JEE Main Exercise

Po +49(5)+19(20—x) = py +19(20+x)

x=10cm
h,  20+Xx _30_2
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(B)

PpL=P, = Po+puwdh= p0+cpw(n2x+x+x)

= X= Zh
(n“+1)oc
©)
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P =Py, = Py +1000gh = py + ————
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Along vertical,
PL=Po+(2p)gh

P2 = Po +pgh
Along horizontal,

P =p,+ a(£j+2 a(kj
1 =P2+P 5 p 5

= = (pg+2pgh)=(pg+pgH)+

L
29

3paL

= H

(A)

P2 b}

I dp = Jp(mzr)dr
P il

2 .2
ry —r,
= Pz—Plzpwz(z 1}

2

~2(p2— 1)
- P(rzz—rlz)

(©)

The net force acting on the gate element of width dy at a depth y from the surface of the fluid.

il

dF— 5] oy

S A F
Torque about the hinge dt = pgy dy(%— yj

Net torque experienced by the gate.

jdr+F(%)=0

= }pgydy(l—y}rizo = F=ﬂ
0 2 2 6
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(B)

PA
LI

T
F  PoA
For equilibrium of piston,
PA= pgA+F
= (po+pgH)A=pA+F
= F=pgHA

(D)
Let force on the bottom of cylinder by liquid be F,.

F, = pA=(pgh) R F
Buoyant Force = Net hydrostatic force B
= pVg=FK -k

= pVg =F,—(pgh)nR? / '

= F,=pg(V+7R%n) 2

(B)

Weight removed = Decrease in buoyant force
— 200g =1(|2 ><2)g

= |=10cm

(©)

Block experiences a buoyant force due to liquid in upward direction. So, reading of spring balance
will be less than 2 kg.

Liquid will experience buoyant force due to block in downward direction. So, reading of balance B
will be more than 5 kg.

(B)

For equilibrium of block,

B=(8)ang

[
¥'ﬂQ= plAL)g
=0

SF=0
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= B+kx=mg

p L
= = ALg+k| - |=pAL
3 g (:Jpg

= K=2pAg
(A)
i ; Vg Ps
Fraction of volume immersed & ===
PL

It depends upon the densities of solid and liquid only. It is independent of acceleration of system. So,
no change in fraction of volume immersed.

(A)
For equilibrium of cylinder,
B +B, =mg
= (Zd)(Aijg +dA[3TLJg =D(AL)g
= p=4
4
(A)

In steady horizontal flow,
1
p+ > pv2 = constant

So, pressure is greatest where the speed is least.

(A)
Applying Bernoulli's equation for the horizontal pipe,

p+1 v2—p +1 V2
1 291 2 292

1
= pHgg(1cm)+§pw(350m/s)2
1
:pHggh+EpW(65cm/s)2
= 13.6x980x1+%x1x(35)2

:13.6x980h+%><1x(65)2
= h=0.89cmof Hg

©
Applying Bernoulli's equation,
1 1
Py +EPV12 +pghy = p, +EPV§ +pghy
= Vi =Vv{ +2g(h—hp) » {PL= P2}
= vZ =(1)° +2x10x(0.15)
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= V,=2m/s

Applying equation of continuity,
AV = AV,

= 107x1=A(2)

— A, =5x10"m?

(B)
If a ball is moving from left to right and also spinning about a horizontal axis in anti-clockwise
direction of motion, then relative to the ball air will be moving from right to left. The resultant velocity

of air above and below the ball will be (v+or) and (v—or), respectively.

So, according to Bernoulli's principle, due to this differences of pressure, an upward force will act on
the ball and hence the ball will get maximum flight.

B 2><10><(3—O.525)

=50 m?/s?
1-(0.0)°

(A)
Volume flow rate = Oclj_\t/ = Av

Volume flow rate is same for both holes.
= A=AV,
= (Lz)ﬂ/Zgy =(nR2)( 29 (4y))

= R:L

J2n
(D)
Applying Bernoulli's equation,

p+1v2— 12
h 291 P2 2P2

= (po+10*x10x10)+0= p, +%x103V§
— Vv, =+/200 m/s
So horizontal range, R =v,T
2R=V'T
— V=2V, =24/200 m/s
Applying Bernoulli’s equation,

p+1 v2—p +1 V2
1 291 2 292
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21.

22,

23.

24,

25.

= ( Po +10° x10x10+ pextra)+0

= po+%x103x(2\/ﬁ)2

= Pexra = 3x10° Pa =3 atm

(©)
Let height of p above ground be y.

