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STRICTLY CONFIDENTIAL

General Certificate of Educatioﬁﬁ(Adv. Level) Examination
August 2007 '

Marking Scheme for Physics IT

PART A — Structured Essay
Answer all four questions on this paper itself
(g = IONkg™) 5

You are to determine the density of the material used to make a A4 size (30 em x 21 em) photocopy
paper.
(@) You are provided with a spring balance, a triple-beam balance and a chemical balance which are

available in a school laboratory. What is the most suitable measuring instrument that you would
select to determine the mass (z1) of the sheet of paper?

v

------------------------------------------------------------ 01

(b) In order to determine the volume of the paper you have to take three measurements. Indicate below
the most suitable and appropriate measuring instrument you would use to measure each of them.

Chemical Balance

Measurement Instrument
(1) Langih ofthe pese ey B Meter Ruler / Half Meter Ruler ...0]
(2) Width of the paper (say w) Meter Ruler / Half Meter Ruler ...01

(3) Thickness of the paper (say 7). Micrometer Screw Gauge ......... 01

- (No marks for any other instrument; Do not award marks for the correct
instrument written with several other ‘possible’ instruments;
No mark for foot ruler)

(¢) Write down an expression for the density (d) of the material used to make the paper, in terms
of m, I, w and 1 . i

d=21

................................................ s R
Iwt

(d) When measuring the thickness, it is more appropriate to take several readings at different places
of the paper. What is the reason for this?

The thickness may not be uniform

OR

Thickness may not have the same value everywhere
OR

Thickness can be different at various places
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(e) (i) Once the most appropriate measuring instruments are used by a student to measure ! and t,

the values he obtained are given below. Determine the fractional error of each of the
measurements / and 1. (It is mot necessary to simplify your answers.) =

M 1 =300cm .‘_[ ,EJ o . ol
300\ 30) BYT
b "
1 0.01 r 005
" 5 it} e | 2EES. O]
@ ¢ =015mm _ 15[""0.15] 015

(Accept percentage errors as well)

(i) In order to achieve the fractional error of + same as that of /, a student suggested to measure
the thickness of a bundle of papers. How many papers does he need to make the bundle?

B0 oicpmrs veacnai s RRRR RN © RO Sy ik Al s s S - R 01

(H In practice, a unit called gsm is used to measure the thickness of papers. gsm stands for grams
per square metre, i.e. the mass of 1 m? area of a given paper.

Assuming that in (@) and (b) above, m was measured in grams and the [ and w were measured!
in centimetres, write down an expression for the gsm value of the paper. -

4

gsm value = or—as . A B A i
wx10™ Iw

(Award the mark if / is taken as 30 and/or w taken as 21)
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2. You are as_ked to design and perform an experiment in the school laboratory to determine the specific
heal_ capacity of a metal using the method of mixtures. Water, a thermally insulated calorimeter with
a stirrer, a thermometer and small metal balls heated to 100 °C are provided.

(g) What is the other instrument you need in this experiment?
Chemical balance OR Triple beam balance OR Four beam balance OR
Electronic Dalance.....overvrirrerserrransrsressessesarassisnrsssmmenansnsnsnssns 01

(b) What is the advantage of using a thermally insulated calorimeter?

Heat loss to the@urroundiné)can be neglected

OR

No heat exchange with the@urmundjng) *
OR

Heat loss to the@umundin@is minimized (OR prevented)

ANY COITECt ONE  ...cvvrareresesanesasacnnns 01

(¢) List the measurements you will obtain in this experiment in the order that you perform the experiment.

1. Mass of calorimeter (with the stirrer)

2. Mass of calorimeter, (stirrer) and water

3. Initial temperature of water

4. Maximum temperature of the mixture/water

5. Mass of calorimeter, (stirrer), water and metal balls
or mass of calorimeter and its contents
or mass of calorimeter and the mixture

R IO o iwos s, 02
Any correct three in order .............. 01
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(d) The amount of water used in the calorimeter should not be too small or too large.

(i) Give a reason as to why it should not be too small.
Should not be too small because, -

Water may not cover the metal balls completely.

« OR .
Water may vaporize (or cvaporatcid_ue to high t.cmperature)
it gains.

OR \

Metal balls will not mix properly with water.

OR

Heat loss to the surrounding will be higher.
OR
Heat in metal balls will not completely absorbed by water
2085k pepol ffe amd endl.
~ ANY COMECL ORE. v aiiiis ta5i%s s vosva 01

(ii) Give a reason as to why it should not be too large.
Should not be too large because,

Water may spill over when stirring
OR

Water may spill over when balls are transferred
OR

Increase in temperature may be too small
OR Increase in temperature of water may not be detectable

AN COReCT DO, . onsisiniibin o555 01

(e) Suppose the following values were calculated from your experimental results.

Heat gained by calorimeter, stirrer and water = 2400 J

Mass of metal balls =03 kg

Decrease in temperature of metal balls =64 °C
Calculate the specific heat capacity of the metal.

If s is the specific heat capacity of metal,
Heat lost by metal balls = 0.3 xs x 64
Heat lost by metal balls = heat gained by calorimeter, stirrer and water

0.3 x s x 64 -1 SO SO 01
2 SIS it 01
g :
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(i Why is it not suitable to heat the metal balls in a water bath at 100 °C in order to obtain the
‘metal balls heated to 100 °C’ required for this experiment?

