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DPP - Daily Practice Problems

PHYSICS  (cPos

SYLLABUS : Mechanical Properties of Fluids

Max. Marks : 74 Time : 60 min.

GENERALINSTRUCTIONS
The Daily Practice Problem Sheet contains 20 Questions divided into 5 sections.
Section I has 6 MCQs with ONLY 1 Correct Option, 3 marks for each correct answer and —1 for each incorrect answer.
Section II has 4 MCQs with ONE or MORE THAN ONE Correct options.
For each question, marks will be awarded in one of the following categories:
Full marks: +4 If only the bubble(s) corresponding to all the correct option(s) is (are) darkened.
Partial marks: +1 For darkening a bubble corresponding to each correct option provided NO INCORRECT option is darkened.
Zero marks: If none of the bubbles is darkened.
Negative marks: —2 In all other cases.
Section III has 4 Single Digit Integer Answer Type Questions, 3 marks for each Correct Answer and 0 marks in all other
cases.
Section IV has Comprehension Type Questions having 4 MCQs with ONLY ONE corect option, 3 marks for each Correct
Answer and 0 marks in all other cases.
Section V has 2 Matching Type Questions, 2 mark for the correct matching of each row and 0 marks in all other cases.
You have to evaluate your Response Grids yourself with the help of Solutions.

Section | - Straight Objective Type P(r=3R/4) _ 63

This section contains 6 multiple choice questions. Each question has 4 @ Pr=0)=0 ®) P(r=2R3) 80

choices (a), (b), (c)and (d), out of which ONLY ONE is correct.

1. A spherical body of radius R consists of a fluid of constant P(r=3R/5) 5 P(r=R/2) 20
density and is in equilibrium under its own gravity. If P(r) is (© m 9 @ P(r=R3) 27

the pressure at #(7 < R), then the correct option is

5T
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A capillary tube with inner cross-section in the form of a
square of side ‘a’ is dipped vertically in a liquid of density p
and surface tension ¢ which wet the surface of capillary
tube with angle of contact 8. The approximate height to
which liquid will be raised in the tube is (Neglect the effect
of surface tension at the corners capillary tube)

2ccosO 4ccos6
b
@ — og () arg
8o cosO q 4osecO
© apg @ “og
A hollow wooden cylinder of height =

h, inner radius R and outer radius 2R~ __|.....
is placed in a cylindrical container of
radius 3R. When water is poured into

the container, the minimum height 4
of the container for which cylinder can | —= o
float inside freelyis N~ 7
(@) hpwater () —hpw""d
Pwater t Pwood Pwater
W2

c) h d —

© @ -

Two solid spherical balls ofradii 7| and 7, (<
r,) and of density o are tied up with a long @
string and released in a viscous liquid

column of lesser density p with the string
just taut as shown. The tension in the string

when terminal velocity is attained, is @

4 (rf ")
@ Entrz lJ(G—p)g

&) 25(r - )o-o)
© 3n(7-n')o-pie
4 (")

@ ERLﬁJ (c-p)g

A narrow tube completely filled with a liquid is lying on a
series of cylinders as shown in figure.

open to atmosphere

Assuming no sliding
between any surfaces, the value of acceleration of the
cylinders for which liquid will not come out of the tube from
anywhere is given by
gH gH 2gH e

@ S5 O O 5T @ 5

6.  Water of density p in a clean aquarium forms a meniscus, as
illustrated in the figure. Calculate the difference in height 4
between the centre and the edge of the meniscus. The
surface tension of water is y.

Section Il - Multiple Correct Answer Type

This section contains 4 multiple correct answer(s) type questions. Each
question has 4 chaices (a), (b), (c) and(d), out of which ONE OR MORE
isfare correct.

