PHYSICS FOR JEE MAINS & ADVANCED

DCAM classes

sssssssssssss for Academic Mastery

EXERCISE - 1
Single Choice
0 1x1072
3. = r7 =2 0.8 =0.004 radian
5. Stress— —
. eSS = A

for breaking the copper stress should be same i.e.

E_E L F_E oo
4 A, AR® T4R

6. Volume = constant = A X L = constant

TAEAIT Y T AR
FL
8 Af:ﬁ:AKOC—Q
2
FL 2
0. Ar=-—= AL _L % lxﬂ -1
AY AL, Lo 21
o, _AvV _0004 AP AP—B[——J
v o100 (_A\/]: U
v

0.004)
100 =84 kpa
i_ (1x10)x1.1

AY 1x10°x1.1x10"
12. Increment in length due to own weight

=2100 x 106 x (

11. Al = =0.1 mm

Al = mQL_PQL2_1.5><9.8><(8><10‘2)2
2AY 2Y 2%x5x10°
=96x10"m
1 1 F2L w1
13. W= —FAl=— Wol: -t 2
2 oAy Wb w, 7,2
3
4 K—_ AP __ hpg _200x10°x9.8
ST
v Y 100
=19.6x10°N/m?

16. Increase in energy

(5x10)* x0.2
2x107* x10™

_1FL
T2 AY

=2.5x107°]J
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HINTS & SOLUTIONS

17. F =2T(=2x75x15=225N

18. Initial surface energy =2xT x 4qr® = 8mur’T
Final surface energy =2 x T x 47(2r)*=32 nur’T
So energy neeeded = 32 T — 8nr? T= 24w’ T

19.F:4an:>T=Fi= 4 =lN/m
o 4dnr 4nx1l =

21. ASE=47R’T (n'*-1)

2

D
= dn—-T[(27)*-1]=22DT

2T
22. P =P +—
n atm r

2x70x107°
:1.013X105+%:1.0144x105Pa
23 Pexcess =4_T'Pexcess =4_T
. 1 Rl 9 2 RZ
:(Excm) R _ R _101_1
(P excexs)z Rl Rl 1 O 2

So ratio of volume —

3

1

R3
v, Rzl

24. ¢ = \/rl2 +r) = V3% +4% =5cm

[rz > r1] herer,

25. r = =r,S0T =00
common rz -1 2 common

2T cos0 h, T, d, 60 O 6 9

29. h="—— = t=—tx-t=—ro =

rdg h, T, d, 50 08 10

1
30. atmoon g'= %, height h ch

31. Density of water at 4°C is maximum so water rises in

) o o 2T cosH
capillary is minimum by rdg
2T cos6
32. g, =0, h=""20
© rdg

so water rises maximum height i.e. length of the capillary
=30cm



MECHANICAL PROPERTIES OF MATTER

34.

36.

37.

38.

39.

40.

42.

43.

Mass of water M = volume x density = nr*hp

> hr=constant => Mocr = &=£=2
M, r
0= h __h _ J2h
’ cos¢ cos45°
e 2T 2x75
hpg == = h= = 0 05 x10 1 x1x1000 ~30°m
-2 -3
P 2AT _ 2x107 x70 :10 _ 28N
t 0.05x10
Force on bottom = Pressure x area
(md?) '
= hpg x kT) ()
force on vertical surface = Pressure x area
3 [hﬂ] N [2ndhj _ h®pg x nd (i)
- 2 2 77 s
d?  h®pg x nd
-~ according to question = hpg T 1 %
= h =1
2

Let mass of gold is m then mass of copper =210—-m
upthrust = loss of weight

=210g-198g=V, p g=12g=V, =12cm’
Total volume

_m +210—m=12 N £+210_m=12
P gola P 19.3 8.5
= m=193.

So weight of gold=193 g

h
Pressure on the wall = %

Net horizontal force =P x area=

hpg
2

Total force=P x A= x(hxL)
~1x10°x9.8
2
Pressure at point A = Pressure at point B
=hp g =25cmp

x(1x2)=9.8x 10°N

oil waterg

:25X1:31.250m h

25 cm

= height difference -
=31.25-25=6.25cm

WATER

44.
45.

47.

48.

49.

51.

53.

58.

59.

60.

. Density of metal =

Barometer read atmospheric pressure.

Work=APV=(3 x105—1 x 10%) x 50000 = 10'"J

4 4
PV,=P,V,= (P, +hp g) 3 nr=p 3 n(2r)

atm

=hpg=7P
P =Hp g=hp g=7Hp g=h=7H

at

Upthrust=V_ p g=100 g-wt
weight of water and jar= weight + Th
=700+ 100=_800 g-wt

Weight = upthrust = mg= (3 x 2 x 102)x 10*x g
= m=60kg

w, 210
w,—-w, 210-180

density of liquid

Wy wy :210_1202%:3g/cm3
w,—-w, 210-180 30

\Y
In balanced condition Mg =Th = 6g = 3 P8

and (6+m)g=Vp g
from equation (i) and (i) 18=6+m=m=12kg

Let mass of cube is m and side is a then
(m+200)g=a’p g

mg =a*(a-2)p g

= a(a-2)p, +200=2a’p

=a’=100 = a=10cm

. Reading of spring

=Mg-Th=Mg-V.p g

=12

-6
_—10002><1o x10°x 10=7N

For horizontal motion
1 2— 1 2
P+ 5 pV,=P,+ 5 pVv,

1
=3x10=10°+ 5 x10°V,2
=V,j2=4x10> = V,=20m/s

Force due to pressure difference = APx A
In balanced condition =mg=APx A

mg 3x10"x10

:APZT 120 =2.5kPa
v _ mpr®
dt 8n/

=7g/cm’

()
(i)

()
(i)
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PHYSICS FOR JEE MAINS & ADVANCED

62. Velocity of efflux = ,/2gh =+/2 x10 x5 =10m/s

rate of flow=Av=(1 x 10%)x 10 =103 m%/s

63. Rate offlow =Av=mr’x [2gh

=3.14x1x 2x1000 x10 =444 cm’/s

64. V=V +2gh=(2)’+2x1000 x 5.1 x 10'=1024
V,=32cm/s

67. m=m,=Vd=Vd,

v, npr'

Rate of flow ’r n_hh - iy
t

8n/ n, - nt, dztz

68. Viscous force = 6mnrv
=6x3.14x18x10°x 03 x 10" x 10?
=101.73 x 10* dyne

71. Radius of big drop = R=(n)"*r=(2)"*r
RZ

1
2 v 2/3 1/3
vooert = —TI _ 5 =(2) =4

vp o

=V =4 x 5cm/s

EXERCISE - 2
Part # I : Multiple Choice

1 Tension in wire at lowest position
T=mg+mwr

. FL (mg+me’L)L
So elongation Al = — =———F——

AY '’y
(W1+%)
2. Stress=—=—"-—"
Tess = — 3
A
L[T—>w
L/
w,
3. Tensionin wire=mg= 10N
o clongation = = = ——0 XS ___g3
so elongation = ~= = 70— 2= 7 o5 = 0.3 mm

g oae=fh AL L of
. AY = FIAd Y = ope€ ot curve
L (4-2)x107 1
:>—: 3 :—)(10

Y  (8000-4000)x10° 2

- L=1 2 Y=2x10°N/m?
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11.