Water will be added to the mixture along with the metal balls

OR

Temperature of metal balls will be reduced when water is wiped off
from the balls

OR

Dry balls cannot be obtained from this method

OR

Heat lost to the surroundings will be high while transferring the balls

AT COMOOE ORB .« 5 se s sliial s fase s r oas 01

{g) Instead of small metal balls, is it possible to use metal powder in this experiment? (Yes / No)
Give two reasons for your answer,

No.
1.During the transfer of metal powder to the calonmeter amount of
heat lost from the powder is high becaus&its high surface area.

OR

Temperature of metal powder will be less than 100 °C when it is
transferred to the calorimeter because of higher cooling rate due to
large surface area.

2. Metal powder may float in water.
3. Metal powder may stick on to the wall of the calorimeter.

ARNY COITECt tWO....cuiruruernrraranrssnscssrasasnrssnsnsnnss 01
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3. A student is asked to design an experiment using the resonance phenomenon to determine the speed
(V) of transverse waves in a sonometer wire being kept under constant tension. The student is supposed
to use a graphical method. A set of tuning forks is provided for this purpose.

(a) If resonance at the fundamental mode was obtained with a tuning fork of frequency f, write down
an expression for v in terms of resonance length [, and §

v=fiA and A=21 I T ¢ TT—— 01
\-".‘-‘-{)‘:EX -

form y = mx, where y is the dependent variable. In
at it is not a reciprocql of a measurement. Identify x.

(b) Rearrange the expression in (a) above to
this experiment choose y in such a w

7 R 01

g=fl
2 f
y:
xr=

!
k3
f

(c) Staie whether you would start the experiment with the tuning fork having the highest frequency
or with the tuning fork having the lowest frequency first. Give the reason for your answer. '

Step (i) First use the tuning fork with the lowest frequency and check

the resonance length
Reason: To make sure that the wire is long enough to get the

resonance lengths for all frequencies.

Step (ii) Start taking data with the tuning fork with highest frequency
Reason: To make sure that the fundamental mode of resonance

is taken in increasing the resonance length for successively decreasing
frequencies.

(Either step (i) or step (ii) can be considered as correct answer)

(Correct reason in either CASE) ..ofiinnnnnninens 01

(d How would you identify the tuning fork with the highest frequency from the given set of tuning
forks, only considering their physical dimensions?

The shortest (smallest) tuning fork........ s R SRR NN 01

(e) Why is it easier to observe the resonance state of the wire at its fundamental mode of vibration
than at an overtone?

Vibration amplitude is highest at the fundamental mode.............. 01
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() The graph, y against x, obtained by the student is shown below. All quantities are given in SI units.

U y=mx
0.40

0.35

y-axis
N

0.30 »

e

0,25

I
0.20 . x-axis
0.0020 00025 0.0030 00035 00040 _L(pst)er
L(wr)or®

(i) Label the axes of the graph with units. ¢

Y axis - /(m)
X axis - I/f (Hz " or (s)
(To award this mark both axes must be correctly labeled with units) .-+ 01

(ii) Calculate v from the graph. Clearly indicate the two points which you have used to calculate v. -

(Selecting the two points shown in the figure) ............... 01
Gradisat 0.39-021 _ 0.18 s
~ 0.0038-0. 0021 0.0017 i 3
=105.88 ms’'
y=2m=210.76ms™" 210 : :
Any value in the range (210-212 T TR L 01

() The error Al of the resonance length [ has two components; i.e. memadmgerror (A1) of the
' mstmmcmusedtomensumlandghemduewﬂueunmwntymohtmmngﬂwmsmancestate

(Nz] How would you experimentally determine Al,?

Repeat obtaining the resonance state several times by adjusting
the peg (and estimate 4/, )

OR
By slowly moving the position of the peg within the resonance

region and detecting its limits
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Figure shows an incomplete diagram of an experimental set-up of a potentiometer arrangement used to
compare the e.m.f. E and E, of two cells, PQ is a wire of length 1 m and resistance of 20 Q.

X, ¥ and Z represent a 2 V accumulator, a switch, and a centre zero galvanometer respectively. S is
a two-way key.

A

s

—0

(a) Complete the arrangement by connecting the items X, ¥ and Z to the circuit with lines.

Proper connection of the 2V accumulator as shown ................. . 01
(Award this mark even if the switch Y is connected in series with X)

Connection of the key (Y) and Galvanometer Z ~ ........coeevnnnnnn 01
(Award this mark even if a student has drawn a separate key
across the 1000 ohm resistor.)

(b) In order to perform this experiment the magnitudes of E, and .'z"1 must satisfy a certain requirement
with em.f. of X. What is it?

Magnitude of the e.m.f. of X (or accumulator) must be

greaterthan E, & E; OR  2V) EjandE;  .oooeeviiiniiininnnnnnnn, 01

" (¢) Do you suggest a tap-key (T) shown in the figure to the accumulator m_.
circuit? (Yes/No). State the reason. 7
No (or delete ‘Yes’) '

Reasons: Wire does not come to steady state OR
Voltage across the wire can not be kept constant  OR
 Temperature (or the resistance) of the wire will vary.
2gh IEu e D 4SS ggs Any reason............ 01
(d) Give a reason as to why a much thicker wire of the same material should not be used as the
potentiometer wire.
Accumulator will be discharged rapidly OR _
E.m.f. of the accumulator can not be maintained at 2 V (constant value
throughout the experiment) OR the potential drop per unit length of
the wire will vary OR Wire will be heated up excessively
Any reason ......... 01

8
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(¢) List the essential steps that you would perform when obtaining a balanced length.