Vp :4/29(H —y) and vg =4/2g(H —h)

R =Ry

= ﬂ/Zg(H—y)\/%iy:ﬂ/Zg(H—h)\/%ih

= y=H-h

(A)

Where tube is narrower, liquid is faster and hence according to Bernoulli's principle pressure will be
lesser. So, height of liquid in the vertical tubes will be lesser where the tube is narrower.

(A)

When air is blown over the tank, atmospheric pressure over the tank decreases. Due to lesser pressure

difference at the hole, velocity of efflux decreases.

(D)
Initial momentum of liquid =d mvj
Final momentum of liquid =d mvi

Py

Change in momentum, dp = dmv(f—J)

= dp:\/fdmv

_ o _ pdm,_ pdlev),
at o dt

= F=2pLV

(A)

F= pav2

= ma=pa(y2gh)

(pAh)OL = pa(ZQh)
2ga
= o=—

So, acceleration at any instant is independent of h.
Velocity acquired by container,
2gat
v=u+at=>v=——
A

Hence, v depends on h as t depends on h.
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26.

27.

28.

(1.9)
Weight of liquid added = Increase in buoyant force

= (Ppw)[%ﬂ(g(g)JG(o-Spw)
S5 ()5 B)

= p=19

(100)
As water level decreases, buoyant force on the block decreases and tension in the wire increases.
Let water level comes down by y, then wire breaks.
T=mg-B
2 (10 — y)
100

= 7x10°x107® =1500x(0.1)° g —1000x(0.1) g

y=2cm
Let the level descends by cm in time it.
2t =(200-100)2 = t=100s

(3)

F, = Hydrostatic force on the upper half of sphere weight of the liquid column above the upper half
of sphere

- p(TCRZ (R)—%nRﬂ g= %an3g (downward)
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30.

31.

Balancing torque about O,

(%pwjﬂZA)g(GCOSG)—pW
12 -x
12— x) A 0=0
[(12-x)AJa 2 Jeos
= (12-x)° =100
= X=2m

(41)

cE

00—
L

\\ :,x.-x. .x -"twr
1€ 4h »—3h > 2
Along vertical, p; = py+pgh
P2 = Po+(2p)9(3h)=po +6pgh

Along horizontal,

jdp =Ipm2XdX

P2 4h 7h

I dP = J- pO2X dX + I (Zp)wzxdx

Py 0 4h

16h? 33h?
= Pp2- plzpwz{T}rzp(Dz[ 5 J

o9
= bgph=4 W = o= |2
gph=41pw =71

77

()
Equation of continuity, Av; = AV,
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32.

33.

34.

n(2)’

n(8)°
= 4 x0.25 = V2

= V,=4m/s

, ’2 1.25
Horizontal range =v,T =V, %h =4 % =2m

(3.2)
Let point B at the nozzle.
Applying equation of continuity at A and B,

AV = AV,

v
Applying Bernoulli's equation between A and B,

1 1
p1+§pV12+pgh1= P, +§pV§+pghz

1 1
= pA"’EpV,ZA"'OZpB"'EpVé"'ng
2

3\, 11034 Ve

= (pp+41x10 )+2><10 {4]

=Py +%x103xvé +10%x10x1.1

(80)
In steady state, Av; = AV,

= 1(0.02)"x1=7(0.01)° x+/2x10xh
h=0.8m=80cm

)

Applying Bernoulli's equation,

p+1 vZ=p 102
dl 291 2 2P2

h 1
= (po +pgh+2pg (EDJrO = Po +E(ZP)V§
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35.

= v, =4/2gh

Speed just before hitting the ground,

V= v§ +[Zg (ED =/3gh
Applying equation of continuity,
AV = AVy
— J6x,/2gh = A/3gh

= A=2cm?

(2.78)
R=v 2—h
\! g
2
= 80v LO)
10

= v=40m/s
Applying Bernoulli’s equation,

p+1 v2—p +l V2
1 291 2 292

:>(p+660><10><53)+0=105+%x660x(40)2

p=2.78x10° Pa

Website: www.iitianspace.com

online.digitalpace.in


http://www.iitianspace.com/

T (e)
(c) From figure, kx,+Fg =Mg -
kxq +c%Ag =Mg ‘ET:O
[* mass = density X volume] E e
=>kx0=Mg-o%Ag =

oLAg
Mg-—~ Mg ( 1 LAc)
— = = = -
X0 k kU 2M
Hence, extension of the spring when it is in equilibrium is,

-

M
2. (0
(c) Pressure difference
I (2 2y _1 2 2
PI—Plzip(vzrv]) -Exl.l({lm) (100)°)

- %x 1.2(22500~10000) = 7500 Nim2

3. (A)
(@) P p (54-x)
8 cm IO S pr
11

shoratBAssavsan s cealbve s ds e e
.....................

