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2.1.3. Expected answers and the scheme of marking

Scheme of Marking for Paper I

4 N\
Question Answer Question Answer
No. No.

01. e 26.
02. . 27.
03. 28.
04. W2 29,

05.

H
.
.
H
.

30.

R SO PV

06. 31.

07. 32.

HE S R A
[

08. a3:

.
H
.
L
.
H
H

09. 34,
10, & 35,

1. ML 36.
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12. HLv 37.
3. 38,
14, 39,

15. 40.

P PO [P B0

16. 41.

.
H
.
]
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17. 42.

SIS IR SEE RV S I

18. L 43.
19, = 44. e
20. L2 45.
21. W4 46. L
22. = 47.
23. = 48.
24, 2 49.

Bl iwie

25. L2 50.
\ J

Each correct answer carries 02 marks, amounting the total to 100.
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2.2.2 Expected answers, scheme of marking, observations on the responses, conclusions
and suggestions related to question paper 1I

* Observations for answers to paper II are based on graphs 2, 3, 4.1, 4.2 and 4.3.

Part A - Structured Essay

L. Figure (1) shows the motion of a simple pendulum of length ¢.

(@) Write down an expression for the period of oscillation T of the simple pendulum
in terms of £ and acceleration due Lo gravity, g.

T=2n ,H? .................................................................. (01 mark)

(B) In the laboratory experiment to find the value of g, using the simple pendulum
you are provided with a stop-watch which can measurc the time with an
accuracy of 0.5s. If the estimated value of the period T is 2s, determine Figure ()
the minimum number of oscillations you should take to reduce the percentage
error of T down to 1%.

AT _(0.5m) _ 1

T 2 100 (01 mark)
n= 25
n T 1 nT nx2 100

(¢} A student has designed an electrical method to determine the period of oscillation T more
accurately by using a “detecior system’.

Source diode Detector diode

Figure (2)(a) Figure (2)(4)

The detector system consists of a source diode and a detector diode. Source diode, emits a narrow
beam of Infra-Red (IR) light with a constant intensity of /. This light beam is detected by the
detector diode, and it also measures the intensity of the beam [see figure (2)(a)]. Detector system
is placed in the path of the bob of the simple pendulum. While oscillating, the bob also crosses
the IR beam [see figure (2)(b)]. Whenever the bob interrupts the IR beam, the detector diode signal
becomes zero, otherwise it produces a signal of constant intensity {,. When the bob is oscillating,
the computer monitor displays a graph of the variation of the detector signal intensity (/) with

time ().
o, t f,
L e e
1}
[1|1h|1|;I|M|||!||||||J|t ||[||1||!i||||l||||||||||i|| nnnn i
0 H 2 3 s
Figure (3)
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Figure (3) shows such a graph displayed on the computer screen and is taken in a situation where
the force due to air drag is negligible. The time interval corresponding to the zero detector signal
is #, (see figure).

(i) Value of ¢, depends on the speed v with which the bob crosses the IR beam, and the diameter
D of the bob. What will happen to the value of 1, when {1) v is increased (2) D is increased?

(1) Related to » : value of 7, decreases

(2) Related 10 p - value of 7, increases

FOr amy COITECT ANSWET  «overeeeriinriaieeisaei e sa st (01 mark)

(it} Write down an expression (o estimate v in terms of D and fy

v="2 D =Vi, accepted ..o (01 mark)

)
(iii) What is the value of T according to the graph given in figure (3) above?
T=13s noneed of § L, (01 mark)

(d) Student placed the detector system at the most appropriate position of the path of the bob to
determine thc maximum speed u_ of the bob, and obtained a graph similar to the graph shown in
figure (3).

(i) With respect to figure (1) above, give the position (A or B) at which the student should
keep the detector system in order to determine v_. Give a reason for your choice.
Answer: : A
Reason : Pendulum bob has the maximum speed/ maximum velocity/

maximum Kinetic energy at point A/ at the lowest point of the path

if both the answer and the reason correct ........coceeiieeene. (01 mark)

bob shown in figure (4){a) is better than the spherical bob shown in figure
{(4)(b). If both bobs havc same diameter D, give a reason to justify his
Statement. n

(ii) In order 10 carry out this experiment, the student says that the cylindrical

Figure Figure
(d)a) @i

IR beam is not visible therefore, it is difficult to align the beam through the
diameter/D OR

It is difficult to align the beam through the diameter/D of the spherical bob OR It
1s easy to align the beam through the diameter/D of the cylindrical bob OR

