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. 01.  AmanXpullsa wooden box B along a rough horizontal surface with a horizoritai rope R attached to the box as

. showninthe figure. .
ta) (i) Indicate on the diagrams given on the next page,
the horizontal forces acting on the box B and the
rope R. ' _ :
[Use tire following notatioin to label eack force
Fzx = the force exerted by the man on the rope
Fas - thefoice exerted by the box onthe rope
Fas - theforce exerted by the rope on the box
F - .thefrictional force acting on the box])
{ii}  Which of the above forces can be considered as
' an action- reaction pair? - (one line) . ' :
(b)  Whenthe man pulls the rope with a force of 100N the box still continues tc remain stationary What is the
frictional force acting on the box the by the surface in this situaticén? v (one ling) S
[ i When the man pulls the rope with 150 N. the box is found to be ——_"
fet on the verge Gf?novfng. Inpihis :'nsmm:\;!rhat is the force exerted _
onthe boxbytherope? (oneline) . " R
(i)  !fthe mass of the box is 5C kg, caiculate the coefficient of static B |l a
_ friction between the box and the surface. (2 lines) |
(d) () When the force excrted by the man is increased to 200 N, the
' box and ihe rope begin to move with a constant acceleration of IR
2 ms”. If the mass of the rope is | kg, calculate the force exerted _
onthe box by the rope. (2 lines) .
(i)  Calculate the frictional force acting on the bgx by the surface '
underthissituation. - (2lines) - - .
(iii) Determine the coefficient of kinetic friction between the box and the surface. (2 lines)
02.  The figure shows an apparatus arranged by a student in the laboratory to-generate steam. The tube B is used to
take steam out. : ‘ R .
(a) Inthissetupthetwotubes A and B arefixed incorrectly. State how you would arrange them properly.
(i) TubeA: ... TSI AT SO SR U ST RSOt SR EP A R

| roe
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(ii) . TubeB: S A
(b) Whatisthe purpose of having thetube A7 (oneline) -
(c) After making the changes mentioned in(a) the student decided to
use the above setup to detemine the specifi¢ latent heat of
vaporization of water by inserting the outiet of the tube EB
directly into the calorimeter C containing water. This proceaure
is not satisfactory. ‘

(i)  Explainwhy? - (2lines) . .

(ii} The correct procedure in this experiment wouid be to-
connect another piece ofapparatus to the outiet of tube B,
before passing steam into the calorimeter. Draw this piece
of apparatus in the space between the tube B and the

- .. calorimeter. -
(d) (i} -.!naddition to the two relevant temperature measuraments
" what are the other measurements that you would take in
thisexperiment. (3 lines) (3 measurements)
(ii) » What additional data do you need for the computation of
"~ specific latent heat of vaporization of water? (2 lines)

- (hvo datas) : . e
(e}  What precattions would you take in order to improve the accuracy of the experiment? ( 3 lines)

(2 neecautions) .
1 When the above experiment was earried out in o hili-country school laboratory, the baromel
was found to be 720mm of Hg. Expiain how the student should take this factor into accou

calculation. (2 lines)
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gislul_:lt’:;g plansto r;nny outan Fxpcriu:enit usipg a sonometer to determine the frequency (f) ofatuning fork

. nere should he place the scunded tuning fork in order to obtain resonance?  (one line)

(d)  What procedure must he foliow in order to obtain the fundamenial resonance length?(2 lines)

(¢), The student measured the fundamental resonance lengths (/) corresponding to different tensions ¢
sonometer wire using different weights (Mg). Write down an expression re lating M. /. f and the ma:

- unit length m of the sonometer wire. (2 lines) '
(d}- (i)  Whichofthis experimental '7 values is considered to have the highestaccuracy? tone li
_ (i) Givethereason. (2lines) ’
(e) Inthis exi:crimcm the graph plotted by the student is

shown in the figure. Prew) A
(i)  Mark with arrows, two suitable points on the - —
graph. which you would use to find its gradient. [ | ‘ el il
- (ii) Find the gradientofthe graph. (2lines) oo |t 1 /'
(). Ifthevalueofmis8x 10“ kg m", find the frequency of —+ B :
thetuning fork. (3 lines) [ 11 /1
. - 800 |t e .
Figure shows a simple experimental arrangement to find the Pl .
resistivity of a nichrome wire XY. Resistance of the wire is BEE + L/ .
found to be in tiie order of 10042 A is a micro amineter having e . 7 -+
a fuli scale deflection of 100 HA. Eisa 6V cell with negligible . [ | 211 i
intemal resistance. R, is a fixed resistor. and V is a voltmeter . /E
(Both A and V can be considered as ideal instuments). w0 L +1
I ’ H /I |
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(a) Write down an expression relating the length / rediusr -
and resistivity p of the wire XY to its resistance K.