..............

.......
......

................

.............

...................
...........
...

P+ x=P,
— Pf=(76__x)

As T = cons. = PV = cons.
:>Pilﬂ=Pfo=»{3><A}x 76 =(76 —x) x A % (54 -x)
. x=38

Thus, length of air column = 54 — 38 = 16 cm.
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(B)
(b) Volume flow rate = AV

Mass flow rate = pAV
Momentum flow rate = pAV?
F=pAVZ =1000x 102 x 1.52=22.5N

(D)
(d) Given: Diameter of water tap =

]
Radius, r = ——x10"%m
\/Tt

Let A,, = Volume flow rate

3¢ =3><IO_3 m> 1

icm
Jn

.| Sl =—x10"3 m/'s

min 60 S 20

Lxl()—3
7 20

1 2
x| — | x107*
%)
pVd

Reynold’s number, R = ——
¢ n

= 0.5 m/s

103 x0.5% 2102

= n
1073

= 5500

(A)
(8) According to Bernoulli's Principle,
1

P - I 2 .2 2
5 PV + pgh =5 PY2 =Y + 2gh = v;
= 2gH + 2gh = v3 4D

alvl = a2v2

2
r
nr? 2gh = nx2v2 = v,= —52gh
X
Substituting the value of v, in equation (i)

4 |

23H+2gh=r—428h or,x=r|: H 4
X H+h
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7. (D)
The volume of liquid flowing through both the tubes i.e., rate of flow of liquid is same i.e., Q= cons.

APrr?

Q= ”an“ [By Poiscuille equation|

4 4 4 4
‘ nPr, nPsr P,

xnll xnlz . Il /2
P,=4P and/ - //4
P _apr 4

- =3 7

h l/4 T
r2 = r|/2

8. (D)
(d) Pressure at interface A must be same from both the

sides to be in equilibrium.

(Rcos0+Rsin0)p,g =(RcosH—Rsin0)p;g
d; cosB+sin6 1+tanB

= d, " cos@-sin® 1-tan®
= (p;+p)tanb=p, -p,

— (Pl —sz
P1t+P2
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9. (D)

4 4 4 _125¢°
R)=nr’=(P)=
(1)3m' (2)31t 7

Pg0)+pgh 125 | (164 64 h=1250
pg(10) 64

On solving we get h = 9.5 m

10. (A

(a) Since height of water
column is constant therefore,

water inflow rate (Q,) Qin
= water outflow rate _
Q =10*ms' [E =
Q,.=Au=10"x [2gh h
L 10%=10*x Hoxh
|
h= %m=50m
11. (B)
(b) Here, volume tric flow rate
_0.74 2 %
= —=mnr'v={ntx4x107 )x/2gh
= ( )2
74 %100 740
=.2gh= RS ot
gh 2407 = 2gh-24n
740x740 2 74x74
=>2gh=——-o-[" 1" =10) > h=——ron _ 4.
B Ao\ ) T

i.e., The depth of the centre of the opening from the level
of water in the tank is close to 4.8 m
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12. (B)
(b) When a body floats then the weight of the body =
upthrust

) 3 30
5 (50) x 100 x()x g =M peg (D

Let m mass should be placed, then

50y < (1) xg=(M_, +m)g ..(i)

Subtracting equation (i) from equation (ii), we get
=>mg=(50)'xg(1-0.3)=125x0.7x 10'g=>m =875 kg

13. (A)
(@) P =P ,+rgd
P,= P +rgd,

AP = P,- P,= pgAd
303 < 10°=10Px 10x Ad = Ad =300 m

4. (C)
4 M_dp, 4p
(c) Mg=(5]pwg °f(,,-)“ 5 or p=$

When block floats fully in water and oil, then

(Vv V 3
(pV)g -[?)Poilg"'zpmg OFT.. = gpw =0.6p,
15. (A) F
. Af
(@) Using A Y'T = Al x F (i)
T=Mg
M Pt \mg=[1-2]m
T =M by = |12 ]Mg—(' Jg
Mg - f; = Mg Pbp’g [Pb 8
3
=ZMg e Tttfn
qun (i) IIT T
A_(' o I_' - Given: Al=4
Ae—T—4[lven. oo mm] lMg