. . YA
Spring constant of wire = EN

So effective spring constant

kYA
kk, _ L _ kYA
“k+k, YA kL+YA
L

kL + YA
Time period =27 2 _on mikL + YA)
K¢ kYA

Surface tension does not depend on surface area.

F.L F,L
A=A A=
A1Y1 AZYZ
-2 -2
Fx30x10°  Fx20x107 32,
16x2x10° 10x10° 15

in balanced condition F +2F, = 5000 g

5000 kg
F,\V MF, MF,

-

F, =5000g = F =2580¢

F+2X15
BAEREEY

. F, 2580g
So stress in steel rod =—— =

A " Toem? =161.2kg/cm’
1 cm

—>dXe—

T+ T —F

F
Accelerationa= —
m

“«—x—>

.. mx F Fx
then tension indx= — X —= —
b4 m b4

Tdx _ Fxdx
AY AY/

Extension in dx element =

Fxdx B F¢
AY! 2AY

4
total extension A/ = I
0

In balanced condition mg=2mT

mg 75x107*
2= =

T = ex10” =125x%x10%m
X

2T 2T 2T(1 1)

Ah=h, —h, = - =
' "2 grdg rdg dg\y 1,

_z72(2 o)
~1x980\05 1)-0293cm




MECHANICAL PROPERTIES OF MATTER

12.

13.

14.

16.

17.

18.

Potential energy

H H mpg
= me — = (72 — =22 o)
mg (nr*hp)g 5 o (rh)
according to Zurin law rH = constant = u, = u,

For spring balance A =Mg—-Th=2g—-Th
for balance B=Mg+ Th=5g+ Th

For uniform radius tube in balanced condition
r

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

2T

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

h<h, = h <

Acceleration of ball in water

_netforce  Th-mg V(d-D)g (d-D)g

" m  m VD D
d-D

Velocity at the surfacev = v2ah = 2( )gh

When ball come out from water then g act on the ball so
height in air

. v® _2(d-D)gh —(i—ljh
2g D x2g D
When the ball is pushed down, the water gains potential

energy, whereas the ball loses potential energy. Hence,
gain in potential energy of water

\% 3
=wpra~(5)(3)s

(When half of the spherical ball is immersed in water,

3
rise of c.g. of displaced water = Er )

o1~ ) =L 22213

=Vpe(t Ty T3 P e T P8
. 4

Lossin PE of ball=Vp'rg= 3 nrip'g

13 4
Work done = — nripg — — nr'p'g

12 3
13 4p'
mripg| S 4P
12 3p
13 4 5
= r'pg| == — = x0.5 | = >z
mpg[m 3 }mmpg

19.

20.

21.

22,

Let V, volume of the ball in the lower liquid then
Vpeg=Vpg+(V-V)pg

ﬁz P—=P1 _ P1—P

= Vg(p—p )=V, g(p,—p,) =
P1 = P2

Vo p—p

AP = p(g sin 6 — pgcos0)/
AP =pgcos 6 h
Both should be same

b ano
, "tanf-p

=tan¢=tanO—p

According to equation's of continuity A ,v,=A,v,

r

Given ZCOD=Q

G, & G, be the center of gravities of two liquids, then
ZAOC=90°=ZCOB = ZAOG,=45°
£G,0D=45°-0 = ZC0G,=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)

c sin(45-0)

s sin45cos0+cos45sin0

6 sin45c0s0—cos45sin0

s—G cosO+sinO—cos0+sin0

s+oc cosO+sinO+cosO—sind

c 4(s—oc
=tan9:>9:tan1[ )
s+0C s+0C

121
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23

24,

26.

27.

28.

29.

h
. Velocity of efflux of water = ,|28 [E) =4/gh

Force due to ejected water

_dp_dmavivepay?
T dt v=p(av)v=pav

Torque of these forces about central line
=F x 2R +F x 2R =4pav?x R=4p aghR

In pure rolling acceleration of the tube = 2a

P,=P__+p(2a)L (from horizontal)

P, =P _+pgH (from vertical)

_gH A
= a= oL
. Fromright Limb
P, =P +hpg I
o h 20 P
¢ ¢ l
P.=P, +pa 9 +(2p)a§ . -
C B A

3 3
=P, + 5 pal=P__+hpg+ 5 pal ..(1)
Fromleftimb P.=P__+2pgh (1)

3 3a,
= P +hpg+ Ep!fafPatm+2pgh: h= 2g

l
Torque about CM F, x —=Ta
4 F,

-

mg

_Fl (nrlpg)l  mr(*pg
41 4] 41

=

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

15
V= fA xlO{l —sinlt}dt
J 30

= 10A[15 —ﬁ}
T

15

=10A[t+—°°s“/t}

T 0

height of 1 IL—[15—£}
eight of water evel = 7oA m

T
h A
Vo :\l2gh, V= ZQE Z%

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.
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30.

32.

w
W

37.

- vy = ng andV2:

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

s 2s
r:EandPO—P:;=?
= P=P é

0 d

P.—P,=/{paand P,=P_.+hpg
P,—P,=hpg+/ipa

. When the levels equalize then the height of the liquid

h, +h,
2
Transferred length of liquid

h, +h, h,—h,
22

hl — hz)
2 Ap.

Loss in gravitational potential energy

in each arm =

Transferred mass = (

h, —h, )
:mgh:( S 2) Apg

Mass of the entire liquid = (h, +h, +h) Ap
If this liquid moves with a velocity v then its

1
KE = = (b, +h, + h)Apv’

~hY 1
:(}H 2) Apg == (b, + b, +h) Apy?

v= |—=- (b -h)
2(h +h,+h)

2g(x+h) .

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

[\

force = v(avp) =apv? N
- F =apv?and F, = apv,’ vg——?—
Net force I
~(F,-F)=ap(vi-v) [
=ap(2g (xth)-2gx)

= 2apgh

In floating condition
weight = upthrust
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40.

41.

42.

46.

47.

50.

Net viscous force

—ohnTA dx F,

o F=1IN = 1=21nx(0.5) x 125x10°2
= n=2.5x102kg-s/m?

Viscous force = weight

nA%:mgsinB:naZ%:ﬁpgsinB

apgtsin 6
\%
VTOC(pB_pL)

_ vy _(05-15 9 _

1
v, (195-15) 18 2

v 92 o

= V= 5 1 m/s

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.

. mg
TensioninB=T,= 3
. mg
TensioninA=T,=T,+ mg= 3
o T, =4T,
Swess- Eo T
ress= =3

Wire breaks when stress
= Breaking stress forr, =1, = s, =4s,
.. Abreaks before B
TB
for r,=2r, = s, = Tcré

T, 4Ty

S, =——— =
Aol n2r)

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

If one surface is pushed down by x the other surface
moves up by x.

Net unbalanced force on the liquid column = 2xApg
mass of the liquid column = /Ap

2
= 2xApg=(lApla=a= [_7g] X

2 27 Y4
ca=-—wX = 0= 8 = T=—=2n|—
\ 7 o 2g

Part # I1 : Assertion & Reason

2. D 3 A 4 B 5 A 6. A
8. A 9. A 10.C 11. A 12.C
14. A 15. A 16. A 17. A 18. A
200 A 21. A 22.D 23.A 24. A
26. A 27.B 28. A 29.A 30.C
32. A

- @
araor >

EXERCISE - 3
Part # I : Matrix Match Type

1.A->Q;B—>R;C—>R 2A->Q;B->P;C—>Q
3.A-P;B>Q;C>Q 4.A->P;B>P,C—>R

Part # II : Comprehension

Comprehension # 1

1. F=pA(V-0)[1-cos 180°]
=2pAv=2 x 1000 x 2 x 10#x 10 x 10=40N

i

F=2pA(V,u) u = speed of cart

du ¢ du 2pA |
- EETAVA — — =— | dt
m dt 2pA(V0 u)?; '([(Vo Y o '([

{ZpA _2x10°x2x10* 4 }

m 10 " 100
1 [ 2pAt
Vo—uj, m
I 1 2pAt 4t ,
Vy—u V, _m —100 ..(1)

1 4 1 1

— :—+
att—lOsec—>VO_u 10 10 2
V,~u=2 u= 8 m/sec.