The diameter/D of the cylindrical bob is uniform throughout. OR

The diameter of the spherical bob is D only at one location. OR

Using the cylindrical bob the error of v can be reduced. OR

Distance through which the beam is blocked by the cylinder

OR
Any cross section of the bob that blocks the beam by cylindrical bob 1s D
(For any cOIrect reason) .......ooceeerrisnesecsescsae s (01 mark)

2
S
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(iii) The student decided to calculate v using the graph mentioned above, and the expression ,_\4
in (c)(ii). Can he get the exact value for v, by this method? Explain your answer. | '3
ADSWET 1 NO oottt et r e even st en s an s (01 mark) R
(Reason : v _is an instantaneous at the lowest point of the path/ The calulated f,

value is an average value/ approximate value for v ) g
(e) The student observed that in a siluation where the force due to air drag is significant, the 2"
maximum speed v, thal he obtained, decreases considerably from oscillation to oscillation and 3
the bob finally comes to rest.
(i) For such a sitvation, complete the graph of (f) with (f) that you would expect for a period
of time T on the figure given below.
Ia . .
(Disregards If 7 is not constant, and
1 award the marks)
....................... (01 mark)
=0 t=T !

(Width of the zero intensity should increase with time. Labeling on the f axis 1s
not needed. At least one more zero intensity region should be clearly drawn,
disregard the variation of intensity level)

(i1) If the maximum speeds of the bob at t = 0 and r = T are 0.44 ms~' and 0.42 ms™' respectively,

estimate the energy loss of the pendulum due to air drag during the time 1 =0 to ¢ = T, Mass of
the bob is 100 g.

Energy loss :—:;— (0.1) (0.44°-042°)=8.6x 107" ... (01 mark)

(For the correct substitution OR the final answer)

G.C.E(A L) Evaluation Report Physics 2015
-29.



L)

www.alpanthiya.lk

W
=
3

O T S T

LU R

The experimental setup shown in the above figure is used to verify the pressure law for a gas.

(a) The pressure law can be applied to a gas only if two variable quantities pertaining to the gas
are kept constant. What are those quantitics?

(1) mass/ number of moles (i1) volume
(if both are correct)) ..........ccocociiiiiniiin (01 mark)

() What is the reason for using the capillary tube XY in this sctup?

To minimize/ neglect the amount of gas outside the bulb.
OR to minimize/neglect the amount of the gas not in the required/measured temperature.

(01 mark)

(c) Explain why it is necessary to increase the temperature of the water bath slowly in this experiment.

To ensure that the temperature of the gas inside the bulb and the water bath are equal.
OR to ensure that the thermometer reading closely follows the temperature of the gas

in the bulb (01 mark)

(@) Even if the temperature of water is maintained at a certain value it docs not mean that the
temperature of the gas inside the bulb has reached the same valuc. In this experiment, how would
you make sure that the lemperature of the gas inside the bulb has reached the temperature of

Ensuring a steady / unchanged mercury level in tube A/B while maintaining a
constant temperature in the water bath/ temperature .........cccoceevieiiiincnnnne (01 mark)

(e} Writc down the two main steps used in the experimemal procedure to maintain the temperature
of water at a suitable value before measuring that temperature in this experiment.

(1) Stirring the water in the water bath.
(1) Moving the Bunsen burner (in and) out of the water bath
(i11) adjusting the flame (high and low).
(if both are correct) ......oocooieeeiimieciciiieeciiaenaeas (01 mark)
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(f) Write down the main step in the experimental procedure that you would follow before taking
the relevant readings to oblain the pressure of the gas.

By moving the tube B up and down until the mercury level in tube touches the tip
of M/ fixed mark / POINLET ..o (01 mark)

(g) If the atmospheric pressure is H centimetres of
mercury and the height difference of the two mercury
levels of the tubes A and B is s centimetres, draw
a rough sketch of the graph that you would plot in
the given diagram in order to verify the pressure
law. Label the axes correctly.