3 3 lMg
= —Af = —x4 =
Al F 4x 3 mm
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16. ©
(¢) Given :
Radius of air bubble = 1 c¢m,
Upward acceleration of bubble, a = 9.8 cm/s?,

Puaer =18 cm™ Fbuoyum
Volume y = 47,3 _ 4% 133 — 419 cm’
3 T"

F o Fouoyant
blloyam -mgzma:>m_ g+a Y.
meVPuB) Voo _(419)x1_419_ 4 c

gra 8 08 10

g 980

17.  (C)
(¢) For minimum densnty of liquid, solid sphere has to
float (completely immersed) in the liquid.
ME=F,(alsoV___ =V, )

mmer sed wial

4 '
Now, m = jpdV and, F, = -,;HR';P;,;{

2
4
So, ]p(,4n[ ) 2dr--3-nR’p,

2
3 5 6 3
AnpyR> 2 4 4 2p,
x = e— R { ——
3 5 3P Pe="%g
18. (D)
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19.

20.

21.

(d) Let P, P, and P, be the pressure at points M, N and O
respectively.

Pressure is given by P = pgh <

e
= pg ez NNz N;§= o

Force on upper part, | = @A

Force on lower part, F> = @ A

(D)
(d Using Bemoulli's equation

- 1,
R + 5PV +pgh = P, +SPU§ +pgh,
For horizontal pipe, , = 0 and h, = 0 and taking

(A)
(a) From the equation of continuity
Al"l= AIVZ
Here, v, and v, are the velocities at two ends of pipe.
A, and A, are the area of pipe at two ends
Vi _A _n@48)?® 9

T vy A4 n64)? 16

(D)

(d F = Momentam transferred by water per sec
=pa\f'>€v

F=pAvi=10%x 10 x 10 % 20 x 20

F=400N
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22.

23.

24,

(B)

(b) Let ‘x’ be the rise (or fall) in water.

Final volume of both vessel will be same

So, 16 x 1074 x (150 —x) =16 x 10~ x (100 + x)
= 50=2x

= x=25cm

Work done = Potential Energy of extra water that enters in
cylindrical vessel =m_, _x g x x

=p, A, X*xgxx

=i Aw gx xz

=103 x 16 x 104 x 10 x (25 x 10-2)?

=1 joule

©
(¢) Apply Bernoulli's theorem between Piston and hole

1
P, + pgh= P, +;pvg

Assum‘mg there is no atmospheric pressure on piston
Sx10 3
—+107x10x10=1.01x10’ NLIVIT xv2

> \

= v, = L78 m/s

(25600)
(25600) Using Pascal’s law,
100 kg -
4 A,
Hydraulic Lift
100xg=mg(Al<A2) ’.
Az Al wdl)

Let m mass can lift M, in second case then

Mog _mg nd?
164, A L
16
From equation (i) and (ii), we get
My

=16 = k
162100 = M,=25600 kg
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25.

26.

(6)
(6) Given,

Height of the water, H = 12 ¢m

Velocity of water coming out of hole, v = JZgh
Range of water, R = vt

= R=y2h ”\/Z(H-h) =
8 I
=2h(H-h)

For maximum range — =0

hoH
2

1
Range is maximum when h = ?2 =6m

(24)
(24) Here, h = constant

So, P+-;—pV2= constant

1 1 T
=R +5le2 =P +EPV22 S B

Now, by equation of continuty.
AV, = AV,
=24,V =4V, = V,= 2¥

1 2
So, Py~P,= EP3V|
Ly 2Rh 2 4500 9000 _,
3 p 3 750 2250
So, ¥V, =2 m/s. i
So, Volume flow rate = 4,V, = 1.2 x 107- x 2
=24 % 103 m’/s
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27.  (300)
(300) By Belmoull’s theorem

P+ pgh + EpVZ = constant

1 >
::»(I’(,-+-L"A£)+pgh=Po+§p.V2

[-- Speed of water in tank = 0

= 25"‘10+1000><10><o.4=%x1000xr2

— 500 +4000= 50002 = V2=9
— V=3 m/s = 300 cnv/sec

28.  (363) ‘
(363) By equation of continuity,

a
av, = 5\’2 — Vy = 2Vl
From Bernoulli’s theorem,

1.3
R +pgh +%pv|2 =P +opv)
| 5
Pl‘P2=‘2'P(V%°V1')*Pghl
l | >
4100= - x 800 (4vi —v{)—-800x 10

4100 =400 x3v} —8000

1mm=nwxﬁ

L
12

v12 o 121x3 =y V363 il
12x3 6
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