moves up and remains at its original position.
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Subjective

1.

For the wooden stick-mass system to be in stable
equilibrium the center of gravity of stick-mass system
should be lower than the center of buoyancy. Also
in equilibrium the centre of gravity (G) and the center
of buoyancy (B) lie in the same vertical axis.
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The above condition 1 will be satisfied if the mass is
towards the lower side of the stick as shown in the
figure. The two forces will create a torque which
will bring the stick-mass system in the vertical
position of the stable equilibrium. Let ¢ be the length
of the stick immersed in the liquid.
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F.=1R’hog

l
OB =5 Let OG =y

For vertical equilibrium (DDD]DUDD Qoo DDDDD)
F.=F~= M+ m) g = F, = nR?Lpg + mg = nR*/cg

nRsz+m
nR%c

Now using the concept of centre of mass to find v.

A
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My, +my,

M+m
Since mass m is at O the origin

IO 0OI oy

(= ...(Q)

Then v =

~y,=0
M(L/2)+mx0O ML
~ M+m 2(M+m)
__(mRLpL
2mR%Lp+m)
1
Therefore for stable equilibriumz >y
(R i )
nR%Lp+m g (rR*Lp)L

21R%c 2(7'CR2Lp+ m)

> m>n RQL(\/pic—p)
. Minimum value of m is = RZL(\/pTS -p)
0000000100

(i) As the pressure exerted by liquid A on the
cylinder is radial and symmetric. The force due
to this pressure cancels out and the net value
is zero.
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(ii) For equilibrium (D:DDUDDD:]D DDDDD)

Buoyant force= weight of the body
(IIDOND 0otidmmo

= h,p,Ag+ hyp,Ag = (h, + h + hy)A pg
(where p_= density of cylinder)

(L0Tp, = DO0IDMIDI

h :[M] “(hs +hg)= 0.25 cm
P

F, —Mg

(i) a=

Buoyant

M

:|:hApA +pg(h+hg)—(h+h, +hB)Pc}g
pcth+h, +he)

g
== d
g Upwards

When the force due to excess pressure in the bubble
equals the force of air striking at the bubble, the
bubble will detach from the ring
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When the tube is not there, using Bernoulli's theorem
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1 1
P+P, +§pvf +pgH = EPV(Z) +P,

= P +pgH =%p(v(2, —vf)

But according to equation of continuity

(MmN

V. = AgVy
Ajvy =Ayv, or V1 A,

.~.P+ng:%p{vg—[i—jvoj }
(A 2\}
(a,)

P+pgH = %pvg {1
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Here P +pgH = AP
According to Poisseuille's equation

alaP)a® . (aP)a’
~ 8nY - 8Q/
_m(PrpgH)a’ w1 | (A
T sqr sqr 2™ {1 A, ™
Ay B
where A, Y
5. The free body diagram of wire is given below.
(M =5 0 0 A O
F F
0 0
g

If ¢ is the length of wire, then for equilibrium

O R}
2Fsinf=W.

F=S (=25 (¢ snB=A [ g

orS = also sin O =y/a

2sin0

__M _akg

2y/a 2y

— Surface tension (JDIO0I0) S = ——=3

2y

Av

6. From law of continuous A, = Ay,

_mx(4x107°)° x0.25
Tt x(1 ><1073)2

2h
and x =v t=v ?=2m

7. Weight of liquid of height H (HIJ U0 000 L0

2
:%xprxg....(i)

= VY, = 4m/s

Let us consider a mass dm situated at a distance x
from A as shown in the figure.
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The centripetal force required for the mass to rotate

(R R )

= (dm) xw?
.. The total centripetal force required for the mass

of length L to rotate (U LI OO0 OC 000000 LI
0

= L;- (dm)xw?

d2
KL
4

Total centripetal force Ol OMOOOI 00y
L( nd?

TCdz 9 (L
_prX(o J-o xdx

Here, dm =p

X dx] X XW2

d? L?
=p><TET><o)2 x? ... (ii)
This centripetal force is provided by the weight of

liquid of height H. (QUILCIOOICCO0OIHO OO
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From (i) and (ii)

nd? nd? @ xL? w’L?
xHxpxg=px X . H=
4 pra=pxTy L 2g
Integer Type
4S 4 x.04
1. (Pm)A=r_+PO= 002 +8 =16 N/m?
A .
) 4 x.04
(Pin)B=r_+P0= 04 + 8 =12 N/m?
B .
3
(Pn)A VA I'IB (Pm)B YB\

(500 - H) P, = 300 (P, - rg 0.2)
(0.5 - H) 10°=0.3[10%10* 0.2
0.5-H=0.294

H = 206 mm
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