H+ h h

1‘ : 1 i i~ |

\

5 |

G or T or temperature

* For labeling the axes and drawing a straight line as shown .................... (01 mark)

(h) The graph below shows the variation of pressure P with volume V for an ideal gas at temperature
400 K.
Px10° Pa

10

Pu,

T 400 K

0 20 40 60 80 100 )
vx 102 m

(i) Calculate the values P, and P, of pressures corresponding to the volumes 20x 10 m® and
60x 10 m* of the gas at temperature 600K,

K_PF R

ine = 422 =P =T
Using the pressure law T T, 2=l OR
. —_ PV BV, . P
Using the gas law = 1722 ginceV, =V, =>P=21T,
L T T L’
(OR a correct substitution as shown below) ... (01 mark)

L)
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For v =20x 103 For v=60x 10° m*
6x103 _ 2){103 _ 3
P= 200 % 600 =9 x 10%Pa Py= PTTERS 600 =3 x10° Pa

Calculation at least one P value correctly e (01 mark)

(Award both marks if the student calculated both P values correctly without mentioning the
presure / gas law)

(i1) Mark the poinis corresponding to the valucs that you have obtained in (#)(i) above, on the
graph given under (4) above and draw a rough sketch of a curve to show the variation of
the pressure with volume at 600K of the gas on the same graph.

Px 10° Pa
10

-

(4]
|

N 0¥

Euil anew B
2_—1-—:; ... o i i

e

]

r—
—tpd 4

—+

4
|
-1t : SN I I Il | )
Ll—{_i_*_[_. LL;-.—- 1 _J_. M
0 20 40 60 80 100 103
V x 1073 m°

J00 K

For marking the two correct values of points P, and P, on the graph and connecting the two
points with a curve as shown above. Ignore the curve beyond the two points. (01 mark)
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3. You are asked 1o determine the focal length of a convex lens experimentally using the no-parallax
method. Assume that you are provided with all the items necessary to carry out this experiment.
(a) Draw a diagram 10 show how you would setup all the necessary items on the table to carry out
this cxperiment and label the items. (Stands on which the items are mounted should be clearly
drawn.)
Screen
Lens
Image Pin/ Obiject Pin
Observation Pin
Table
Labeling (all four IemMS) oo eee e snsseae —»y«— (01 mark)
Items with stands (all four items) ... (01 mark)
(All the items should be properly placed in order to award this
mark)
(Give marks for any other acceptable diagram)
(b) Before sctting up the items for the experiment, it is convenient to know a certain data pertaining
to a certain item given. What is this data? Describe a simple method to obtain an approximate
value for this data.
(Approximate) focal length of the lens ... (01 mark)

Estimate the focal length by focusing an image of a distant object onto a wall, board
(01 mark)

(c) Suppose that when looking at the image after setting up all the items as indicated in (a), you
have observed that the image and the observation pin are not in the same vertical line. Give two
reasons, one related to the pins and the other related to the lens, as to why this has happened.

(i) Pins : Pins are not on optical (prineipal) aXiS oo reeeesmeeeemseeeceaseee (01 mark)

(i) Lens @ Lens iS filted et sn et e nre (01 mark)
(d) In this experiment, suppose you have observed that, as the eye is moved sideways across the
optical axis, the image moves opposite to the direction of the eye movement. In this situation,

state whether the observation pin should be moved towards the eye or away from the eye in
order to locate the exact position of the image.

Observation pin should be moved towards the €ye ..., (01 mark)
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(e} If the object distance, image distance and the focal length of the convex lens are u, v and f
respectively, rearrange the lens formula in order to determine the focal length of the lens by

plotting a linear graph. Siale the sign convention that you have used

1 1
—=—+— For Cartesian/ the correct definition
v i

OR
1 1 1 .. ] )
—=——+—For Real - positive and Virtual - negative
v u

,(f) Mark the independent variable of the equation obtained
in () above on the horizontal axis and the dependent
variable on the vertical axis of the given diagram.

Correct labeling (both axes) ..o (01 mark)

(g) Draw a rough sketch of the expected graph on (he
same diagram. Use the signs for the object distance
and image distance according to the sign convention

&

'L,

L

=
@
for the lens formula, .b
=
(=
(4]
L
g
......................... (01 mark) E
1
v
- 1
0 ]

used in (e).
1 1
e (For Virtual Image) — t  (For Real Image)
OR

-1 - 1
u \ 7

(For Real Image) (For Virtual Image)

For Real - positive,

Cartesian sign convention Virtual - negative sign convention

(Correct graph according to the sign convention)..........ococorucmcuncccceanas (01 mark)

Note: If the pins are marked on the same side of the lens in part (a) (virtual Imag)
graph should be drawn accordingly in the correct quadrant.

G.C.E(A L) Evaluation Report Physics 2015
- 36 -



&

L)

L

4. (a) An incomplete diagram of a potentiometer circuit that is being used in the laboratory to determine é
the internal resistance ry of a standard cell of e.mf. E, (< E) is shown in figure (1). ﬂ.