7. An oil drop falls through air with a terminal velocity of
5x 10~* m/s. Viscosity of oil is 1.8 x 10~5 N s/m? and density
of oil is 900 kg/m3. Neglecting density of air as compared to
that of the oil
(a) radius of the drop is 6.20 x 102 m
(b) radius of the dropis 2.14 x 105 m
(c) terminal velocity of the drop at half of this radius is

1.25x 104 m/s
(d) terminal velocity of the drop at half of this radius is
2.5x 104 m/s

RESPONSE 2. @@@@ 3. @@@@
G 7. @OO®

4 @OOD 5 OO 6 @OOOD
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8.  Water coming out of a horizontal tube at a speed v strikes
normally a vetical wall close to the mouth of the tube and
falls down vertically after impact. When the speed of water
is increased to 2v
(a) the thrust exerted by the water on the wall will be

doubled
(b) the thrust exerted by the water on the wall will be four
times
(c) the energy lost per second by water strike up the wall
will also be four times

(d) the energy lost per second by water striking the wall

be increased eight times

9.  Alawn sprinkler with two nozzles 0.5 cm. diameter each at
20cm. and 15cm. radii is connected across a tap capable of 6
litres/minute discharged. The nozzles discharge water
upwards and outwards from the plane of rotation. Choose
the correct options.

y = Y

/& ()
N\~
45T T50m. >0cm.

Total torque due to nozzles 4 and B is 0.355Nm

If held stationary then angular velocity with which it

will rotate freely is 9.72 rad/sec.

(c) Ifheld stationary then angular velocity with which it
will rotate freely is 6.14 rad/sec.

(d) Total torque due to nozzles 4 and B is 0.0355 Nm

An air bubble in a water tank rises from the bottom to the

top. Which of the following statements are true :

(a) Bubble rises upwards because pressure at the bottom
is less than that at the top

(b) Bubble rises upwards because pressure at the bottom
is greater than that at the top

(©)

(d)

(@)
(b)

10.

As the bubble rises, its size increases
As the bubble rises, its size decreases

Section lll - Integer Type
This section contains 4 questions. The answer to each of the questionsis a
single digit integer ranging from 0 to 9.

11. A wooden plank oflength 1m and uniform
cross-section is hinged at one end to
the bottom of a tank as shown in fig.
The tank is filled with water upto a
height 0.5 m. The specific gravity of the
plank is 0.5. The angle 0 (in degree) is 15 x that the plank
makes with the vertical in the equilibrium position. (Exclude
the case 8 =0°). Find the value of x.

Two soap bubbles 4 and B are kept in a closed chamber
where the air is maintained at pressure 8 N/m2. The radii of
bubbles 4 and B are 2 cm and 4 cm, respectively. Surface
tension of the soap-water used to make bubbles is 0.04 N/m.
Ifthe ratio Py/P,, where P, and Py pressure in bubbles 4 and

B, respectively is § Find the value of x. [Neglect the effect

12.

of gravity.]

13. A large tank is filled with water
(density= 10> kg/m?). A small hole
is made at a depth 10 m below water
surface. The range of water issuing
out of the hole is R on ground. What
extra pressure (in atm) must be
applied on the water surface so that
therange becomes 2R (take 1 atm=
10°Paand g= 10m/s?) R

A cube of wood supporting 200 g mass just floats in water.
When the mass is removed, the cube rises by 2cm. The side

of the cube (in cm) is 2x. Find the value of x.

14.

Section IV - Comprehension Type

Directions (Qs. 15-18) : Based upon the given paragraphs, 4 multiple
choice questions have to be answered. Each question has 4 choices (a),
(b), (c)and (d), out of which ONLY ONE is correct.

PARAGRAPH-1
A cylinder of radius R is kept
embedded along the wall ofa dam as
shown. Take density of water as p.
Take length as L.

8. @O 9 @O
1. OOQ®®OEO®O®

LN 0]0]6]6]0l6]6]6]6]O)

RESPONSE

GRID

10. @O
1R 0]0]6]6]016]0]0]6]0,

LR0]0]6]6]0]6]0]0]6]0,
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15. The vertical force exerted by water on the cylinder is 17. Volume of fluid, flowing across the section of the tube, in

(@) prnR’Lg (b) prR*Lg/2 it time 1
(© zero @ Zero ' unit time is X
16. Thenet t03rque exerted by liquid on tl;e cylinder is @ vnR 2 ®) vy R
@ 2°R1g ) PRLg 2 =
3 3 © R (d) TR
3
(© pR’Lg (d) Zero . 3 g 4 .
2 18. Kinetic energy of the fluid within the volume of the tube is
PARAGRAPH-2 nlpviR? nlpvE R?
A tube of length ( and radius R carries a steady flow of fluid @) TEpvo Rt (b) TPyt
whose density is p and viscosity n. The velocity v of flow is 2 4
((R2_,2) nﬂpngz nl’pngz
givenbyv=v, L—zJ , where r is the distance of the flowing © 6 @ 3
R
fluid from the axis.
Section V - Matrix-Match Type R C‘;) C?D é (z)
This section contains 2 questions. It contains statements given in two columns, which have to be matched. Statementsin column OGO
| are labelled asA, B, C and D whereas statements in column |l are labelled as p, g, rand s. The answers to these questions have
to be appropriately bubbled as illustrated in the following example. If the correct matches are A-p, A-r, B-p, B-s, C-r, C-s and POO®
D-g, then the correctly bubbled matrix will look like the following: DP@O®