3. F=2pA(V,—uy
=2x 10°%2x 104(10-8)2 =2 x 10> x2x 10 x 4

a=£=0.16 m/sec?
M
1 1 4¢ 1 1 4¢
4. = o =
Vo—u V, 100 8 10 100
izi,tzlbsec.
80 100

5. F=2pA(V,up
=2x10°x2x104x25=10N
P =Fu=10x5=50W.
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Comprehension # 2

dy a, _ g/2 _
dx a,+g -g/2+g

....(effective g will be g—a=g/2) 0 =45°
2. As the slope of free surface is 45°.

20.4)
‘\\(2, 2)

»: 2m
1 mI 457 | |

(4,0) X
— 6m ——>

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

Length of exposed top part = 6-2=4m.

3. P=P +pgh=10°+1000x 10 1
=(105+10*) N/m2=0.11 MPa

4. p=(10°+10°x 10 x 4)N/m’
=[0.1+0.04] MPa=0.14 MPa

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

a, _1
3 asaX:g/2,3aX:ay+g

a,+g
ay:g/Z, thus g/2 upward.

a,

¥

—nN—

Comprehension #3

1. Equating the pressures at the same level of third liquid
at the boundary of first and third liquids on left hand
side.

Pressure on left hand side = pressure on right hand side
- P, +p(20)g=P,+10(1.5)g+h (2p)g.
Solving this equation, we geth=2.5 cm

2. Rewriting the equation as
P,+p(20)g=P, +10(1.5)g +h(2p)g.
From here we can see that h will decrease.

Comprehension#4

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

124

2. Volume flow rate
oc Pressure difference
oc (Radius of vessel)*

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

3. Gravitational potential energy

_ [_gv] x volume = (pgh) (volume)
volume

~ PE=1050x9.8x 0.3 x8.0x 10°=2.46x 107
4. 'W=mgh=(200x 10x 1050) (9.8) (0.5) ~ 1.0J

blood pressure x volume of blood pumped

5 P =
ower time — (which blood is pumped)
Factor by which power increased =7 % 1.2 = 8.4, 20%
increases means increase by a factor of 1.2.

Comprehension #5

1. When the string is cut, tension becomes zero i.e., net
upward force on the block becomes W/2 or net upward
acceleration of the block will become g/2 or 5 m/s%.

[ fx2_2
NOW, a 5 \/g

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

r

2w
Before F= W+ o= %0
efore 5 5
AfterSW=2W+T' .. T'=W=2T

When string is cut in second case, net upward
3W-2W

SWZeW _ 8
2W/g) 27

So time taken will not change.

acceleration will be

Comprehension # 6

1
1. Qe H when volume flow rate is multiplied by density,

it becomes mass flow rate. Both rates are inversely
proportional to n.
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1.

mR*(P, - P,)
FromQ= 8nL
_ nR*(P,-P))
we have, M= SLQ

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

2pR  _ _ MR,
29PR 5
n 2pR

Flow remains laminar till R = 2000

From Re =

4 %107 %2000
2x1000x8x107°

=0.5m/s

L V=

F=6mmrv=>6nx 103x 10°x3=5.65x 10°N
6mnrv, =mg
mg 10°x9.8

"o T 6rx10°x10° 02

EXERCISE - 4
Subjective Type

(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.

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

(i)

(i) Material A has greater value of Young's modulus.
Because slope of A is greater than B.

A material is more ductile because there is a large
plastic deformation range between the elastic limit
and the breaking point.

B material is more brittle because the plastic region
between the elastic limit and breaking point is small.
Strength of a material is determined by the amount
of stress required to cause fracture. Material A is
stronger than material B.

(i)

(iii)

(iv)

Maximum stress = £ = m(g—;ra)
rea o
. ixlog _ 900(9.82+ 2.2)
T yiv
I 900x12 ¢
= min 3><108 = 06mm

7.  For translatery equilibrium

8. Compressive strength =

4. (a) F'—m'a—(A%d)(gj

:[Agdj[ dALg ] _ Aldg
2 2 x ALd 4
F' Ldg Fe——»F 1—F
Stress = —=——
A 4 ——
_ stress rain = stress Ldg
~ strain = stram= Y 4y

FL 4+6)x10x1.5
5 (ADea= AY T 1(0.125x10 2 x2 x 101!
~1.49% 10“m
FL 6x10x1
A =AY ~ 7(0.125 x10 2 x0.91 x 10"
~131x10*m

6. Inequilibriummg=2T/¢ = nr?lpg=2T/

2T \/ 2x0.045
> Tr = = 3
\/npg 3.14 x8.96 x10° x9.8

. diameter=2r=1.14 mm

=5.7mm

T,+T,=W ..(0)
T, T,

for equal stress A_ll = A,

T, A4 0.1x10™" 1
= ===
I, 4, 02x10 2
=T,=2T,
. W 2W
from equation (i) T, +2T =W = Tl:? , Tz:T

for rotational equilibrium

W 2W
Tlx:Tz(Z—x): ?x —T(Z -x)

4
= X= g m from steel wire

max

Area

= F_=77x10°x3.6x104=2.772x 10°N

"> a pplied force <F_ .. bone will not break.
FL 3 x10%" x20x107?

AY 3.6x10%x1.5x10"
=11.11x10*=1.11mm

(i) AL =
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4T g = T= hpre,gr

~ 8x107!' x1x980x0.35
B 4

= 68.6 dyne/cm

11. PV,+P,V,=PV

= P+£ i1tR13+ P+£ i7tR§
R R, )3

1 3 2
4T) 4
=(P +—)—nR3 — p[2 R13+inR§—i7tR3
R/3 3 3 3
=4—T(£nR2 —ian —injo
3 \3 3 3
4 3 4 3 4 3
V= chR fgan - chR2 and

S=4nR*—4nR *—4nR ?
4T
o P[-V]= —5-[S] = 3PV +4ST=0

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

F=2muT+2muT=4mT
This balances the weight of water column of length H

4T

= (12 =
= 4T =(nr’H) pg = H rpg

2T
buth= therefore H=2h
rpg

The length of the liquid column remaining = 2h

3000 x10
=—————=7.06x10°Pa

F
14. =—
Pressure A 42510

31 libri 600x10 F +h
3. Inequilibrium 300x10°  25x10° pg

%0 8% (0.75 x 10°)x 10
25x10* 8 '

_ = 4 =
25107 1.5x10*=F=375N
15. PIVI = szz = P, + prg)V: Patm x 2V
= Hp,g=P, =76cmxp, *xg=T6cmx13.6 p g
= H=1033.6 cm=10.34m

atm
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16.

17.

19.