2

1 E L

I E

3]

- Q.

—

g

r E

Figure (1)

(i) Complete the section of the circuit between P and @ using standard circuit symbols.

1 1
—— — OR —
P'—_WVV\/_‘_@_‘Q Pe—"—J\/\M\;——@—«Q
.............................. (01 mark)
[Other possible switch symbols: _/ OR _o-Lo_ OR —C)— ]
(All three 1items must be drawn to earn the mark)
(i) What is the item used in the laboratory for X to obtain a resistance R?
ReSIStANCE DOX oot ee e neees (01 mark)

(No marks for other items)

(iii} If ¢ is the balance length of the potentiometer wire, and k is the potential drop per unit
length of the potentiometer wire, derive an expression for the product k/ in terms of E,

r, and R,
EoR
AB T e e (01 mark)
= (01 mark)

(Award marks for any correct derivation)

(b} A student decided to modify the above setup to determine the resistance per unit length (m,) of
a nichrome wire by replacing the item X of the circuit with the nichrome wire of length 7.

(i) 1If the balance length of the potentiometer wire in this case is /,, modify the expression
that you have given under (a)(iii), and write down an expression for product k£, in terms
of E, m,, { and r,.

P S — (01 mark)

Tptmgly

(For any correct manner)
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(it} Rearrange the expression that you have given under (b)(i) in a suitable manner to plot a

graph between L and ~L, taking L as the independent variable.

Z ?, 2
1 r,+myl,

ki, E,m,l,

R R (01 mark)

L, - Eomo Iy Eg

(iii) How would you determine m, using the data obtained from the graph menticned in (£)(ii)
above and the value of "'o?

m, Intercept OR m =r Intercept o1 K)
. = — mar

T Gradient 0 ® Gradient

(iv) If the nichrome wire provided to the student has a diameter of 1.6 x 10-* m, calculate
the length of the wire necessary to obtain a resistance of 50 Q. Resistivity of nichrome
is 10¢ Qm. (Take & as 3)

R=p_EOR z:ﬁ OR I=50x[3x(60.8><]0-4)2]
107

[ =096m OR 96CM e esessees s sseessenenas (01 mark)

(If m is taken as 3.14 the answer is 1.0 m) with correct substitution
(01 mark)

(v) The nichrome wire of resistance 50 € is fixed onto a metre ruler. You are asked to obtair
a set of measurements from the potentiometer to determine m, using the graph mentionec
in (b)(it) above. By completing the circuit in figure {2) given below, show as to how
you would connect the nichrome wire to the potentiometer in order to obtain the relevan
measurement for a wire length approximately corresponding to 25 Q.

(Points O and C of the nichrome wire

'—‘l—‘ should be connected to points X and Y of

the potentiometer circuit. (Accept any point

X YK approximately within 25 cm and 75 cm
h \ I marks of the metre ruler as a correct point

Sem V. 7 for C). 1 mark

0 25¢cm "C 75cm or C) (0 mar )

&

L)
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Part B - Essay

5. (@) A vertical flat board of cross-sectional area A moves in still air at a constant speed v U Har board

as shown in the figure. Consider the relative motion of the board and the air molecules.
Under this condition, assume that the air molecules collide with the surface of the board
perpendicularly and after colliding, bounce back in the opposite direction with the same .
speed v with respect to the board. m
(iY If m is the mass of an air molecule, write down an expression for the change in momentum
of the molecule.
(ii) Considering the number of air molecules colliding with the board per unit time or otherwise, show that
the magnitude of the force F exerted on the board by the air can be given by F = 24dv?, where d is
the density of air. This force is known as the drag force.

(#) The drag force (Fp) on an object moving in a fluid depends on the shape of the object. A more accurate
expression for F,, can be given as ¥, = KAdu?, where K is a constant which depends on the shape of the
ohject. Drag force plays an important role in the design of the external shape of vehicles.