(Select one of the cells (E; or E;) with the 2-way key.
Check for proper battery connections by placing the jockey at the two
ends of the wire and observing opposite deflections of the

galvanometer.)
5
(i) Momentarily touch the wire with the jockey and find the approximate
BAIEOBIOINE: ooisnicrcimmunmmsmspies s eSS 4 s R A 01
(ii) Close the switch Y and take the exact balance-point .................. 01

() Write down an expression relating E, E, and their corresponding balanced lengths I, and [,.

(E; = ki,
Ey= Hz)
E,

h
IE2

L)

E .
(2) If you want to determine the value for the ratio = by plotting a suitable graph, state what

E
modification you would propose to the circuit.
i i 1 i iomet & v 01
Add a resistance box in series with the potentiometer wire

by Baderd 7.5} M€ .

(H) When a student began to perform the experiment as mentioned in (g) above, he found that the
lowest pair of values that he could obtain for /| and I, were closer to 100 cm. As a result he was

unable to obtain a good set of measurements to plot a graph. How would you overcome this problem
experimentally?

Replace the 2 V accumulator with another accumulator ibatteg{_ ) having a
larger e.m.f. OR Connect another accumulator (battery) in series with the

accumulator OR Connect another 2 V accumulator (battery) in_series with
10 FIESL, ouvveieveososssonanansrsnasasnssssssssstsssossnsvsssshanssnsessncsasasesnssans 01
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PART B — Essay .
Answer four questions .oiily.

(g = IONkg™ "~
1. The figure shows a hydraulic braking system which could be Master  Brake Secondary
used to stop a rotating wheel. A force F is applied perpendicular pump (M)  fluid pumps (S)
to the brake pedal (B). The pedal rotates freely about a fixed Axis (A) e VO
axis through (A) and perpendicular to the plane of the paper ?
as shown in the figure, and causes a force to be applied 5cm[

perpendicularly to the piston (PI) of the master pump (M).

The resulting pressure is transmitted by the brake fluid to the 20 cm

two identical pistons (Pz) of the secondary pumps (S). Then

the brake pads (L) attached to the pistons move a little distance : E
and press against both sides of the rotating wheel. Assume that F
the brake fluid is incompressible. Cross-sectional area of the

-
Brake al (B
master piston (F‘l] is 1 cmp'. and the cross-sectional area of ped ) Wit

the secondary piston (PZJ is 3 cm?.

(i) When a certain force is applied to the master piston it moves a distance of 0.6 cm to the right in this process.
How far .docs a single brake pad (L) move?
(ii) If F= 10N,

(a) what is the force applied on the piston (Pl) of the master pump? The required distances are marked in
the figure.

(b) calculate the pressure exerted by master piston (Fl] on the brake fluid in pascal,

(c) calculate the force exerted on the brake pads due to the pressure created on the secondary pistons (Pz).

(d) if the coefficient of dynamic friction between the brake pads and the wheel is 0.5, calculate the frictional
force acting on the wheel due to each pad when they are pressed against the wheel.

(iii) Before applying the brakes, the wheel was rotating freely at 600 revolutions per minute. If the distance from
the rotating axis of the wheel to the line of action of the frictional force is 5 cm, how long does it take to

stop the wheel when brakes are applied with F = 10 N as above? The moment of inertia of the wheel about

its axis of rotation is 0.1 kg m?. Assume that the frictional force remains constant throughout the motion.

How many revolutions does the wheel make before coming to rest? (Take 7 = 3)

(i) If x is the displacement of each brake pad then,

Ix0.6=2x3xx
o B M P e o O i i B i A e 01

(i1) (a) Let F be the force on the master piston. Taking moments about 4

10x20=Fx5
Fadl I ansamisnsisstnsisssabassasinmisesi |
(b) Pressure on the master piston = T%g-
L —— T ARG 01
10

cmgs e e ) Do e ae (e g on/odue o nled odioa ¢ b 6i0 B3onda www.alevelapi.com odo
rd|x



Jee E»U'Fbl%l:r 4

¢) Force on a stave piston =4x10°x3x10™ .....vivmmiiinniain 01
p
(correct substitution or the idea that the same pressure transmits
throughout the liquid)
21 N cocciniiineiimieoibiviassimaaeiire v s svepenss s snens 01

ok 240N en beth Peds 08 @a, e,
(d) Force exerted on the wheel due to a single brake pad
~120%0.5 (OR application of F=uR) ..... Wi 01

P Y - SRS SRR S A A 01

P GOND.05 =0.10 consrsiveerisonsnarssnmpnpssssnidasoassnsasessasahaoncarares 02
(01 mark —L.H.S; 01 mark — R.H.S.)

a =-60 rad s?

Initial angular velocity (&, ) of the wheel

= @, =2xx%(—]09(ar‘2rrx10 0r 20 07 60) L.eniiiiiiaineininiaaas 01
ADDIYING @ =@, +Qf +euvenuiiemiennniiisnniiraseesiisinnnannsesaanes 01
0=20r-60¢
F=1 8 iuvensnsnnnonssssssnsasncssssedbuhesvaswonivhovcneessiulianseasius 01
Applying 3=w[,r+~]2-aﬁ OR o' =} +2a8 OR 9=£%"Ji
OR re=%m ..................................... s 01
6'=20:rxl~%x60x1 OR 0=(20%) —2x608 OR 6= 20’;"1
6 =30 rad
Number of revolutions = —
=5 reVOIULIONS ...oowsessssnssesasssnennnsonionenns 01

11
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{Note: If a student takes = = % instead of 3, then the corresponding answers

will be
1=1.05 8(1.04-1.05) .c.0ocvnens v. X0

Number of revolutions =5.24 revolutions (5.23 —5.25)...... 01}

2. Figure (a) shows a cross section of a human eye. Although it is normally considered
that the eye lens is responsible for the formation of the image on the retina, actually Retina
it is the combination of the cornea and the eye lens that forms the image. The comea
can be considered as -a convex lens with a fixed focal length while the focal length  (©gmea
of the eye lens can be adjusted through muscle movements. b

(i) Assume that the comea and the eye lens can be considered as a composite lens Figure (a)
consisting of two thin lenses in contact, The distance from the composite lens
to the retina is 2 cm.

