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e the coefTicient of static fric
tion (j1) between two surfaces, you arc b
given & uniform rectanguiar block f)l’
wood with a hook attached to on¢ of its
sides. a light spring, a metre ruler and
five weights of mass (M) 0.1 kg, 0.2 kg,
0.3 kg. 0.4 kg and 0.5 kg. In order to cali
brate the spring to measurc forces, one
end of the spring is attached to a fixed
point and the other end is loaded with
given weights asshown in the figure.

To determin

The force (Mg) applied on the spring and The corresponding
length (1) of the spring arc plotied as follows.
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Write down the expression which relates the limiy
iy,

frictional force F° with the
between the surfaces and j.
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(¢) The above exper

placing each weight on top of the

imental procedure in () is repeated b\

biock. The correspongip,

1 values thus obtained are given in the feliowing table,
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block + 0.2 kg weight

Mblock + 0.3 kg weight
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Now the block is placed on a horizontai table and the
fgring is connected to the hook as shown in the figure.
Then the spring is stretched horizontally until the block
juststarts to slide. When this occurs the length (/) of the
spring js measured.

(iii) Draw -
{iii) Draw the best straight linc that passes through the above

points,
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(V) Find the gradien

ofthe .
for . graph, and hence determine a value water are P and P mpcctwcly The atmospheric pressure
isP. .

—'“._-‘—-‘_h_“_"——--—-_

e +
(i} Write down expressions for partial pressure of the dry air

() Wia trapped inside the tube at the temperatures 0, and €.
¥ t # -
mcm:;uldtﬁthcbeammmm li .
ruler? re /in (b) using
T —
e i

(if) Write down the equation connecting P, P,. P,.1,.1,. 0, and 0,

\

(02} A student plans to perform an cxpcnmcnl In the school labo
tory to study the variation of the saturated vapour pressure n}
water with temperature using a ca y

ptllary tube closed at
carrying a small water thread inside iine

(f) Draw a rough sketch to show the variation of the saturated

vepour pressure of water {p) with temperature 0 {in Ce!
{a) Complete the t’ollowmg diagram of the ex; sius), »
perimental aﬂmgc
meat that the student may use. &
0 . > ()
(03) The figure shows an arrangement used by a student to
-1 determine the refractive index of the material of a glass prism.

P and Q are two pins used to trace the incident ray.
(b) How does the student insert water into the tube to form the
water thread?

(c} What is the best position of the water thread to be located
inside the tube at the room temperature? Is it cioser to the
open end of tube or at the middle of the tube or near Ihc

C

closed cnd of the tube? (a) The student has not placed the pins properly. How would
you place them properly?
[1)] - — R
m . -
Give reasons for your choice.

(b) (i} Describe how you would obtain the emergent ray ex
perimentally.

(ii) Why is it not possible to use one pin instead of two
(d) Write down the steps that the student should follow to pins for the above (b) (i)?
carry out this experiment.

{¢) Mark the following angles on the diagram.
{) Angleofincidence, i, '

(i} Angle of refraction at the surface AB, r

(iif) Angle of incidence o the surface AC, r,
{¢) Attemperatures 0, and 0, (in ceisius) the iengths of the air (i) Angle of emergence, i,
column are /, and [, and the saturated vapour pressures of
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{v) Angle af deviation. d

() Write down an expression for d in terms of il i2, rl and 12

(¢) Fora particular incident ray . i, = 10’ andr, = 6°

(i) Whatisthe refractive index of glass?

(i) 1fthe refracting angle of the prism is 60°, find the value
of r

(i) Do you expect to receive an emergent ray from surface
AC for the above incident ray? Explain your answer

(iv) Complete the corresponding path of the ray in the dia
gram given below.

(04) A bridge ciruit is shown in the diagram. R,, R, aad R, are
resistances and R, is a variable resistance. G is a centre zero

galvanometer.

b
(3) When R, increases 1lr.om zero tc a very high value what
would you observe in the variation of the deflection of the
galvanometer?