Consider a motor vehicle moving in still air on a flat road with a constant speed v. Take K = 0.20,
A = 2.0 m? for the motor vehicle and d = 1.3 kg m™3,
(i) Write down an expression for the powecr (P) needed to overcome the drag force Fi,.
(ii) Calculate the power P when the motor vehicle is moving with a speed of 90 km h™ (= 25 m s7).
(iii) If the power needed to overcome other external frictional forces acting on the motor vehicle is constant
and is 6 kW, what should be the total power supplied by the drive wheels of the motor vehicle in order
1o maintain a constant speed of 90 km h™?
(iv) If the speed of the motor vehicle has been increased from 90 km h™' to 126 km h™' (= 35 m s7!), calculate
the additional power required to maintain the speed of the motor vehicle at that value.
(v) If the motor vehicle climbs at a constant speed of 90 km h! on a road of slope of 3°, calculate
the additional power that should be supplied by the drive wheels. Consider that the mass of the
motor vehicle is 1200 kg. (Takesin 3°=0.05)

(¢) Consider a molor vehicle moving on a flat road as described in (b)iii) above. Consider that the energy
released by burning one litre of petrol is 4x 107 J and only 15% of this energy is used to drive the
wheels. Under following conditions, calculate the fuel cfficiency of this motor vehicle in kilometres per
litre.

() When it moves in still air.
(i) When it moves in opposite direction to a wind blowing at constant speed of 36 km h™! (= 10 m s7").

(a) (1) Initial momentum of an air molecule = my
Final momentum after collision with the board = -myv
Change in momentum permolecule = my — (- mv)
= 2MY e (01 mark)
(i) Total mass of molecules colliding with the board per unit time = Avd ....... (01 mark)
Rate of change of momentum of air mass = 2(Avd)v (01 mark)
(Force = Rate of change of momentum)
- F=24av*
(B) (1) P = FL¥ s mssssis s ene e s s e seems e (01 mark)
(1) P= KAdv’
N () R P A R4 1<) B R ) S (01 mark)
= BI25 W (BI20 W BI25 W) oo (01 mark)

'L,
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(v)

)

Total Power = 8125W + 6000 W

= 14125 W (14120 W = 14125 W) <o (01 mark)

Power required to maintain the speed at 126 kmh™' (35 m s™)

= Kddv’ = (0.2) x (2) x (1.3) x (35)°
= 22295W (22290 W = 22295 W) oo (01 mark)

Additional power required = 22295W - 8125 W

14170 W (14165 W - 14175 W) ... (01 mark)

Alternative Method : 1

Additional power required to maintain speed at 126 kmh' (35 m s™'),
= (0.2) x (2) x (1.3) X [(35)" = (23)"] wooveooreeerereeeresesseeeen (01 mark)
= 14170 W (14165 W = 14175 W) o (01 mark)

Alternative Method : 2

Power is proportional to v* and other power requirements remain constan.

Additional power required to maintain speed at 126 kmh™' (35 m s™),
3
(8125 (35) 2 8125] e (01 mark)
25

= 14170 W (14165 W — 14175 W) e (01 mark)

Vehicle travels a distance v in unit time along the slope and during this time
interval it has been lifted to a vertical height # = v sin3° .

L)
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mg
Required additional power = mgvsin3’ s (01 mark)
= 1200 x 10 x 25 x 0.05
= 15000 W e (01 mark)
Alternative Method :
Backward force due to its weight = 15 sin 3"
Required additional power = mgvsin3® vV o (01 mark)
= 1200 x 10x 25 x 0.05
= 15000 W oo (01 mark)
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(c) Amount of energy used for driving the wheels ) 15 . o
by burning 1 liter of petrol }— (4x107) x -1'6[-]': 6x10" 11

) E ired dt ] ;
(1) Energy required per second to }: 1412535 (14120 - 14125)J s~ [from b(ii)]

maintain a speed of 90 kmh-!

Total time that the vehicle can be driven by } _6x10°

12125 (01 mark)

during 1 liter of petrol
(For correct substitution)

= 42485/l

Distance travelled in 424.8s = (25 x 10'3) x (424.8)
Fuel efficiency = 10.6KM I oo (01 mark)

Alternative Method:
Energy required per second to maintain a speed of 90 km h-!,

= 141253 5™ (14120 - 14125) J s [from b(ii)]

Time taken to 1 km (in second) = 9 Km speed = 90 Kms™'
60 x 60 60 x 60

Distance traveled using 1 liter of petrol = 6x10°% 20 (01 mark)
° 14125 60 x 60

(correct substitution)
Fuel efficiency = 10.6 Km ! oo (01 mark)

(i) Speed of the vehicle respect to wind = 90 km h-' + 36 km h-' = 126 km h-!

Total power required to maintain N
}: 0.2x2x 1.3 x(3.5x10)" x 25+ 6000

a speed of 126 km h-!