(a) Calculate the power in dioptres, of the composite lens when it is adjusted
for (1) far point (infinity) (2) near point (25 cm). (Take the power of a convex lens as positive.)

(b) Is the image on the retina real or virtual, and erect or inverted?

(c) If the power of the comea is 40 dioptres, calculate the power
of the eye lens for the two cases mentioned in part (a) above.

(ii) Consider two tiny dots, with a small separation d, on a paper placed af= m

at the near point of the eye as shown in figure (b).

(a) Obtain an expression for the distance s between the two
images formed by the two dots on the retina in terms of d.

(b) Letters and images printed by some computer printers consist of many
closely spaced tiny dots which are not visible to normal eye. For
example, the enlarged letter T in figure (c), formed by many dots,
appears without dots when viewed at normal size. For this to happen,

the separation of the images on the retina formed by any two adjacent T
dots must be less than a certain value s, . normal size cnlarged T
If the value for 5, is 8 pum, show that a dot separation of 0.08 mm Figure (¢)

(300 dots per inch) is sufficient for a letter to be seen without dots.

(c) If it is necessary to see the dots contained in a letter printed with 0.08 mm dot separation with a msgmfymg
glass, what is the maximum focal length of the magnifying glass that should be used? ,

12
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(i) (a)

(1) When focused to infinity, the focal length must be equal to the distance

from the lens to the retina.
Therefore, focal length =2 cm = 0.02 m

Power of the lens = 1/0.02 ——-------semmmmmmmamaaen 01
= 50 diopters e e ey 01
[ Alternative method:
Using lens equation, T TP SR T g |
o 002 f eor » F
f=0.02m
Power of the lens = 1/0.02 ----- 01

= 50 diopters ----- 01 ]

(2) When focused to near point:
Using the lens formula i— st 4‘—,

u f
OR ——e- 01
e, Lo il
go2lns
L.
f
= 54 diopters —---- - 01
(b) The image is real ----- SRR RS R 01
and inverted -- - 01
. : 1 | 1
o) For thin lenses in contact, — = —+— ——mmmmr—memmmmmammeeeeeee 01
e S
D=p +2,
When focused to infinity, 50=40+ }L
The power of the lens = 16-22 - 01
13
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. 1
When focused to near point, 54 = 40 +

lens

The power of the lens = 14 (p-P--mmn=mmmmmmmmnmmmmm oo 01

() L=t t |

. (i) (a) FRET :l* ;g

|

< RE Cnr————— g Con—s
#2524 008 — - 01

25
(either form)

(b) When d = 0.08 mm, s = 0.08x0.08 = 0.0064 mm
=6.4 pm - - 01

This value is less than 8 pum. Therefore this separation is sufficient.
...................................................... 01

(c) For 0.08 mm dot separation, the image separation is 0.0064 mm.
Using the lens, the image separation must be increased to 0.008 mm.
Therefore, the required magnification is 0.008/0.0064

= 1.&2 - 01

Using the lens formula,

L - _% where D is the distance to the near point.

D u
aDars P
M= o | + 7
{ossysem LB NG i 01
4
P [ e m— SISSVHNI——— ]
(or 1 D)

14 -
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An acrobat A stands on one hand as shown in figure (@). Assume that the
bone of the upper arm U of the acrobat is a solid cylinder with an inner I

cylindrical cavity. When not subjected to stress the length of this

cylinder is 0.3 m. Its outer radius and that of the inner cylindrical cavity

are 102 m and 4 x 10~ m respectively., The weight of the acrobat 5
h

excluding the arm is 600 N. Young’s modulus and the breaking stress of

a human bone are 1.4 x 10! Nm and 9.0 x 107 Nm™2 respectively.

(i) What is the compressional strain of the upper arm bone when he
is standing as shown in figure (a)? By how much is the bone
compressed? ;

(i) What is the elastic energy stored in a unit volume of the bone?

(iii) Starting from rest, another acrobat B of mass 50 kg now jumps
vertically on to A from a height h as shown in figure (b). After

landing on the shoulder of A, which is right above his upper arm A
bone, B takes a time of 0.02s to come to rest. ]

(a) Once landed on A and came to rest, what is the change in U=
momentum of B in terms of A?

(b) Find the average value of the force in terms of & exerted 3 )
on A by B due to the change in momentum. Figure (a) Figure (b)

(¢) Calculate the maximum height from which B can jump on to
A without breaking the upper arm bone of A, (Assume that
Hooke's law is applicable until the breaking siress is applied.)