Pressure an the water surface

Mg _ 3x10
T A nl6x10%-1x107"

4
_39A0 2 10tpa
nx15 T

According to Pascal law = Pr = hpg

g><104

P 2

=h =t - "m
pg 10°x10 =«

Mass of water in the pipe

2
=(uh) p=mx 107x =x 107 =02 kg

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

B 0.55 11
Cax16x107 x10°

= H = m
327

iy . h; h,
Initial potential energy =m,g > +m,g o
h? hZ h? +hZ
=Apg—+Apg—%=Apg| +—2%
Pg 2 pPg 2 PQ{ 5 }

) ) h, +h,
Final height = Y

Final potential energy

~(h+h,) h, +h,)"
=mg( T ) =Apg| T,

Work done by = Initial PE — Final PE

2
-nos( 5]

(h? +h?)

=Apg[ 5

Apg

=g ohS

“*h +8m+h =22cm+22cm
= h_+h =36cm
P.=P, = hpg=hp g = h x08=h x1

h
= h=gc=125h = h, +125h =36

36
= hw—m— l6cmso BE=22—-16=6cm
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20.

21.

22.

24.

25.

1 1
= 4 Sino P& % 2sin0 COSG:mg(Z cos 0)

25x107*x10°
S =25x2
2sin’ 0 | Th
1 1 m
= sin0==sin0=o oVl

= 6=30°
For minimum depth of water let water height is h

h h
= 4 x| —|= x2
(sin90°)pwg (2) e

N 2.5x%2 1
25><104><103><(2j

= h=2m

P, =P, +hpg
= 1.013x10°+3 x 800 x 9.8 =124.9 KN/m’

P =P, +(1.5+3)pg

P, =124.9x10°-4.5 %800 x 9.8 =89.5 KN/m’

P, =P,=89.5 KN/m’

P, =P, —(3+2.5)pg=89.5x10°-5.5%x800%9.8
=464 KN/m?

W, _ 15N _,
W, -W, 15-12

Specific gravity of block =

When beaker half full with water then it float with
completely immersed.
So weight = upthrust

500
:(390g+ ><1><gj—VinXIXg—64Ocm3

So volume of glass beaker = 640-500 = 140 cm®

density of beak —ﬂ—278/ 3
ensity of beaker = 77 =2.78 g/em

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

0.5
cos®

26.

27.

28.

So upthrust on the plank = ( ) Axlxg

cos0

torque about point A
W x AC sin 6 = Th x AD sin0
(1xA)x0.5%gx0.5sin0

() ()"
"~ \cos0 Axlxgx 2

1 1
:>1——2CO526:>cose—\/§:>6—45

0.5
_cos ) sinf

Work done per unit volume by pressure

= change in energy

1
= E p(V22 - V12) + pg(hz - hl)

% x 10°[(0.57— (1)2] + 10° x 10(5-2)

= —% x10° +30 x10° =29.625 x 10° J/m*

work done per unit volume by gravity froce
=pg(h—h)) =10°x 10(2-5) =-30x 10° J/m’

1 2 1 2
P+ 5 PV :P2+§pvz

1
= 5 p(v,)-v?)=P-P,=hpg

v,>=v2+2gh

v, =2 +2x1000 x0.51 =32 cm/s

(1) Reaction force
_vdm_v2 A — 2h A
“Tar U 100P T MAT BN 700P
_2ghAp _28 )
= (Axhxp)a= 100 10070.2m/s
:: E,Ahv hv,&
(i) 4 p= " 4Ap
m m,g
= +2gh'= [2gx—% = 0
Vo NEs \/g 1Ap \/ZAp
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29. Let v' be the horizontal speed of water when it emerges
from the nozzle then from equation of continuity

Av = av’ ':Av
v=av = v'= —
a

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

2h

h= 2 = t= .,
g g

N | =

= horizontal distance

2h Av [2h
R:V']’_ =14
g a g

30. (i) Velocity of flow

= J2gh =2 x10 x 3.6 =62 m/s

(ii) Rate of flow

(4x102)°

ZAV:TCLTJ ><6\/§

=9.6x 2 x10° m¥/s

(iii) Bernoulli's theorem between surface and A

1
P =P+ 5 pv+pgh
1
= P=P, - 5 pv—pgh

1
=10 x 10°(6+/2)2 - 10°x 10 x 1.8

=4.6 x 10*N/m?

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

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

dm
F_V(_) = Ma=v

dm

at = (pAh)a=vpAyv

dt
dm  d(pA;x) dx
dt dt "dt
= Aha=v’A = Aha=2ghA
2gA1

[ v=4/2gh] = a= A,

=pA =pAv]
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w
9}

CF=nA——=1x100x10*x

/ h /h
NES ngzz g?

gh 3h
(Range), =v, xt= o X |2 % 4_9 (i)

Bernoulli's theorem between surface and B

:26 —+goo— =— (20 2 260 — /

2xh R, 3
(Range), = \/gh x = A _ VY9
B \/7 4g RB \/5

. Velocity at surface = terminal velocity

2 —
- =200k

2 (3x107)*x(10*-10°)x9.8

V2gh =5 9.8x10°

2
e (180)" _ 180x180
2g 2x9.8

180

=1.65x10°m

dv 7x1072 .
dx 10°%

. V=A(a—x)

Open I

®

4—x—> w T

PZ

+— X — > ¢—/—X—>

Final pressure, P = PoVy = P2

or pressure at B, P,
\Y a—x

P,a
+Xpg
a—x

force exerted by pressure difference is

P x

fIZ(PBfPA)S:(PfPO)S=[ +xpg]s

a—x
Mass of horizontal arm A(B) of liquid is
m=A((-x)p

l-—x [+x

=x+ =
I‘X2 2

{Ap (LX)} [f . ] o = [:ﬁx

X

+ xngA

x=0.0lm = x=1cm
length of air column in sealed arm (a—x) = 6—-1=5cm
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38. Upthrust on the block

=2y x1500[g+§] 3y x1000x[g+§)
5 2)"'5 2

=1800x 103 x10=18N

g
Weight of the block = 10 x 800 x [9 + Ej =12N

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

39. (i) As for floating W = Th
Vpg=V dg+V,dg

o BB () B

3. 2.5
e, p=—d+—d=2d
e pmgdrgdey

(ii) Total pressure =p, + (weight of liquid + weight of
solid)Ai.e.,

P*P+Hd +E2d +§dx(éijx ><l

3 1 1
ie. P=P;+ o Hdg+ 7 Ldg=Pt o (6H+L)dg

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

1 1
P+ opvitpgh =P+ S pv;’

. H H 1 )
ie,P,+ Edg—i— E_h 2dg:PO+E(2d)V

or g(3H-4h)=2v?or v = %(31{ _4h)

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

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

x=vt /%(311 —4h) x \/@ = Jh(3H — 4h)
g

(iii) For x to be maximum x2 must be maximum,

d d
: ()= el _4h?) =
e n x)=0 or ah (3Hh—-4h*»=0
or 3H-8h=0,i.e,h=(3/8)H

3H 3 3

- [22@H-2H)=2H
and X 8( 5 ) 1

a
. (i =— 1
41. (i) tan© g mI\
a=4m/s? %\11”‘
(ii) Newa=4.8 3
ano=28 o P 5y

Sm

1
1 '21 \
=volume of water left

1 1.4
= 5 X (24)(5)x4+0.6x20

0

W) 306
= 24+12=36m?