(one line) . : :
(b)  Inorder to measure the resistance of the wire XY using the above arrangement, it is required to ¢

curient in the order of 58 UA through XY. If you are provided witl: a bunch of resisters with values
1k02, 10k£2, 100k$2, IM2 and 10 M2 what value would you chocse for R,? Show your calcul

. (Avoid lengthy calculations.) (2 {ines) . _
(¢  Voltmeters with the foliowing full scale deflections are avaifable for you to measure the voltage

- XY
AT 50V, 100uV.  1lmV. 10mV.and 1comv
State the most suitable full seale deflection for the voltmeter. Show relevantcalculations. (2 lines)
(@) Indicatc by marking*+'and "' signs on either side of A and V symbols in the circuit above, the
i7" terminal connections ofthe ammeterand the voltmeter.
(¢} Isthereanyadvantage of using alow currentin this experiment? Explain your answer. (2 lines)
(f), Inthisexperiment following results were obtained by a student.
k: Measured value of the resistance of the wire = [05{2
Lengtl: of the wire = 1.0m
Redius ofthe wire ‘ =5x10"m
Calculate the resistivity of the material ofthe wire. (3 lines)

L
i :
(¢)  {fyouareplanning to obtain the resistivity of this wire by means of a gra

h, what modification wo!
sugigesi (o the above expecimiental arrangement in order i abtain « set of readngs,

{2 darerxs
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Wind blows along a horizontzl direction in an open space at a constant velocity v. If the density ofairis p

Dl (i)
! write down an expression for the kinetic energy (E) per unit volume of a moving column ofair.

(i)  The Kinetic energy carried by the wind can be extracted through the rotating biades of a wind miil. and
|_ subsequently converted to useful energy. Consider a situation where the wind is blowing normal to the
= plane of rotation of the blades of a wind mill. The area swept out by a rotating blade is A. Assuming that
ail the kinetic energy of the wind blowing throtdgh 2 cross-sectional area A could be extracted by the
u : blades. show that the rate at which the wind energy is transferred to the wind mili
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(iii) When a certain wind miliis in the free running state (i.e. when itis not coupled to any other device such as
a waler pump) the blades are found to be rotating at a constant angular speed of 30 revolutions per
minute. When the wind suddenly stops the blades come to restafter 2 minutes due to frictional forces. if

the moment of inertia of the system of rotating blades about its axis of rotation is 10,000kg m® calcuinte

—3

the average frictional tocrque acting on the system.

I (iv) Hencecalculate the rate at which the wind energy is extracted by the rotating blades of the' wind niil!

{v) Ifthe velocity of the wind is 10ms” . area swept out by a blade is 30m’. and the density ofairis 1.3kgm"
find the efficiency ofthe wind mill when it is in the free running state.

The near pointofa far-sighted person isat 100 ¢cm. and thatforanormal personisat 25 cmi.

V(r&{ Sketch two separate ray diagrams, one for the defective eye, and other foranormal eye to illustrate
where the image of an object which is atadistance of 25 cm. is focused by the eye lensecs.
Cf./ What is the focal length and the type of the le'n;. ofthe éye glass that the person should wear in order.

to correct his near pointte 25 cm?
State clearly the sign convention you used. .

M Considering that the lens of the eye glass and the eye lens are in contact. catculiate the focal iength
of the eye lens when an objectat a distance of 25 cm is focused. The distance to the retina from the

S — e :T\-‘Kr_:;

elensis 2.5cm.
Ujj/g\:hgg: an object at infinity is focused on the retina by the eye without the eye glass. What is the

powerofthe eye iens?
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A proton enters perpendicular to a uniform magnetic field of flux density X X X X X X

e s e . ' : i X X X

0.017 T with a velocity of 8.0x 10°m s as shown in the diagram where the ’; " z g
e . . ' X X

magnetic field is directed into the paper. The charge and the mass of the proton X X X X X X

-4 - . .

are 1.6x10""C and 1.7x10% kg respectively. v IX X X x x X

. : . . e —>x » % X N A
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Find the radius of the path. Copy the given diagram and draw a 3 X o %

rough skeich of the path ofthe proton on it. X %X X X X X

X X X X X X



L)
i)

(iv)

L]

(b)  [finstead &n electron enters with the same veiocity ir a simifar manner how does its pa
from the path of thie proton?
Daduce the radius of the orbit of an a particle entering this magnetic ficld with the same veion

similar manner.

" If a neutron enters the magnetic field in the similar manner. show its path on the dizgram drawn i

Lable tie path.