60440 A 00

(i) Compressional stress of the upper arm bone = 70049107

Correct area of cross section — 01
Division -01

Using, Young’s modulus = stress/ strain
' 600 ] _ 01

Compressional strain = ———————— .. .vveeens i
B 7(1-0.4*)107 1.4x10"
= 1.6x10°% (1600552 )i uriererocrinns 01
Compressional strain = decrease in length/initial length ............. 01

Compression of the bone = 1.6 x10 ™ x 0.3
=48x107° m (;pm ORI, | ¢ |

15
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(ii)  Elastic energy stored per unit volume

=1/2 xstressXstrain  ....cooieieenianie 01
T e i L% 1D
7(1-0.4910
=18 % 10? Tu® (f9en b8 01
{ Alternate Method:
Energy stored = %2 x force x compression ... 01

= 1% 5% 600 %4 8% 107

600x4.8x107°
" x(1-0.4M)107%x03

Energy stored per unit volume = 1/2 x

el il T 01}

(ii) (a) Using v’ =u’ +2gh

Velocity of B when falls on to A = J2x10xh jgg’,‘h L N 01
(~20k or 25k or 4.47h)

Change in momentum of B after falling on to A

= (J2x10xh - 0) x 50 =50+20h ?"ﬁn .............. 01
(or 100J5h or 223.5Vh)

(b) Average force = change in momentum/ tiMe ...coceseaensensasessas 01

Average force on A exerted by B

s |
= 5043205 /0.02=25x10% y20% ,gg.zcoﬁﬁm
(or 5x10°\5k or 111.8x10°h)

(c) Maximum stress =9 x 10" N/m’
-}Q&'D“'
Total force on the upper arm bone= 600 + 25x 10* V2x10xk ....... 01

(or 600 + 5x10°\/5h or 600 + 11.8x10°VA) o
le boo R fTo . o)

16

r‘m et 608 [ e (00 aoe (g o saiedsd o ol odisad ¢ o eiD Bdaseio www.alevelapi.com odo



If h pax is the maximum height, then

(600 + 25x 10> V2x 10k Y/ T x (1-0.4%) x 10*=9%x10"

.......................................... 01
( Award this mark even without the ternf 600) s cco
ho = 43 m e ceannna01
(3.9-4.5)
"

i‘“ <+—Primary electron

4.
§ o Ty
J_ I
Cathode , AT
plates i e . Kook vhea 0™ Positive ion
Chamber \&mnnected to - _El
filled with ——> positive high _; fraeie,

/ J_ voltage )

Anode wire
Figure (b)

Detection of photons and other subatomic particles is important in high energy particle physics. The multiwire
proportional chamber (MWPC) is one of the detectors that is used for such purposes. Applications of MWPC can
be found in a variety of fields such as nuclear medicine, protein crystallography, and particle track detection in high
energy physics experiments. In its basic configuration, an MWPC consists of thin (~20 4 m diameter) parallel and
equally spaced anode wires symmetrically placed between two thin metallic cathode plates as shown in figure (a).
For proper operation, the gap ! is normally three or four times larger than the wire spacing s (~2 mm). The cathodes
are earthed and the anode wires are maintained at a positive high voltage (~ 3 kV) to produce an extremely large
electric field around the wires. The chamber is filled with a gas mixture of 90% argon and 10% of molecular gas
such as CI:J'2 or CH,.

When a high energy charged subatomic particle passes through the detector it collides and ionizes the gas molecules
(mainly argon atoms) along its path in the chamber producing a certain number of electron-positive ion pairs. This
jonization is called the primary ionization. In the process of creating one electron-ion pair, the high energy particle
loses about 30 ¢V from its kinetic energy. The primary electrons thus created move towards the anode wires and
the positive ions to cathode plates due to the electric field present inside the chamber. When these primary electrons
move closer to anode wires, the strong electric field that exists around the wires will accelerate them increasing
their kinetic energies. Such energetic electrons, while moving towards the anode wires will collide with argon atoms
producing more electron-ion pairs close to the wires. This process, called secondary ionization, is repeated many
times producing a large number of electron-ion pairs. This will continue until all the electrons are collected by the
anode wires. Figure (b) shows how a single primary electron will give rise to a large number of secondary electron-
ion pairs through secondary ionization. This number is 10? in pure argon and its value can be about 10% in a mixture
of argon and CO,. The anode wires will finally collect all the electrons in a very short time leaving a cloud of
positive ions around the wires, which slowly migrates towards the cathodes.

Electrons collected by anode wires can be observed as a current pulse which can later be converted to a voltage
pulse. The pulse amplitude produced by MWPC is a measure of the energy loss by the particle during its passage
through the detector. In addition the amplitude of the pulse depends on the detector properties such as the gas used,
voltage applied to anode wires, the gap between cathode plates, wire spacing and wire diameter.
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(i) Give two areas in which MWPC finds applications.

(ii)) Which region of the detector has the highest electric field?

(iii) How does a primary electron acquire energy to produce a secondary electron-positive ion pair?

(iv) If the secondary ionization takes place according to the diagram given in figure (b) how many electron-atom
collisions are necessary for one primary electron to produce 4 secondary electrons (including the primary electron)?

(v) Where in the detector are the majority of positive ions being produced?

(vi) Give two reasons as to why positive ion cloud takes a longer time to migrate to the cathode.

(vii) Give three properties of the detector that determine the amplitude of the pulse. b

(viii) Use Gauss' theorem to find an expression for the electric field intensity E at a distance r (r > a) from the
axis of a long straight wire of radius ‘a’ carrying a charge per unit length A.

(ix) What would happen to the amplitude of the pulse if the radius of the anode wires is reduced? Give reasons
for your answer.

(x) The figure (c) shows a section of an MWPC with two anode wires. Copy this
diagram on to your answer sheet and draw the pattern of electric field lines inside
this section.