V,=36m* V,=5x4x2 = 40m’
{uj x100 =10%
\Y

1

i tan 6= = = 522
(i and=75=7"10
0. 29 _ 40 * 5
T 9 3 —y—
forces on front wall is 0
:<—y—>

3
5
= J.p{§+xtan9}9(4dx)
0

5 9x?
= 36x10° [—x}+ X —=36x10°+ 1_5+8_1
3 20 3 2

5 h
= (px9 ><§+ng)12 = (p 15+ 15p)=360p
42. Pressure atA, 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
P2 \
" F=(Av p) (v—0) = Apv? R -
- o
orF=7.2N 4|
Total mass of the liquid in the cylinder is
m=Ahp, +Ahp,=450kg
Limiting friction = umg = 45N
.. F<Limiting friction, therefore, minimum force required
is zero.
Consider free body diagram for maximum value of force.
Considering vertical forces, N =mg

Now considering horizontal forces,
F _.=F+upNorF  =522N

m

1
S P, =P+ Eplv2

cov=4ms™!

129



PHYSICS FOR JEE MAINS & ADVANCED

43. W+N,_ = pghnR? 45. (i) AHd _g=Ahd g f,

/ |\ d,

[T\ h=H-%: f =mg—f;
% d7x= gdosa dL

f.=AHd g—Axgd mg
X — If will perform SHM about its position
d ) d, g
W= IPQX(Zm) dx sina x = H, witho= d#
M

cosa L

h
d
ngth—(9+xtanoc) f =(Ag)d, %—x dx
0 cosa. d,
h h 0.8H
dx 9 0.8H Hd 2
= pg2m|ax + | x° tan adx _ f dx— my 2
,([ o ,([ d(D ’(I; net AgdL|: dL 2 .
a 2 3 X2 0.8
= pg2rn 2608a+?tana =Ag|:H(0.8)X—7:|
0
9R -hsina h 9y 1o 108
2 2 2
= pg2mh {m*gta‘““} =A9{H(O.8)(0.8)H——(0'8; H } _ AgH’dm®
2
0
h A =4000x 10 g=10,H=50 x 10
= W = pg2nh? ——t ; ) ;
paer |:2COSOL ana} d =8x107
h 4000 x10* x10 x2.500 x10™* x.64
= pgrnh® [ — —tan (1:| 0= 2
coso. 3
®=.32x%x10* = 32kgC

~p= W (ii) Particle starts oscillating in the fluid

grth? [ R _h . a} Work done by person
cosa 3

1
= Total energy of oscillation work = 5 Ma?’A?
44. Initially: mg=1f, = mg=Vd g=Ahd g

when pulled slightly up by x then 1 . (1 d ]2
el —g —m
t., =mg-f,=mg-A(h—x)d, g = 5 (AH) | d_ H L
=mg—-Ahd g+Axd g = f =Axdg )
force directly proportional to x therefore if will perform work = l AH2 (1 _ d_m ) - 9ka fm
S.HM. 2 L L 8 8
(i) ma=(mg-Vd,(g)) 46. £ =f,—f
f = d_p =v d_m_ 2 Vi
T fi Ah
flzd_p:\/ld_m:psvf fz V2
( \ dt dt
a= L _MJ = a=g _2gx f_ = ps(v,” —v2) = ps2g(h,~h,)
A(H)d 2 £, = 0.51 Newton
2 b . X .
e +gx +g can be compared with 47. ngsm 0=1;|b ) sin6
d? b 2 2
f+m2x+g:0 = W=\/§ (Ab)d g_:(AX)dLg[b—X)éb—sz—X—
dt "2 292 2
2 .
T= r = and time required is =T/2,t=1 sec By solving It x = 3
0]
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48.

49.

. Fromdiagramrcos 0= — = r=

¥g + _f;,T = pmghA “PA
mg + S(4a) = p_gha’ L7 t—
|
b - mg +4aS Ymg
p,ga’

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=rm

dv dr
—_—=n—
dx dx
Where dx is the thickness of layer of liquid.

The area of the considered element is dA = (27 rdr)
.. the viscous force on the considered element is

dF=n(Q2nrd dv
N(2m rdr) ”
Here, velocity gradient is

dv v ro

d« h h
dF=nCrrd ro _mrzdr
N2nrdr) 0 b
The power developed on the considered element by
viscous force is
2mo’ ,

2
dP:VdF:(ro\))%t”Zdr: o r’dr

.. Total power developed due to viscous force is

r=R
P=2 [ dP (on both sides)

r=0

R 2 2p4
2
Y LA
0

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

d
2 2cos0

P (A=P (A)((-h)

(_ T
P,/ P 2T N[gi-z—f
P BT o hiv”

Pr¢ 2T
Pp=—""--—"—+pgh=P
5- /_h N PS 0
= (ZPE}L + pghj = 2TT(Z cos0)

P.h d
T=|—2—+ h)
(Z—h P3 4 cosO

EXERCISE -5

Part#1: AIEEE/JEE-MAIN

1. Elastic energy = 5 X Fxx

F=200N,x=1mm=10"m

1
EZEXZOO>< 1x10°=0.1]

1 1
2. Work done Ekxz :EMZ where ¢ is the total

1
tensions. = —(k¢)¢ = —F/
extensions 2( ) 2

3. Energy density

_ Energy 1

= = — x Stress X Strain
Volume 2

Stress
= — Stress x =

L
2 Y 2y
1 2
E density= — —
nergy density 5y
5. Velocity of efflux through a small hole = ,/2gh where h

is the position of the small hole from the top of the
vessel.

20m

v =42x10x20 =20 m/s

efflux

6. The viscous force experienced by the spherical ball is
expressed as

F=6mrm = for = Fay

o . 4T
7. 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 oc P hence bubble of

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

8. Water will rise to the full length of capillary tube

9. V—S=M = vs=0.1 m/s

v, (Py—p.)

Vg(p,—p,)

10. prg_szg:kv; = V= X
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11

12.

14. ..

16.

17.

18.

19.

. Asliquid 1 floats above liquid 2, p <p,

The ball is unable to sink into liquid 2, p,<p,
The ball is unable to rise over liquid 1, p <p,
Thus p <p, <p,

2T cosB

pgar
As soap solution has lower T, h will be low

Capillary rise

2
Y:ZA YA
/z 4
YAZAl
F = here v =volume of wire
2 2
F oc A2 :Flz(ﬁ\ =[%] =9= F,=9F
A A

1 1

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

According to equation of continuity

2
L v,
AV,=AV, o b=
Vs

Velocity of stream at 0.2 m below tap.
VI=Vi+2a3=0.16+2x10x02=4.161/s

2 -6
r2:\/rlv1 :\/16><10 04 _ £ 0% m
2

v 2

So diameter=2 x /3.2 x 10> m
=2x18%x10°=3.6x10°m
W =8nT [(13)—(r)]
=8x7mx0.03[25-9]x10*=mx0.24x16x 10+
=38x10%n =0.384nmJ~0.4nm]

By volume conservation

4

gnRszz (%msj — R=2%

Surface energy E=T (A)

=T(@4nR?) =T (@n2%13)=2% 2T
—d,

Terminal velocity Vec dy—-d,
n

7.8-1 13.2
= X
,  85x10*  7.8-1.2

<<

—
o

=1.6x10*

<

2

10

V,= T6x10" =6.25x10*
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20.

weight=mg =1.5x 102N (given)
length =/¢ =30cm (given)

=03m
2T/=mg
_mg _15x107 _0hany
T20 2x03 oom

_Mg/A _ ¢ Mg _ ¢ _ Mg
LN A A N YA
Also

- 1/2
h: £ T _T|:1+w:|
T 1 M YA
Mg [T ] Mg
B Nl R 1A

Part # II : IIT-JEE ADVANCED

1.