Ifa suitab'c uniform electric field is now applied in nd..htmn to the magnetic field the defle

parhcles due to the magnetic field can be nullified. Find the magnitude and direction of this elec
for a proton. Will there be any change ofthe velocity of the particies in'this situation? Give the re

your answer. ' ) o

04. , Write down the Poiseuilie's equation for a stream line fiow of a viscous fluid through 2 tube. identifyin

symbols

" Draw a labelled diagram of an expennemaﬁ setup used ina s..;,ool iaboratory to find the coefficientof v

~ of water using the above equation.

~

. . T a

Bneﬂy state the procedures that shouid be adopted to enltance the accuracy of the final result.
I-:gu-'e shows 2 rough sketch of a syringe that can be used to inject liquid drugs intc biood veins. Th

“Inside the tube is slow!y pushed out through the need! edB: by applying a constant force on D.
.,engtn cfthe needle is 2 cm and ithad bore of radius 0. DZcm Assume tn.at the velocity of the liquid in

wn:l_er'i:me is negligibiy small under this sitvation.
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(i)  Draw the variation of the pressure inside t'bc liguid along the axis of the syringe from C to

(i) When the end B of the needla is exposed to the 3.1105p.1€"1: the time taken to push 1 cm

liquid ihrough the needle is 10 s. If the coeﬁicmr ofwscosny of the liquid is 1 x 10" N

" celculate the pressure difference across AB

Assuming that the averadge excess blood pressure over the atmospheric pressure is 100
g g pr

—
o
=
—
L

o : . : .. LTI
Hg, calculate the additional force to be applied on D in order to inject | em’ of the liqui

blood veinin 10s. .

ir Densityof Hg =13.6x 10’ kg-m"‘. Cross-sectional area ofthe piston € =0.75 cm'.

5. : ._Er;_ﬁnswer either part {m} or part(b).

A 60 W Iight bulf)is connected toa 12V voltage sdurce ising a copper wire. The bulb lights wit!
brighinoss. .

< (i) Cal-.:ulatethccurrent:ltraughthcwire.



(ii) Considering that each copper atom contributes one electron to the conduction process.

Calcutate the number of conduction electrons in 1m’ of copper.
[Relative atomic mass of copper = 63; Density ofcopper = 9.0x | 0'kgm”
~ Takeavogrado's number as 6.0 x 10" atoms per gram mole.) L S
i g : i

(iii) If the radius of the copper wire is 0.7 mm, caiculate the drift velocity (v,) of conduction
electrons in copper (Electronic charge=1.6x10"" C.) |

(iv) Assuming that the conduction electrons act like molecuies in a perfect gas determine the -
rootmean square veiocity (v,,.) of elecctrons at 2‘1 C.(Boltzmann's constant= 1.4 x 10° !

: Mass of the electron = 9.1x10™' kg ) Explain why Ihl!-.’f.‘ is a vast diffirence of magnitudes

between V, and V__ 7

(v} Ifthe length of wire is | m. what s the time taken by an electron to travel from one end of the
wire to the other 7 in reality, however, the bulb will light as soor as the switch is ciosed.
* Explainthis. ‘
(b}  Draw the circuit symbol of an uperaﬁunal'mpiiﬁén ciearly identifying the non inverting in put V)

inverting n::-ut {v,)apdtheoutput(y,) - -
If 4 isthe open loop .gain of the ap:ratmnal ampht‘ er, wnte daw-s an expression relating the inputs

v,V and the output v, .

() AT4l operational ampiifier has an open loop gain of‘l 10°, and it is powered with supply
voltages of + - 15v. ifvalthges v,=-3mV and V,= -5 mV, are appﬁad to the uperational
- amplifier inputs, what would be the polarity and *:he appmxuna'.e magnitude of the expected °
of the expected output voitage v,? '
(i) - (a) You are provided with two resistors R, and R, draw a circuit diagram of a non-
inverting amplifier, clearly showing its input and output.

(b) Inanexperimentthe voitages pmduced bya llmrmoénupte in the range of 0- 10mV
are to be measured with a voitmeter having a full scale deflection of 1 V draw
circuit diagram to show how the non.inverting amplifier given in tii) (a) is inserted

. L between the thermocouple and the voltmeter in order to obtain a full scale defiection

%
from the voltmeter for 10mV thermocouple output.

" (c) Of the two resistors R, and R, if the smaller resistor has the value | kf2. what
should be the value of the other resistor in order to achieve the full scale deflection in
(i) {b)? :

() IF v pre nonerided yrith annthor mneisees & 20 =t - wny Kegs, 50w 5 0uld yo Racaely e
. circuit given in (i) (b) so that it can be used to measure voltages in two ranges 0-10mV
-and 0-100 mV separately with the same voltmeter giving full scaie deﬂcclions in either

range the two - way key is used to select the required range. Find a suitable value for R,
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