(xi) If a high energy charged particle entering the detector with a kinetic energy of = .
100 keV passes through the detector creating 100 primary electron-ion pairs,
calculate the energy of the particle when it leaves the detector.

Figure (c)
f (i) Nuclear Medicine

Protein Crystallography

Tracking detectors in high energy Physics (or to locate the tracks of

charge particles)

(Any two).........01
(ii) Nearthe anode wires. A5 3. iiiiiiiieninennnes O — 01
(iii) Due to the acceleration in the 5I§Etric T 1 [ R 01
TSt e e i Ved

Y] TEealB) @3 cosorsranstasiids R R sl
(V) NearthenodeIWire .......cooosseesessiasmmssisssivisisoinassmss 01
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(vi) Speed of the positive ions is low
Positive ions are heavier than electrons (or lower acceleration)

(ANY ODE) .vivvvinsoe 01
Positive ions have to travel a longer distance
Weaker electric field away from the wires
(ANY ODE) .ivuvaunnaninnin 01

‘,
(vii) Gas used, anode voltage, separation between the cathode plates,
separation between wires, diameter (or radius) of ﬂﬁ:ires
(ADYARD ) vevecrnenns 01

(viii) -

/\

— —F
L-‘E

117

e
i

r
Consider the Q}glmdncal Gauss surface of length / and radius

symmetrically ( Ftleswize) as shown in the figure
(Correct Gauss surface in a figure or in words)
................................... R |
Applying Gauss’ law 2zrlE=141l/¢8,
F= = é"’ or €
2xg,r
(Correct eXpression) ......ccoeevecaiiiennn 01
(ix) Amplitude of the pulse increases.
Reason: More electrons would be collected by the anode wire
OR
More secondary ionizations being produced
OR
Stronger electric field closer to the wires.
.............. 01
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(x)

Correct Shape «cvcorcornsmninss 01
Lines perpendicular to the cathode plates.................. 01
Correct direction of the field with arrows.................. 01
(xi) Energy of the outgoing particle:
— 100100x30 "
1000 s ,
=07KkeV G810 oF  ceerrreeriiirinii s 01 -
5. Answer either part (A) or part (B) only. s 4
]

consists of a bar X¥ of mass m and resistance
R placed on two parallel smooth horizontal 51
conducting rails with negligible resistance,
separated by a distance . A uniform magnetic
field with a flux density B is applied perpen-
diculsr w e pline ofithemils Gniothe o0 %777 7 t — ==
paper) and throughout the region between the X

rails. A battery of e.m.f. E with negligible Figure (a)

internal resistance connected to the rails pro-

duces a current through the bar.

() When the bar XY is at rest on the rails, the switch §, is closed, while keeping the switch S, opent
Write down an expression using the given symbols for the force experienced by bar XY at this insta
due to the magnetic field. What is the direction of this force?

(i) Consider an instant at which the bar is moving at a speed v which is less than its maximum speei

(a) Write down an expression for the magnitude of the back e.m.f. induced across the bar at this instal
(b) Obtain expressions for the current through the bar, the force on the bar, and the power drawn fra
the battery at this instant.

(A) The figure (@) shows an arrangement that —r ' X X W KRN

X M M X X x X
X X H M M x
M o» M X x »x
X oM X M ¥ X x
X ox X M M oM um

(¢) Hence show that the maximum speed that the bar XY can attain is given by % What is the curre

through the bar when it is moving at the maximum speed?

(iii) Using the Lenz's lawsshow that the bar can be decelerated if the switch S, is opened and the switc
§, is closed at any instant while it is moving. What is the mechanism through which the kinetic energ
of the bar is converted to heat during this process?

(iv) The above principle is used in the device known as linear motor which has
many applications. One such application is launching of an aircraft from a ship.
As shown in figure (b), the aircraft is mounted on the moving bar and when
it reaches the required speed, the aircraft is detached from the bar and allowed
to take-off. The bar is then decelerated as mentioned in part (iii) above.

Suppose the combination of the bar and the aircraft has a mass of 20 000 kg, Bar R
the separation between the rails is 10m, the magpetic flux density is 2T, and Figure (b)
the resistance of the bar is 100 Q. -

(@) Calculate the e.m.f. that should be provided by the battery to achieve a maximum speed of 100 m st
(b) Hence calculate the initial acceleration’ of the aircraft.
20
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(i) Using F = Bil ,

F==22 e S— 01

The direction of the force is to the right or an arrow drown to the right (—)

e — 01
(i1) (a) using E = Blv,
the bick emf = Bly ~r—r—sesmrnmnsmnes n ; 01
. E-Blk
(b) Current through the bar, i = £ — - 01
Using F = Bil,
force on the bar = 21Z R_ b e 01

(Award this mark even if a wrong expression for 7 is substituted here)

E—BvIJ_E“ EBvl

= e

Power delivered by the battery = E( i

= - b

(Any form of the correct expression)

(c) Due to the force F, the bar is accelerated. Then, because E is
constant, the force decreases. The speed v does not increase after the
force becomes zero OR current becomes zero.

Therefore, the maximum speed is reached when E = Bv/ or, v= % g

(Correct argument) — =-=----=------ .. D1
When the speed is maximum, guggen through the bar is zero. -------01 |

(iii) When S; is open and S, is closed, the only emf present in the system is
the induced emf due to the motion of the bar. This emf produces a current
which creates a force that opposes the motion of the bar. Therefore, the bar
is decelerated.