19. Bucket A contains only water, an identical bucket B contains water, but also contains a solid object in the water. Consider the
following four situations. Which bucket weighs more

Column I Column IT
(A) The object floats in bucket B, and the buckets have (p) BucketA
the same water level.
(B) The object floats in bucket B, and the buckets have (qQ) BucketB
the same volume of water.
(C) The object sinks completely in bucket B, and the (r) Both buckets have the same weight

buckets have the same water level.
(D) The object sinks completely in bucket B, and the buckets  (s) Bucket’s weight can’t be compaired
have the same volume of water.
20. Figure shows asiphon. Itis a long pipe which is used to drain water from the reservoir at higher level to a reservoir at lower level.

Regarding the siphon match the following columns : Semmis
Column-I Column-II
(A) Pressure is more than atmospheric pressure at (p) 1
(B) Pressure is less than atmospheric pressure at (@ 2
(C) Pressure is highest of all the five points at : ® 3
(D) Pressure is least of all the five points L ls (s) 4

M 0000 € 0000 7.0000 10000
Al .+ QOO0:B-QOOO;C-OOOO:P-ODOVO
2. - QOOO:E- PQOA;:C-PROD:P- PO

DAILY PRACTICE PROBLEM DPP CP08 - PHYSICS

Total Questions 20 Total Marks 74
Attempted Correct
Incorrect Net Score
Cut-off Score 24 Qualifying Score 35
Net Score = i [(correcti x MM; ) = (In,- -NM; ):|
i=I
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shaded portion.
Here

P4nr?—(P+dP)4nr?
GMr )
= ? p (4nr<) dr

P r
—j dp = —ngp Irdr
0 R

2_9i1 7R?
P(r=3R/4) 16 | 16 63

P(r=2R/3)_[R2 M}-E:%

9 9

Rz_ﬁ
25 16

R 4R? _E
25

P(r=3R/5)_{
an P(r=2R/5)_{

B and C are correct options.

Upward force by capillary tube on top surface of liquid
isf,,,=4ca cos 6.
Ifliquid is raised to a height 4 then we use

4G cos0
apg

4cacos=halpg or h=

2R R
—>

o
)

=

Mg =P 0048 = BTR*A) Pryoag
BrR) Pyooag = BnRH) p,,g
hpwood =H

pwater

4
gn(rl3+r23)(c—p)g=61m(r1 +r)V

4
and S 73 (0 —p)g =T + 6Ty

@

(po - pg%)fh—> '

(po - pg%)fh—»

(b,d)

PHYSICS
SOLUTIONS

() Let us consider an elemental mass dm shown in the

DPP/CP08

4. (7 -1 )c-p)g
3 (n+n)

=>T=
Nosliding = pure rolling

Therefore, acceleration of the
tube = 2a (since COM of ° °
cylinders aremoving at ‘a’) A

Py =Pym +p(2a)L

(From horizontal limb)
Also, P, =P, +pgh (From vertical Imb)

_sH

a
= 2L

Balancing forces in horizontal direction

h) 2y
—pg—=|Lth+yl= pyth = h=, [—
(Po sz Y£= Do g
(b,c) As vtocr2

V| (r)2 v

= VaT .

vy (r/2) 4

b,d) F=pvo = pAv2 >

Clearly when velocity becomes two times, the thrust
becomes four times.

Energy lost per second, P = Fv = pAv3, so it becomes
eight times.

Assume the discharge to be equally divided
between the two nozzles.

3x1073

QA=QB=T=SOXIO_6 m’ /s



10.

11.