(21920 - 21925)
15925 + 6000

= 21925W (21920 -21925) ... (01 mark)
- = 106 4125
Fuel efficiency = 31925
= BB KM B oo (01 mark)
Alternative Method:

Total power required to maintain a speed of 126 kmh~! (35 m s™'),
= [(0.2) x (2) x (1.3) x (35)* % 25] + 6000

= 21925 W e (01 mark)
Fuel efficiency = 2}3265 x 14125
= 6.8KMh ™ e (01 mark)

L)
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6. Read the following passage and answer the guestions.
. Tectonte Plates
Farthquakes arc one of the powerful natural phenomena on Earth. The ~
internal structure of the Earth is one of the important parameters needed & Lithosphere
1o understand the major seismic activities around the globe. The Earth may N Praiesssppene
be considered to have three major concentric parts, namely the crust, the
mantle and the core [see figure (1)]. The lithosphere and asthenosphere are .o

the two outer layers of the Earth. The lithosphere consists of 10 major rigid
lithospheric plates called tectonic plates which are considered to be floating
on the asthenosphere.

Heat is transferred towards asthenosphere due to the high temperature in the
core. The convection currents thus produced in the asthenosphere cause the
movements of tectonic plates. When two tectonic plates move with respect
1o each other, friction sometimes causes two plates to get stuck. When this happens elastic strain energy builds
up, until eventually the plates give way creating an earthquake. This stored energy is released creating energetic

Figure (1}

waves called seismic waves. These seismic waves travel in all directions from the point where the energy is
released, and this point is known as the focus of the earthquake. The corresponding point on the Earth’s surface,
directly above the focus, is called epicentre of the carthquake.

The Earth’s crust supports propagation of travelling waves. The waves which travel through the crust are
called body waves and those travel on the surface arc called surface waves. The body waves consist of P
(primary) waves and S (secondary} waves. P waves are longitudinal whereas the $ waves are transverse. Since
any material, solid or fluid, can be subjected to compression, the P waves can travel through any kind of
material, However, S waves which depend upon shear force, do not exist in a fluid. The absence of § waves
at large distances from an earthquake was the first indication that the Earth has a liquid region also. The P
waves from an carthquake arrive at a given location before the S waves and surface waves.

There is a large number of seismic data recording stations throughout
the world. In order to find the distance 4 from such a station to
the epicentre, onc needs to measure the difference in arrival times
At of P and § waves to the station [see figure (2)]. The distance

Amplitude (mm)

.. Amival time
Arrival time  of § waves

of P waves

d is given by d = [ At where ¥p and vy are speeds

Up = Vs
of P and § waves respectively. The location of the epicentre can
be found using the d values from at least three recording stations.
By drawing three circles with radii corresponding to the distances
(d values) measured, and using the common point of intersection

i - - ; TP ()
of .the circles (triangulation), one can find the location of the 0 20 40'60 8D 100
epicentre.
. ) ) Figure (2)
Richter scale is the most accepted method used to estimate Lhe
strength of an earthquake. Distance & of the epicentre from the 900
station and the maximom amplitude A, of the seismic waves — 500
recorded at the station can be used to estimate the Richter scale 800 8.0 [
magnitude M of an earthquake using the nomogram shown in figure —200
(3). The magnitude M of an earthquake is related 1o the released 700 1.5 =
energy £ (in joules) by the equation, log,) E=44+ 1.5M. —

: 600 7.0 — 100

(@) What are the three major parts of the interior of the Earth? =~
(5) Explain, why the tecionic plates are in continucus motion? d(km) M Am (mm)
(c) What is the relationship between focus and epicentre of an Figure (3)

carthquake?

(d) Even though P waves can travel through any part of the Earth, S waves can only travel in the solid
parts of the Earth. Explain why?

(e} Draw two scparate diagrams for the propagation of P and § waves indicating the direction of propagation
and the direction of vibration of particles in the medium by arrows. Label them clearly.
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(f) What was the first experimental observation which indicates the existence of a ligquid region in the internal-—-—
structure of the Earth?

(g) Using an appropriate diagram, illustrate the triangulation method used in seismology. Clearly mark the
location of the epicentre as point O and S, S, and S, as the locations of the corresponding stations in
your diagram.

(&) If the graph in figure (2) is a seismogram obtained by a certain station with regard to the recent earthquake in Nepal,
find the value of Az in seconds, and calculate the value of d in kilometres for this station. Take Up = 5 kms™
and vg =4 kms

() Using the nomogram in figure (3) above, estimate the Richter scale magnitude M of the earthquake
mentioned in {(h) above.

Hint:Mark the values of d and A, on the correct axes. Draw the line connecting the two points (d and Ap)
and read the value of the point of intersection of the line with the M axis. You do not need 1o copy the
NOMOgram to your answer scripl.