- : 01

The kinetic energy is converted to heat when the induced current flows
through the resistance of the bar OR through i’R_type heating OR through

Joule heating

e 01
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(iv) (a) Maximum speed is given by v= L3 Therefore, E = Blv.

Bl
- required E is given by 2x10x100 ===--mmmmmmmmmemmmmmmmmnce e (]
=2000V e 01
(b) The initial acceleration = —'?-% e - 01
m

_ 2x10x2000 s |5

20000 100

5 3

=0.02m s ---- 01

(B) Draw the I-V characteristics of an ideal diode and a real diode.

In answering the following questions assume that the voltage p H
across the diodes, when conducting, is 0.7 V. Y, R=1kO
(i) Input signal (v) to the circuit given in figure (b) is shown 0 / t Ou
in figure (a). Calculate the values of positive and negative U
peak currents in the circuit. Y =10V
Figure (a) Figure (b)
(i) A—>— -
g V.(V) | Vi(V) | V.(V) | Logic Level
Bo—{>—! A B 2
4 R,=1kQ 0 0
i 0 5
S 9 0
* Figure (¢) 5 5

In the given table V,, and V, are voltages applied to inputs A and B of the circuit shown in figure (c). Ini:uts
A and B are connected to combinations of 0 and 5V as shown in the table. Copy the table on to your answer
script and fill in the columns for the output voltage V, and the corresponding logic levels (1 or 0).

(iii) In the circuit shown in figure (c) above if V,=5V and VB = 3V, calculate the current through RL.

(iv) Full wave rectifier and
voltage Iregufator
1HV-15V
! 15V (d
ren— dg Electronic
230V (ac) _ clock
< N '
k] *
4| —
+ Figure(d)
22
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Figure (d) shows the power connection 10 an electronic clock which needs a dc (direct current) voltage
in the range 11 V — 15 V for proper operation.
(1) Describe the operation of the circuit when
(a) ac (alternating current) power is present,
(b) ac power fails.
(2) What is the current drawn from the 12 V battery when the ac power is present?
(v) Draw a suitable circuit for the full wave rectificr and voltage regulator shown in figure (d) above.

[-V Characteristics

Ideal Diode Real Diode 3
&
I 4
I
0 v [ d
I
1
1
I
I - V characteristics of a real diode ............ 01

] - V characteristics of an ideal diode § S|

(If the axes are not labeled in both diagrams, deduct one mark. Labeling the
origin is not required; Part of curve drawn with broken lines is not required)

@

v ED

0V /’\ l T
_ | \/ \j‘: @ R=1ke

When forward biased
Peak current of i, = 11—{:‘—_]%3 ................................................... 01
=03 mA  0r(9.3x10™ A)  ceeciiins crsmreennsiennnseenanannesnns 01
When reverse biased, peak current of i, =0 R p————— 01
(or equal to the leakage current)
23
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(i)

Va Vs Vo Logic

(V) (V) (V) level
0 0 0 0
0 5 43 1 Correct “Vjp’ column ........cooeeees. 01
5 0 4.3 1
3 5 23 1 Correct ‘Logic level’ column ........ 01
(iii)
If V,=5V and V=3V,
_5-07
B Ix10® ' ]
e 7ooc T S A — 01
(iv)

(1)(a) When ac power is present upper diode is forward biased and its

cathode will be at 14.3 V which makes lower diode reverse biased

....................................................... 01
-.clock will have 14.3 V at its supply input, and
faietion DORIAILY | 5. othiiaeaet e s siibnnsens s il ae st e oot n s s cwone 01

(b) When ac power fails, lower diode becomes forward biased and upper
diode becomes reversed biased ..............ccoeereeeerirnerieennn... 01

. clock will have 11.3 V at its supply input, and continue to
IBNEEEIN normalliies. ... ... el B S eceias 01

(2) When ac power is present the lower diode is reverse biased and
therefore gurrent drawn from the 12 V supply is zero ... ............ 01

E

0 [

'1—. 01 mark e Olmark—a‘

24
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6. Answer either part (A) or part (B) only.

(A)" An electronic device P is mounted on a thermally insulated base Upper plate
of a metal casing as shown in the figure (a). The device
dissipates heat at the rate of SOW and this heat flows out only
through the upper plate of the casing which is a rectangular
metal plate of thickness 2 mm and area 2 cm?. The entire system
is kept in a room of temperature 30 °C. Figure (@)  [psulated base

(i) At the steady state, the temperatures of the inner and outer
surfaces of the upper plate of the casing are 100 °C and
08 °C respectively. Calculate the thermal conductivity of the material of the casing.

(ii) For efficient and safe operation of the device the temperature of the inner durface of the upper plate
of the casing should be maintained at 40 °C by means of a suitable mechanism.

(@) Under this condition, what should be the temperature of the outer surface of the upper plate?

(b) As a mechanism to remove heat efficiently, the
effective outer surface area of the upper plate is Thin parallel sheets
increased by mounting thin paralle]l sheets, made
of casing material, _pcrpcndicular to the outer
surface of the upper plate as shown in the figure
(b). Assuming that the temperature of the entire
outer surface including the thin parallel sheets is
maintained at the value calculated in part (i) (@) ; Figure (b)
above, calculate the new effective surface area of
the upper plate using the Newton’s Law of Coaling.
The room temperature is given above.

(¢) As an alternate method, the outer surface of

the upper plate of the casing is cooled by _  Foetimaiiioieteliiooirieocs SRR
passing water through a metal jacket which e —— S ——

P e i e ower swace of e NAJULLILEA T

upper plate as shown in the figure (c). At

the steady state the temperature of the water Figure (¢)
at the inlet and the outlet of the jacket are

30 °C and 35 °C respectively. If heat is not

lost to the surrounding, calculate the rate at which water flows through the jacket in kilograms

per second. (Specific heat capacity of water = 4.2 X 10° 1 kg™t °C™h).