From equation of continuity v,A=Vv,A,

and

vy —u® =2gs; v, -1=2x10x0.15 =v,=2m/s

A, 1x10™
Hence A, = Nt XY 0
Vy 2

=5x10"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.

Equating the rate of flow

J2gy) x L? = /(2g x 4y)nR?

= L*=271R? = R=

L
J2n
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5. According to Archimedes

principle
Upthrust = Wt. of fluid displaced. ® HL¥P - in
-~ Fbottom = Ftop +V pg
=P xA+Vpg T
=(hpg)x(mR)+Vpg
=pg[nR*h+V]

6. /¢ decreases as the block moves up. h will also decreases
because when the coin is in the water it will displace
equal volume of water, whereas when it is on the block
an equal weight of water is displaced.

7. Y:E ﬁz%zleolll\]/mz-
A/ ¢ 107 x10
5
o Ko AP :(1.165—1.21)x10 155 x10°Pa
D
\Y%
9. The square of the velocity of flux
2___ 2gh 2x10x2.475
v = > = - =50 m?/s?
\/l_(Ao) J1-(0.1)
A
3m
4T
11. P2_Patm:4_T7 Pl_Patm:_
2 R,
Here  R,>R,.SoP,<P,
= Air will flow fromend 1 to end 2.
Comprehension

1. (a) Consider the equilibrium of wooden block.
Forces acting in the downward direction are

Weight of wooden cylinder

P x7(4r)’

N'ﬂ
o
=
N'ﬂ

h
=n(4r)* x h x %Xg: nX16r2?pg

(b) Force due to pressure (P,) created by liquid of height h,
above the wooden block is
=P xn(4r’) = [P,+h pg] x n(4r)’
=[P,+h pg]nx 161’

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

=P, x n[(4r)’—(2r)’] + P, x (2r)?

=[P, + (h, +h)pg] x © x 121 + 4r°P,
At the verge of rising
[P,+ (h, +h)pg] m x 121> + 41°P,

= x 10r’h x §g+[P0+hlpg] x % 1612

16h 5h
= 12h +12h = T+ 16h, = ?:hl
2. (b) Again considering equilibrium of wooden block.
Total Downward force = Total force upwards
Wt. of block + force due to atmospheric pressure =
Force due to pressure of liquid + Force due to
atmospheric pressure

(161 % gt P 1612

=[hpg+P n[l6—4r*]+P x4r

p
n(16r*)h g g=hpgxnx12r

= 16%:12h2 = %h:h2

3. (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.

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.

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-

Fz= nR'hc gh

v »C
h/{'\\“ %
» ,
L2
90 2
%/ RLpg
mg
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mass system in the vertical position of the stable
equilibrium. Let / be the length of the stick immersed in
the liquid.

/
OB=7.LetOG=y

For vertical equilibrium F,=F, = (M +m) g=F,
= nR’Lpg + mg =nR*/cg
TcRZLp +m
(=——7— (@
R%c ®
Now using the concept of centre of mass to find y.

My, +my,
Then v =
Y M+m
Since mass m s at O the origin .". y,=0

M(L/2)+mx0O ML

M +m ~ 2(M +m)
_ (rRZLp)L )
2(rR%Lp +m) (1)

L
Therefore for stable equilibrium 5 >y

. mR%Lp+m g (nRZLp)L
21R%c 2(nR*Lp +m)
=m > 7R (\/pc —p)

- Minimum value of mis nR2L (\/pc — p)

2. (i) Asthe 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.

(ii) For equilibrium

Buoyant force= weight of the body

= h,p,Ag+hp,Ag=(h, +h+h)Ap.g
(where p_= density of cylinder)

h= [M] —(hy +hg)=025cm

Pe
.ss FBuoyant _Mg
(iii) a = M
:{hApA+pB(h+hB)—(h+hA+hB)pc}g g .
peth+h, +he) —6upwars

3. 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

4T 4
pAV? = TXA = r=—7p
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When the tube is not there, using Bernoulli's theorem

1 1
P+%+§mﬁ+mH:§mﬁ+%

1
= P+pgH =Ep(v§ —vlz)
But according to equation of continuity

Ayvy
Ay

2
" P+pgH =—p|vi —| =2V,
Pg 2P{o (Al oj}

1{ (& H

Here P + pgH = AP

According to Poisseuille's equation

Ajvy =A,v, or vy =

R8Pt nlaP)d’
8n/ LYY,
2
(P+ng)a :_leo 1_(&\ wal
80/ 80! 2 \a, )
Ay _b°
where A, ~D?

The free body diagram of wire is given below.

F F

mg
If 7 is the length of wire, then for equilibrium
2Fsin0=W.
F=Sx/{=2Sx/{xsin@=Ax{xg

g .
S= S =
or 2 <in 0 also sin 6 =y/a
a+g
= g = alg = Surface tension S = 2
2y/a 2y v

From law of continuous A v, = A,v,

x4 x1072)?%%x0.25

v, = =
= 2 T[><(1><1073)2 4m/S
2h
and X=VXt=vX ?IZm
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Weight of liquid of height H

d2
=TET><H><p><g (D)

Let us consider a mass dm situated at a distance x from
A as shown in the figure.

dm

The centripetal force required for the mass to rotate
= (dm) xe?
The total centripetal force required for the mass of length

L 2
L torotate = Io (dm)xw

2
x dx

Here, dm =px

Total centripetal force

2
:JL[pxﬂxdxj X X0
0 4

2 2
2 L .
X0 x— (i
5 (i)

2
:px%xmzfg_xdx =pXx

This centripetal force is provided by the weight of liquid
of height H.

From (i) and (ii)
nd? nd? o x1? w’L?
xHxpxg=px X -H=
pxg=p L 5 2g
Integer Type
py A5 p 404 o N
P = *PT oo T8 716N
py 25, p 204 o N
(P = Iy o 04 B m
3
n, = (Pin)AVA ;I’l_B: (Pin)B X[Y_B\J -6
RT n, (Pm)A I,

(500-H)P =300 (P —rgx0.2)
(0.5-H) > 10°=0.3[10-10*x0.2)
0.5-H=0.294 500 H
H=206 mm I

Multiple Choice Questions

1. The maximum stress is called the breaking strength
(stress) or tensile strength.
The materials of the wire which break as soon as stress
is increased beyond elastic limit are called brittle. While
the materials of the wire, which have a good plastic
range are called ductile.