() Calculate the total energy E released from the carthquake in Ncpal in joules.

www.alpanthiya.lk

E
(k) If Eg is the total energy released and M = 9.1 for 2004 Sumatra earthquake, calculate the ratio, 5
Take 10'® = 63. Ey

(a) the crust, the mantle and the core (all three correct) .o eeeeocececerercenee (01 mark)

(b) due to the convection currents within the asthenosphere..........oocecees (01 mark)

(c) the point on the Earth’s surface, directly above the focus, is earthquake’s epicenter.
(01 mark)

(d) P waves are compressional waves which can travel through any part of the Earth
(solid or liquid). However, S waves depend upon shear force which does not exist in

a fluid. (01 mark)
(e) P - waves wave propagation
-8 >
vibrations of particles in the mesiym (01 mark)
S - waves wave propagation
vibrations of particles in the mesym (01 mark)

(Vibrations of particles should be indicated by two arrows and at least one diagram
should be labeled properly)

(f)  The absence of S waves on seismogram at large distances from earthquakes.
..................................... (01 mark)

(g)

\ ....................................... (01 mark)
P

J

[01 mark for the three circles with a common intersection
01 mark for the correct point O.]
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(Stations can be located on any side of the point O. Full circles not

needed)

(D) A= A0S oo e

~ [SkmsT? x4 km s

- Skms' —4km s

= 800 km (OR 8 x10°)

0 T A K

(i) logE = 4.4+ 1.5(7.9) (for substitution of M)

(01 mark)

.................. (01 mark)

(01 mark)

(01 mark)

(01 mark)

L)
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7. (@) In the human body, if the length of a bone is larger than its width then it (%)
is classified as a ‘long bone’. The tensile stress (;)— strain (%] curve for a 5{"‘ <
certain ‘long bone’ is shown in figure (1). Here, all the symbols have their
usual meaning. A ar
(i) Identify the points P and Q marked on the curve shown in figure (1). 0 : ("""]
Figure (1}

(ii) Assume that the ‘long bone’ is a uniform rod of area of cross-section
3x 10~ m? . If a tensile force of magnitude 4.5x 10° N is applied, calculate the tensile stress on the bone.

(iii) If the Young's modulus of the ‘long bone™ is 1.5x 1O'®N m~2, calculate the tensile strain of the bone.
(iv) If the initial length of the ‘long bone’ is 25 cm, what is the length when the tensile force is applied?

(b) Table given below shows the elastic characteristics of one of the long bones of the human body; the
femur (the long hone in the thigh), obtained under tension and compression.

Elastic characteristics Tensile value Compressive value
Young’s Modulus 1.60 x 10" Nm?2 |1.00 x 10'° Nm™
Stress corresponding to the fracture point [1.20 x 10°¥ Nm2 |1.65 x 10° N m™
Strain corresponding to the fracture point|1.50 x 102 1.75 x 1072

(i) Using the values given in the table above for a femur, show that for the same value of stress, the
compressive strain is 1.6 times the tensile strain.

(ii) Under which condition (tension or compression) the femur is more susceptible to fracturc? Use the
values given in the table above to justify your answer.

(c) When a person stands on a single leg the total weight of the person creates a compressive effect on
the leg. Consider a situation that one of the femurs supports the entire body mass of 75 kg of a person
who is walking. Consider that the femur is a thick-walled cylinder of uniform cross-section with an inner
cavity. Tts outer and inner radii are 1.5 cm and 0.5 c¢m respectively. For the following calculations, use
the values given in the table above.

(i) When the person stands on asingle leg, find the compressive stress applied to his femur. (Take was 3)
(ii) Find the strain corresponding to the situation in (c)(I) above.

(iii} For a human to stand on a single leg without feeling uncomfortable under ordinary standing
conditions, the strain on the femur must be less than 1% of the value of the strain indicated in
the table above. Hence show that when the above mentioncd person stands on one leg he does
not feel uncomfortable.

(iv) Consider a person having all body dimensions doubled including all bones compared to an ordinary
person. Let the mass of such a person be 600 kg. If the scaled-up person now stands on one leg.
does he feel uncomfortable? Justify your answer. Assume that the elastic characteristics given in
the table above remain unchanged for the situation.