............................................ 01
Using rate of heat flow, O =k 4 (01— 60D oouenenss i 01
- ;
i B R s eemeeens 01
2x10
(Correct substitution)
. Thermal conductivity, k=250 Wm™ K" oo .. HHO%
25 T '
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_ 250x2x107"x(40-6) 01
oy _3 lllllllllllllllllllllllllllllllll
2x10

(i) (a) 50

P=3BYC ¢ lsemensmvasss 01
(Since rest of the factors in the expression given in (i) are the same, a
student can also argue that the temperature difference must also be the
same. i.e.2°C - 6=38°C ....02)

(b) From Newton’s law of cooling, rate of heat loss,

QaAJ(B_QR) ............................................... 010l
A — 01

' 3
SO 2RI RS e R P AT s e e s e e v 02

(Award 01mark for choosing 98 °C as one temperature
and the other mark for correct substitution)

{ Above proportionalities could be written as expressions using
a suitable constant}

-4
From the above proportionalities , 4 = MS—E-@ ............ 01

=17x10*m? B W .

(c) Rate of heat absorbed by water =m x s x (35-30) - .

L O L NS T e T (O, or
2
& el e 10T B e or
© 23-24)
26
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(B) When an X-ray photon collides with an inner electron of an atom, X-ray photon
(see the figure) the electron could be detached from the atom by
absorbing the energy of the X-ray photon. This process of removal
of electrons could be studied using the usual photoelectric equation.
The minimum energy needed to remove an electron can be taken
as the work function appearing in the photoelectric equation. At the
threshold wavelength of the incident X-ray photon, the electron is
just removed without imparting any kinetic energy to it.

(i) An X-ray photon of wavelength 2.2 A could barely remove an electron at the first energy level in a

Second energy level

First energy level

Ca atom. Determine the minimum energy required (¢1) to remove an electron at the first energy level in
a’'Ca atom.

(ii) (@) When another X-ray photon with the same wavelength as in (i) collides with an electron at the se_&)nd

energy level in a Ca atom and gives all its energy to it, the electron is ejected with a kinetic energy of

6.0x107'8 ], Calculate the minimum energy (¢2) required to remove an electron at the second energy

level in a Ca atom.
(b) Determine the threshold wavelength of incident X-rays to remove an electron at the second energy
level in a Ca atom.

(iii) Consider the situation described in (i) above. Following the removal of an electron at the first energy
level, a vacancy is created in it. An electron from the second energy level drops to the first energy level
to occupy this vacancy. This transition yields a photon with energy equal to the difference between

¢, and @,. Determine the wavelength of this photon. (Detection of such X-rays is used to identify heavy
elements.) 3
(iv) The energy (E) of a photon is related to its momentum (p) by the equation E = pc, where ¢ is the velocity
of light. '
(a) Determine the momentum of the incident X-ray photon mentioned in (i) zbove.

(b) Since the electron is just removed without any momentum in (i) above, the Ca atom should recoil
‘to conserve linear momentum. Calculate the speed of the recoiling Ca atom. (The mass of Ca atom

is 6.0 x 10720 kg).
(¢) Calculate the kinetic energy of the recoiling Ca atom.

(d) Hence show that this kinetic energy is negligibly small compared to the energy of the incident X-ray
photon.

(h=66%10247Js, c=30x108ms!, 1A =10""m)

(i) Energy of the incident X — ray photon = f‘f TR T2 sty i 01

Energy of the incident ¥ -- vay photon = ¢,
, _BExi0x3x10"
U g
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(ii) (a) Applying the photo-electric equation

r»\;gxm‘” D 1 L T Ty ees 01

¢ ¢ (Award this mark even for an incorrect value obtained for the
energy of the incoming photon in (i) above)

T . TR 01
6.6x10™* x3x10°
P i oSS RO SRR TRR Y (RS RE SR 01
(b) A'M' 3}(10-15

(Award this mark even for an incorrect value obtained for ¢,
in (ii)(a) above)

3
0
A =GO TV MO A ) e SRR i e 01
(iii) @ ~¢, =9%1078 —=3x107° ...ciciriinrirnsosesaiirnsnirisssesncsssonnsencees 01
(Award the mark for taking the difference)
_ 6.6x10"* x3x10°
6x107'
0
A=3.3007 0 (3.3 AJi. . oo cohntuede o sus Jualsn e 14 645 MRRRY ¥ 05 = O
E 9x10™" &
Vv = —_— = — ¥
(W) @)e ¢ 3x10° ¢
SBRIO™ REPLE LU RIL o sosnsssengrannnisans iFeivssssmmieessanes biss 02

(Deduct 01 mark for the wrong unit)

(b) Let v be the speed of the recoiling atom, then

I ™ mInll™ o S R ST TS R e 01
(Award this mark even for an incorrect value of the momentum
obtained above)

I -1 T m— 01

28
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(c) Kinetic energy of the atom =%x 6x107 x50

IR § s R AR RSN 01
. -23
(d) Kinetic energy as a fraction = 7—;11%%?
>
=8.3x10"* (8.0 -8.4) OR
indicating that 10" is very small compared to T cnamsanss 01

». the kinetic energy of the recoiling atom is negligibly small
compared to the energy of the incident X-ray photon

29
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