,/ plastic region

Strain
o

proportional Stress | breaking
limit strength

elastic
limit

2. (dm)g=dP.dA

4rG
(p.dA) dr. % —dp. dA
0 2 R
I dp _ 4nGp” I rdr
P 3 r

= px(R*-1)

R
_ 4nGp® | p?
P=737 |12

r

3 clgnR3g+T = pI%nR3g

4 Rr3
2 1R3g
4 Gyl
oy EﬂRzg 3 T

4
= ((51 —pl)gnRSQ =T

o, %nR3g +T=p, g mR’g ¢ P 3 TR

4
A (§RR3)P29
= (Gz_pz)gnR3g:T Fo
Glfplipzfﬁz L ®
0,=P,=h,— 9
0, =P,=P, =6, mg
Fdrag

o, %nR3g =p, %nRag + onn,Rv,
ﬁ _% P

= F
Vo 0P e

VT :ng (p—G)g
9 n

¢ = density of fluid
p = density of object
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\ =(p1—p2) M M

_P
VQ UP) (pz - 61) UP)

Gy =Py = P2~ 6

B MOCKTEST oy

1. figure shows forces acting on a 'particle’ on the surface,
with respect to vessel.

mg sind
— ., ¢ ya 9
H = mgcosd | HMg COS

resultant

mg 1 mg cose

(mg sin 6 & p mg cos O are pseudo forces).

tanp=p .. d=tan'p.
¢ is angle between normal to the inclined surface and the
resultant force. The same angle will be formed between
the surface of water & the inclined surface.

{ free surface is L to the resultant force acting on it.}

h
2. Velocity of efflux of water (v) = ;| 29 (Ej =,/gh

force on ejected water = Rate of change of momentum of
ejected water.

=p@v(v) =pav’

Torque of these forces about central line
=(pav?)2R.2  =4pav’R=4paghR

3. Letpg, p, be the density of silver and liquid. Also m and
V be the mass and volume of silver block.

Tension in string = mg — bouyant force
T=pVe—p Ve=(ps—p) Ve

m
Also V= E

Ps — P 10-0.72)x10°
T_(L]m_( ) X 4% 10

ps 10x103
=37.12N.

4. Weight = Buoyant force

V \Y
Vp,.g= 5 Prg8 T 5 Poil®

_ PHg tPoi  13.6+0.8 144
Pm 2 2 2

7.2
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5 Pressure at 'A' from both side must balance. Figure is
self-explanatory.

- _IEsTn

chg=phg
G 2R sin(45°+0)=

PR [cosO — sinO]
G [cosB + sinB] = p[cosO — sinb]

R[2, h

p-c (45° + 0)
p+o

tan® =
6. The four piston are initially in equilibrium. As additional
force F is applied to each piston, the pressure in fluid at

F
each point must be increased by A so that each piston

retains state of equilibrium.

Thus the increment in pressure at each point is
F
AP= A (by Pascal’s law)

7. Increasing the temperature of water from 2°C to 3°C
increases its density while decreases the density of
iron.

Hence the bouyant force increases.

v
8 V:u+at,aX:T
g _V _05
tan6 = 9 g~ 5
(in triangle ABC)
~10x20 —50
= t= 70 20sec.



MECHANICAL PROPERTIES OF MATTER

9. For the given situation, liquid of density 2 p should
be behind that of p.
Fromright limb :
1:)A - Patm + p gh

4 4
PB:PA-I-paE =P+ pgh+pa§

l 3 ,
PC:PB+(2p)aE:Patm+pgh+ Epaé ...(D)

But from left limb :
P =P +(2p)gh e (2)

From(1)and (2):

3
P . +pgh+ Epaé
=P +2pgh

atm

3a
= hzz_gﬁ Ans.

10. No sliding = pure rolling
Therefore, acceleration of the tube = 2a (since COM
of cylinders are moving at 'a')
P, =P +p(2a)L
(From horizontal limb)
Also; P, =P +pgH
(From vertical limb)

gH A
= a= Z Ans.

11. Pressure at (1) :
Pl - Patm + pg (2h)
Applying Bernoulli's theorum between points (1) and (2)

1
[P, +2pgh] +2pg(h) + 5 (2p) (07

1 2h
=P +Q2p)g(0)+ 5 (2p) v?
h M
=v=2,/gh Ans. —(.2_—)
12. Torque about CM :
£ _ Fy
F,. 4 =la T oM
I ) |
A L ]
= a=7@r) () (p) (e -7
mg
nrll’gp .
o= T 'a' will be same for all points.
Hence (B).

13. by dimensional analysis, (c) is the only correct
answer.

L h VY
14.V,= J2gh V,= ZQE:E

15. Pressure at all points in stream will be atmospheric.

16. Volume of water filled in tank in
t=15 sec.

15
V= J'O Ax10[1—sin%t]dt

cosw/30t}15

V=10A[t+
/30

0
v=1015-91 A
T

v 30
- _|15-=
h="oA [ n}m

17. Figure shows one of the legs of the mosquito landing
upon the water surface.

<

Therefore, T. 2ma x 8 = W = weight of the mosquito.

. 4T .
18. Inside pressure must be e greater than outside

pressure in bubble. This excess pressure is provided
by charge on bubble.

4T o P
T - 280
T |
— =T A e o=—>7
r 167°r™ x 2¢¢ 4nr

Q= 8mnry2rTg,

19. The force exerted by film on wire or thread depends only
on the nature of material of the film and not on its sur-
face area. Hence the radius of circle formed by elastic
thread does not change.

20. As weight of liquid in capillary is balanced by sur-
face tension,
then T x 2nr = mr*h, pg (for uniform r radius tube)

21 -
hl - rpg
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21.

22.

23.

24.

but weight of liquid in tapered tube is more than

uniform tube of radius r, then in order r
to balance h <h,
2T
h<
reg
For hemispherical shape — For flat surface -
0=0
tangent tangent on
on liquid liquid
surface surface

Solid

Solid surface Surface

Balancing the force :

T.4a cos 120° + (pa’g=a’hpg
T.2a=a’pg({—h)

2T

apg

({—h)=

Viscous force = mg sin 0

v v
T MA T -me sin® or ma’ ri a’pg sind

tpgsinfa
\"
2
6 rv, 6 r %v,:a W,
O W,=6 rv,
Wy l Wee W.,"l
when the when the ball attains when the ball attains
ball is released terminal velocity 2/3" of terminal velocity

Figure (1) Figure (2) Figure (3)

When the ball is just released, the net force on ball is
W_ (= mg — buoyant force)
The terminal velocity ‘v; of the ball is attained when net
force on the ball is zero.

Viscous force 6nmnr vi=W

2
When the ball acquires 3 rd of its maximum velocity v,

2
the viscous force is = 3 W

Hencenetforceis W 4 — = W 4=

3 chf

W | —

‘. required acceleration is =

W | o
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25.

26.

27.

28.

29.

=

Veloci di . 05x2
elocity gradient = Ssx102
Also, F=2 Adv 2 0.5 .
B L _ U5
80, 44z n*(0-3) 3 55102
 J
F+——

= 1n=2.5x10?kg-sec/m?

From continuity equation, velocity at cross-section
(1) is more than that at cross-section (2).

Hence ; P, <P, Hence (A)
. A
Al="y = FIA) Y = slope of curve
¢ (4-2)x10°°
Y  4000x103
Given - lm—s Y 4000 x 10° 10N
iven l=lm—> Y=———>— =2 x -
2x1073
dx dx
“—X—>
| LJ+adt | T T+dT
T
Acceleration a=F/m
1 T= ﬂ X E = B
then = 7 m 7
E ion in'dx' el dS*TdX—FXdX
xtension in 'dx' element — dd = AY - IAY
. ! Fxdx Fe
Total extension d = .[0 AY - 2AY

m
dT=dm(£-x)e? dT = —-dx(¢ ~X)o?