(b) When the bridge is balanced for a certain Value o 4
rents through R, and R, arc /[ and /, msp"'"'i\'cly 1,

(i) Whatare the currents through R, ang R?

N
T
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(ii) What is the potential difference between B ang I

—
—

m vamni

(iif) Write down the relationships between
V. {Potential difference between A and B) and v
- AD
—

V, and Vo

(vi) Write down expressions for V.. V0. V. and V.t
terms of R, R, Ry, R, and I,

VL = ereaesnssinsssnnsssssanase T
AB BC —_

.,

(v} Obitain an expression for R, interms of R, R, and R

——

- —

(vi) IfR, = 10062, R, = 50€2, and R, = 82€Q, find the value of R,

(c) A student wants to use the above bridge to measurea
very small resistance r (< 1Q). He is provided with th
following, A

Three 10G2, 1602 and 10000 resistors.
Two 0- 10002 and 0 - 10002 resistance boxes.

He replaces R, with the unknown resistor r. Which of ¢
above rcs:‘slm or resistance boxes should he select for R,
R,and R, in order to determine r as accurately as possitle’

For R, 3
For R, -
For R,

I

(d) When the bridge is balanced, it the celi and the £3/*2

nometer are exc , . o
':"“B"ll‘i'Imo:w.-tm"l?anged what should be the deflection

2001 (Adv.Levei) Physies If



o

Sadeepz Pubiishers

e R —

Answer four questions opiy
e HORS ORIY,

| PART B - Essay |

01. Bernoulli's equation for a fiuid flow can be written as

.
Pt =Pyt hpg = constant

where all the symbols have their usual meaning,

(a} () State the conditions under which the Bemoulli's equa
tion is valid.

(i) Show that the above equation is dimensionally correct.

The insecticide sprayer shown in the figure has a pump with a
diameter of 60 mm. The diameter of the outlet tube Q is 2mm
and the insecticide level is 90 mm below the tube. Assume that
the pressure at A is same as that at B and air behaves according
to ali the conditions that you have mentioned in (a} {i).

(i) Calculate the minimum speed with which the piston p

of the pump should be pushed if the air jet in the tube Q
is to coniain insecticide,

[Take the densities of insecticide and air to be 10° kg m*
and 2kg m” respectively.]

(i) if the net resistive force acting on the piston of the
pump is 20N, determine the force that has to be applied

on the piston, in order to maintain the speed calculated
above.

02. The foliowing passage gives some properties of ultrasound

waves and describes a Doppler tcchnique used in medical éiag

nosis. Read the passage carefully and answer the qucstlons given
below.

Doppler method is primarily used to obtain information of
moving objects. In medicine this technique is used to investigate
the movement of red blood cells.

By definition, ultrasound is sound having frequency greater
than 20kHz, which is above the audible range 20Hz - 2CkHz for
humans. The frequencies used for medicai applications are usu
ally in the range 1 MHz to 15 MHz. Use of ultrasound in
medicine has several special advantages. The low intensity
(<0.1 Wm*} beams used are not known to produce any damage
or undesirable side effects to humans. Unlike X - rays, ultra
sound does not ionize atoms or molecules in human ceils. Ultra
sound is also reflected even by objects of small size.

The figure shows a set up used to measure the blood flow in
ablood vessei.

(g=10Nkg"]

e . ——

- ultrasound wave transmitting and detecting device
- coupling gel

T
G
) - skin
B = blood vessel
R

a red blood cell which is traveliing ataspeed v

T
s
. . /
.
._:_"_,—_"" o[> -"R = --

T transmits uitrasound waves with frequency { and after
reflection from the blood cel! receives them with a frequency

f @ isthe ongle between the ultrasound beam and the path of the
blood celi.

Inmedicine (f - f) is known as Doppler frequency f, which
can be written as

fy= 2, vcgsr?

where u is the speed of ultrasound waves in soft tissue,

u is fairly constant for human soft tissue and its value is 1500ms”,
The speed of ultrasound in air is about 300ms-1 and densities of
air and soft tissue are also fairly different. Therefore air/skin
interface reflects about 99% of the incildent vltrasound energy.
This has tc be eliminated when the test is carried out.