-6
vV =Vvp= Loz=2‘54 m/s
n/4x0.005

Vo =2.54¢0s30°=2.2m/s
Vop=2.54c0s45°=1.8m/s
Assume that the water entering the sprinkler
through a tap does not involve any angular
momentum.
When stationary, the torque due to nozzles action,
for nozzle 4, t,=1000x 50 x 106 x2.2x0.20

= 0.0220 Nm
for nozzle B, t5= 1000 % 50 x 106x1.8x1.5

= 0.0135 Nm

Total torque due to nozzles 4 and B,
1=0.0355Nm
When rotating free, let the angular velocity be w.
Now the absolute velocities of the nozzle-
discharge in the circumferential direction are
fornozzle 4, vy, =(2.2-0.2 ®) m/s
fornozzle B, vyp=(1.8—-0.150)m/s
There being no external moment, the angular
momentum should be conserved,
P0,(22-020)x—-02+p Q5 (1.8-0.150)

x0.15=0
Cancelling p and using O, = O, ®=9.72 rad/s.
(b, ©) FiopV Foortom?"!
Pbottam = (Eop +pgh)
As  Puoyom > Ptop e V> K' . .
3
For equilibrium %
Fnet=0 . 'F_ _:______
Tnet = O - &Q 1 e — ——
A == 0.5m ==~
Taking momentabout 0~ K| 07£ & T ===
mgx%sine =FT(£;’“] b .0
Also F = weight of fluid displaced.
Fr=[({-x)4] * pg )
and m=({A4)0.5p,, ... (iii)
where 4 is the area of cross section of the rod.
From (i), (ii) and (iii)
[ . {—x) .
(£ A)0.5p,,g x 5 sin 0 =[(u—x)4]p,g x 5 )sn 0
Here, (=1
(1-x*=05
1-x=0.707
= x=0293m
From the diagram
0.5 0.5
cosf=——=—-—
1-x 0.707
= 0=45°

12.

13.

14.

15.
16.
17.

4  ForbubbleA:

If P is the pressure inside the bubble then

| l‘
B
8 Nm

PA—8=4—T= 4X004=8 = PA =16N/m2
R, 002
For bubble B :

If Py is the pressure inside the bubble then
PB—8=4—T— 4x0.04 _ ) = py=12N/m?

Ry 004

Py 4
P, 3

3 Range, R =vt= 2ghxt ()
Also2R = [2gh' 1 ... (i)
From above equations, we get 4' =44 = 40m
.. Extra height of water =30 m =3 atm.

5

Let the edge of cube be ¢. When mass is on the cube of
wood

2008+ *d a8 = Ldp,08
= 200+ LCdyp0q = Ldp0
= Cdypq = Cdy,o—200 @)
when the mass is removed
Clyygoq = (=2)Cdp,0
From (i) and (ii)
Cdpp-200=(0-2)dy 0

...(i)

But dH20=1

3 -200=02(0-2)
S 03-200=03-2¢2 > (=10 cm
®)
@

() Volume of fluid crossing the section of the tube of
length { and radius R in unit time

2_,2)

RR2 Jdr

2 2 2

R
= 2mv R R =n20
2 4 2

x (
V= I 2nrvdr = j 2nvyr L
0




18.

19.

(¢) Kinetic energy of the fluid within the volume of the 20. (A) - p; (B) = q,18; (C) > p; (D) > s
tube For pipe of uniform cross-section v;=v, =vs=v
1 1 Applying Bernoulli's equation between (1) and (5) , we have
= IE(dm) V= IE(andrﬂp) v PPIYING “ . (hand (5)

R 2 e — )
= J(; nrﬂpvg {RZR_;ZJ dr -

B o)
2
= npvgﬂILr+r—4—L2J dr
oL R* R
2 [R2 R R®) _mipviR’

— i R
R e 6

A)->r;B)—>q; (CO)—>q; D)—>q
In A : Same water level implies

1 ;
<—8 T
W

1
Py =Pat—pv3 —pghy

= vy =4/2gh,

Thus for v, >0, A,>0

Wt. of fluid displaced is the same as that of object hence

. | |
both buckets have equal weight. Also F, =P+ Epv2 =R+ Epvz +pgh
In B, C : Mass of water in both buckets is equal and B has )
additional mass of solid object hence B is heavier. =P, + —pv2 —pgh,
In D : Same water level and object sinks p, > p,, i.e. some
volume of p,, is replaced by same volume of p, mass From the above equation following conclusion can be made
increases. () Py<Py<P,
@) pgh+hm)=F-F
P, - P,
=y +hy)=-2—"2
(h-+1) = B

) ) or  m+h< &
.. Bisheavier. Pg
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