] ©
TdT z/2m®2 ,D
I = J. g (=x)dx L THT T
0 0 : </—> |
B 02 1 %'dXHX
m0)2 X2 I
- IX —— !
0| 2 |




MECHANICAL PROPERTIES OF MATTER

Tension at mid point is :

T 3 o ress — 3m/ w?
g mfe® = stress 8A
train = 3m/ w?
= strain= =5
Alternatively
Tension at mid point can be found by using F_,,=ma_
TT
—— — 3
m 2 3fj 3
=— |0°—|== 2
T 5 - ( 4 g mo 1

30. pgh nr? =2xrS cosO

B 2Scos0 _ 2x1x0.5
pgh

—6

103 x10x10

=T

31. The free body diagram of the capillary tube is as shown
in the figure. Net force F required to hold tube is

F = force due to surface F
tension at cross-section s TR
1 X2l
(S, +8S,) + weight of tube.
— (27RT + 27RT) + mg = 47RT + mg 5 2R
mg

Free body daigram
of capillary tube

0 l 2
X
32 - [aT= [Taro?x = T= 0”2
! 2
T 0
TEDUNA <
=Y =aar M7 Ay —x— &
m w’x> d
AY ! 6AY
pco2€3

= M:6—y

Al oc @ = 0,720,

w
w

. The change in length of rod due to increase in
temperature in absence of walls is

Al =17 a AT =1000 x 10 x 20 mm =2 mm

But the rod can expand upto 1001 mm only.

At that temperature its natural length is = 1002 mm.
compression = Ilmm

Al
EE—— 1011 X

— 8 2
/ 1000 ~ 10"N/m

. mechanical stress =

34. The force F, causes extension in rod.

L I—F,

F, causes compression in left half of rod and an

equal extension in right half of rod. Hence F, does
not effectively change length of the rod.

35. The maximum horizontal distance from the vessel
comes from hole number 3 and 4

v = ,2gh — hisheight of hole from top.

2(H-h)
horizontal distance x = vt= ,/2gh T X

= 2,/h(H-h)

36. The pressure at any point can never have different
values. Hence (A) & (D) are not possible. (Calculate
the pressures at points A & D from both their left and
right)

= 5

In case of insufficient length of capillary tube the
shape of meniscus is as below :

Capillary

(Stationary fluid)

37. Since the net bouyant force on the brick completely
submerged in water is independent of its depth below
the water surface, the man will have to exert same force
on both the bricks. Hence Statement-1 is True,
Statement-2 is True; Statement-2 is a correct explanation
for Statement-1.

38. Tension at a point on rod of (length L) at a distance x
from point of application of force is

X
T=F(1- E) in both cases.

Hence weight has no effect on tension in situation of
figure (ii).
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Extension in rod occurs due to force acting at any point
on the rod. In certain cases when net force acts at the
centre of rod like weight, extension due to this force may
not occur like the given case.

dy a, g/2
39. —= = =
dx a,+g -g/2+g
....... (effective gwillbe g—a=g/2]
0=45°

40. As the slope of free surface is 45°. Thus free surface
passes through centre of box and having co—ordinates
(2,2) at top of box. Thus length of exposed top part-= 6
—-2=4m.

41. P=P,+pg,gh=105+1000 x (10/2) x 1 =0.105 MPa

42. p=(10°+103x 10/2 x 4) N/m?=[0.1 +0.02]
MPa=0.12 MPa

1
43. Asmaximumslope of free surface is 7 for the condition

3

of non—exposure of bottom of box, then

a, _1
a,+g 3

6

as a,=g2 = 3a,=a +g
a, = g/2, thus g/2 upward.

44. F=pA(V,—0)?[1 —cos 180°]
=2pAv2=2x1000x2x10%x10x10=40N

45. F=2pA(V,—u) u = speed of cart

_u)?
m- - =2pA (vo—u) :>I

A [ty
u) m Jo

20A  2x10°x2x10™* 4
m 10 100
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1 | 2pAt
Vo —u |, m

11 2At At 1
VO—U VO m 100 e ( )
=10 —i+i_l

at t=10sec. > Ve u-10t10° 2

V,—u=2 u=8m/sec.

46. F=2pA(Vy—u)? =2x 10> x2x 104 (10— 8)?
=2x103x2x104x4=1.6N

—E—Ol6m/ 2
a=7 =0. sec

47. From equation (1)

1 _1_4
Vo-u V, 100

1 1 _ 4t 2 _ a4t 10

810 100 80 100° '~ 16 S¢¢

48. F=2pA(V,—u)*=2x10°x2x10*x25=10N
P=Fu=10x5=50W.
49. Pressure varies with height = P = pgh

and is horizontal with acceleration = P = p/a
so on (A) pgh part is zero while average of pax is

O+p£a} 3
[°] _fpa o _ (pf°) _ ma
[ 2 o) =T5raE

In (B) pla part is zero while average of pgx is

{0+p9q[g ]7 Sy - p(f) (g):%

Similarly for other part.

0+pqgh
2

50 (A) On ABCD avg pressure = [

p1gh h2/
_ | 220 yn) = PO
So F { > }[ ] 5

(B) No contact of p, and not any pressure on ABCD
due to p,

(©) On CDEF due to p,, at every point pres sure is p,gh so
average is also p gh,

so F = (p,gh) (h/) = p gh’/
(D) On CDEF due to p, constant but p, is variable so
average is p, will be taken.

{mgm{MTZth [he]
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51. Downward force = Buoyant force
Mg +4Ta = a2 xpg

X= Mg ;L ATa \_/Tx _____ \\_/

a’pg

20x107° x10+4x70x107° x30x107°
Ix 107" x10° <10

0.2+84 2084 — a —
-5 -5 ~Blsm

=2315cm

Ans. |:X =

52. Thickness of annular space =

mg +4aT
—5 | =23cem
a“pg

20.0628 - 20

2
=.0314cm
In steady state, gravitational force = viscous force

%
mg:nAy

Piston

\'
1x10=10x 10*1><2Tcrl;

1x10=10x10"1x2x3.14 x 10

\
) W,
1020107 102

[N

1=40v

1
v=—==0.025m/sec. =

20 2.5 cm/sec.

53. Due to rotation, Let the shift of liquid is x cm.
Let cross—section area of tube = A
In the right limb for compressed air -
PV = PV 4
PyA X 6=p,A (6-X) -

Force at the corner ‘C’ of right cM

limb climb due to liquid above, |

6p0 e (/+X)/2—
= +Xxpg |A |
! {6 -X pg} '
Mass of the liquid in horizontal arm
m=p (I-x)A

Dynamic Classe

It is rotated about left limb, then centripeted force

Fzzmu)ozr
L+x pAu)
=p (- %A > =0 (2-x?)
But F, =F,
Awe2(12 — x2
pAw” (£ — X )_[m Hpg}l
2 _
_10°x100x(21° —=x*)x10~*
2
_ | 6x10500 o 408 x10x1072
(6-x)

Onsolvingx=1cm
then length of air column=6-1=5cm

54. Maximum stress lies in stepped bar in the portion of
lesser area (5 cm?)

For the stress o in lesser area, the stress in larger
cAl/2 o

A2
Strain energy of stepped bar —

cross—section =

2 2
_9 sk 100-x+ 2] - x10xx
2y 2) 2y

—6—2[500 5x+2.5 ]—6—2[500 25x]
2y X DX 2y DX

00 cm 100 cm
1 00

Strain energy of uniform bar = —— x 10 x 100

2y

<—><—>

As per given condition

o2 o2
S [500-2.5 x 2 %10 % 100
2y | =300 * 2y
500-2.5x =400
2.5x=100

x=40cm Ans.
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