(i) what is normal audible range for humans?

(ii) State twomajor advantages of usmg ultrasound in medi
cal diagnosis.

(iii} Is vitrasound a longitudiral or iransverse wave?

(iv) What is the major difference between sound and
ultrasound?

{v) s ultrasound an electromagnetic wave? Give reasons
for your answer.

{vi)(a) Calcuiate the wavelength of 15Miz ultrasound
waves in human soft tissue.

{b) Give a reason as to why ultrasound is also reflected
from smail objects.

(vii) Use the following steps to derive the formula for f,
given in the passage.

(8) What is the componert of the velocity of the red
biood cell R along the direction of device T?

(b) Considering the device as a stationary source and
the red blood cell as a moving observer, write dowr
an expression for the frequency (f) detected by the
celi in terms of f,, v,u, and 0.
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(c) Now consider the cell as a moving source emitting
signals of frequency f. Hence write down 2n expres

sion for £ interms of I, v, uand 9.

(d) Combine the above two expressions and obtain,

Vcos0

u-vcosd
(since v<<uy, u-vcosO=u)

f =66 = 2

]

(viii)

(ix})  Why is it desirable to keep € as small as possible?
(x) What is the purpose of using the coupling gel G?

03. A pointcharge + 1 uC is placed
at the centre © cf an isolated
conducting spherical shell of
inner radius !Ccm and outer /

For f = 15MHz [, was found out to be 8kHz.
Calculate speed v of the red biood cell, Take 0 to be 107,

radius 15 cm as shown in the
diagram. The points p. Q. R, §
and 7 shown in the diagram are
situated in such a way that OP
= 20cm, OQ = 1|5cm,
OR=1§2.5cm, OS=i{0¢m and

CT = 5cm.
. ]
- = 9 2
4ﬂs° 9 x 10° Nm*C- |

(i) What are the induced charges on the inner and outer surfaces
of the conducting sheil?

a9

(ii) Find the eleciric field intensities at points P, R and T Sketch
the variaticn of electric field intensity (£) With the distance
(r) from the centre,

{iii)(a) Find the electric potentials at points P, G, R and 3.

(b) Find the electric potential difference between the points
Tand S. Hence find the electric potential. at point T.

(c) Sketch the variation of electric potential (¥} with the
distance () from the centre.

(iv) If an additional charge of -l uC is given to the conducting
sheli, find the charge densities on the inner and cuter sur
faces of the conduting sheli.

\I}G.. A laminar flow of a viscous liquid is maintaned on a stationary

~ horizontal plate. The top layer of the liquid is moving with a
constant velocity V and the stat ionary bottom layer is at a

depth d.

(i} If the coefTicient of vis cosity of the liquid is n, write down
an expression for the force F that has o be applied on the
surface of an area A of the top layer.

(i) Show in a diagram using arrows, the variation of the veloci
ties of the intermediate layers.

(iti) A person pushes a block of mass 0.5kg on a horizontal floor,
When a horizontai force 0.25N is applied on the block it
attains a constant velocity of 0.01ms™, If a thin layer of an

200! {Adv.Level) Physics il
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oil is applied on the floor, the horizontal “”“,'fquimd
push the block with the same velocity O.UIms:- redy. U
0.05N. The contact surface area of the block is 1 x jg,
and the thickness of the oil layer is I mim. ¥

{a) Calculate the cocfTicient of viscosity of the oil.

(b) Find the effective coefTicicnt of sliding ljrirlion betweep "
block and the floor after applying the oil layer.

(c) What is the energy that can be saved during one secong e
to the application of oil layer? _

: il layered floor, in aqs
lift the block from the oil 1a L in adg
@ .I?wmiﬂu:: ‘:,,;igm of the block a vertical force has 1o

applied upwards on the block. Explain the reason for thjg

05. Answre either part (a} 0F part (D).

¥ d an
/3) The diagram shows how & vo!tmmr an ammeter g
{n) conncctfd to determine the ms:sl:ancc R of a resistor wj; h
is a part of an electri¢al circuit. Let .V_ and 1_ be the
voltmeter and ammeter readings respectively.

{i) Ifthe voltmeter and ammeter were perfect instruments, write
down an expression for the resistance R.

(ii) !f the resistance of the voltmeter is R , obtain an expression
for the resistance R interms of V_, [ _and R,

To measure, the resistance of a nichrome wire a voltmeter of

resistance 10002 and an ammeter of resistance R, are con

nected as shown in the diagram. The internal resistance of the

cell E is negligible. )

Y
¥

——

At room temperature of 30°C the voitmeter and ammeter
readings are 4.00v and 0.020 A respectively. When the
nichrome wire is immersed is an oil bath at temperature

430°C the voltmeter and ammeter readings are 4.05 V and
CoI13 A respectively.

(iii) Find the temperature coeffcient of resistance of nichrome

(iv) Find also the resistance

R, ofth .m.f.of
the cell. 1 ¢ ammeter and the e.m.f.

(®) (i) Draw I - V characteristics of a junction diode. How

Wouid you se these characteristics to identify Si 21
Ge diodes. ’

(ii) Give the circuit diagram of a helf wave rectificr 2
draw_lrnput and output waveforms.

— — ——
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(ifi) An auc. voltage of peak vaiue 25 V is connected series
with a silicon diode and a load resistance 6000 If the
forward bias resistance of (he diode is 400, find the

peak current through the diode and the peak output
voltage,

(iv) A silicon ransistor is connected as shown in the cireuit
diagram. The circuit i designed such that the base cur
BT e H
m:l I, :sdl?ﬂ times smalier than the current through the
voltage divider. find the b : emi
¢ base current 1. the emitter

current I, and the collector - emitter voltage V__ for the
cirucit, “

06. Answer either part (a) or part (b).

{a) A boiler which produces steam at atmospheric pressure has
a metal bottom ef thickness 2cm and surface area 500 cm?,
The thermal conductivity of the metal is 400 Wm-! °C-'. A
heating element of power 20kW is placed beneath the bot
tom. The boiler is wel! insulated and it can be assumed that
on heat is lost to the surroundings.

(i) What is the maximum rate at which the steam is preduced

by the boiler? Specific latent heat of vaperization of water
=23 x 10" Jkg.

(ii) What is the temperature of the outer surface of the bottom
of'the boiler?
Afteralong usage of the boiler a layer of thickness of 0.1 cm
is formed on the inner side of the botiom of the beiler. The
thermal conductivity of the material of the fayer is 10Wm °C,

(iiii) If the boiier still produces steam what is the maximum rate
at which the steam is produced?

(iv) Using standard formulae find the temperature of the outer
surface of the bottom of the boiler?

(v) By reducing the power of the heating element, will it be
possibic to maintain the temperature of water at 50°C

(1) with the boiler fully insulated

(2) without the insulation?
Explain your answer. {Ne caiculations are necessary.)

N . \
( (@ Give a labelled diagram of a set up that can be used to
./ investigate photoeicctric effect.

(i) Sketch the variation of photocurrent (/) with the potential
differcnce (¥) between the eiectrodes for light of fixed
intensity and frequency.

Draw the expected variaions of | with V for the light of
(1} same frequency but twice ihe intensity and

(2) same intensty but a hogher frequency

on ycur above sketch. Label situation (1) as X and
situation (2) as Y.

(i) A surface of a metal is illuminated with light and photoelec
trons arc observed, B

(1) What is the largest wavelength that will caus§ nhoto
eiectrons te be emitted?

(2) What is the stopping potentiai when light os wave
length 220 nm is used?

What is the maximum velocity of the emitted electrons?

Wofk function of the metal

=4.08eV,
Mass of the electron =91 x 107 kg,
Electronic charge =1.60x 10"C,
Velocity of light =3.00x 10°ms",
Planck constant =6.63 x 10 Js.