(a) (1) P - Proportionality Hmit ... (01 mark)
(No marks for the Proportionality point/ elastic limit)

Q - Breaking point OR Fracture poInt..... s ccssecremeeaees (01 mark)
3
(ii) Tensile Stress = £ = 45x10°
3x10™
= 15X 10" NM™ oo (01 mark)

&

L)
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(iii) Tensile Strain = (—) - (zr_} - L5x10 @
I E 1.5 x 10" b

L

o 107 = QO] ceeereereeeemsmsmemereemmssseseesc s s sesssmseseescesense (01 mark) E

@

Q,

"<

(iv) Newlength = F = (I+Al) = (H%l ) = 1(1 +0.001) :
= 0.25025m OR 25.025cm .coomcvreeuens (01 mark) E

(if the answer given in cm units must be stated)

(b) (1) (ATI) Compressive

E Tensile ' -
e ro— =% ........................... (01 mark)
( £ ) Tensile OMpIEssIve 0O x
I
= 1.6 (For the correct expression)

(1)  Answer: Under tension
Justification: Stress corresponding to the fracture point,
Under compression (1.65 x lOst'z) > under tension (1.20 x 10°Nm™)
OR

Justification: Strain corresponding to the fracture point,
under compression (1.75 x 107*) > under tension (1.50 x 107)

(If the answer and one of the correct justifications given) -..ceeeve. (01 mark)

75 %10 (01 mark)

(C) {i) COIHPI’BSEiVB stress — 3(1_53_ 052 ) g 10_4 --------------------------------------

= 125 % T0NM™ oo (01 mark)

(if m taken as 3.14 the answeris 1.19 x 10°Nm=2)

@M c vestrain = [~) = 12x10 10°
OImpressive strain ] 1.0 x 1010
SR 152235 [ (01 mark)

(if  taken as 3.14 the answeris 1.19x 10~}
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(iii} 1% of the maximum strain = 1.75x 102x 001 = 1.75x 1072 e (01 mark)

Al
(T) in part (i1) above (1.25 x 10~*)< 1% of the maximum strain (1.75 x 10-?)

(In the final answer in part (i1) is wrong, do not award this mark)

(iv) Compressive strain on scaled-up person

(A_f) B 600 x 10
I Tnew 4m (1.5°- 0.5%)x 10™ /1 x 10"
s 75 x 10
4 (1.5°- 0.59)= 10~ /1 x 10"

=25x10™

(if  taken as 3.14 the answeris 2.38 x 107 )

'L,

AL ?u

=

®

=

S

(=

(01 mark) B

£

@

............................. (01 mark) E
.............................. (01 mark)

(i) in part (c)(iv) above (2.5 x 10™)> 1% of the maximum strain(1.75 x 10~)
n

EwW

.. does feel uncomfortable

(If both the answer and the justification are correct) .........ccoeecreuee. (01 mark)

(If the final answer in part (iv) 1s wrong, do not award this mark)

G.C.E(A L) Evaluation Report Physics 2015

- 51 -



R
S

8. (a) A long thin conducting straight cylindrical wire A of radius @ has a charge per unit length +A. Practically

this
0]
(ii)

(iii)
(iv)

(b) Part

can be done by connecting the wire to a positive potential with respect to ground.
Where does the given charge of the wire physically reside?

Considering an appropriate Gaussian surface around the wire, show that the magnitude of the
intensity of the electric field £ al a distance r(= a) from the axis of the wire is given by

= , where & is the permittivity of free space.
2agyr 0 P Y p

Draw a cross-section of the wire, and draw the equipotential lines around it.

If a=10um and A=8.1 x 108 Cm™, calculate the magnitude of the intensity of the electric field
on the surface of the wire. (Take &, to be 9 x 107 F m!, and 7 as 3)

This wire A is now brought close to a region of a uniform 0.2 -0.4 —0.6 0.8 —1.0 -1.2 k¥
electric ficld in which the equipotential surfaces are planar ! : ' ' ' '
and normal to the plane of the paper. The axis of the wire ! : i : * ;
is also normal to the plane of the paper. The dashed lines ‘4 | & i X * ¢ ;
a, b, ¢, d, e and f shown in figure represent the cross-sections ',-2—“‘5“.. ; ' z |
of the above mentioned equipotential surfaces as seen on a b ¢ d e f

the plane of the paper. These dashed lines represent the
equipotential lines corresponding to the electric ficld, and the respective voltages (in kV) of these
equipotential lines are also shown in the figure. Distance between any two equipotential lines is 2 mm,

In this arrangement the wirc A is connected to a positive potential with respect to the ground, and can
be considered as an anode.

(1) Copy the anode and the cquipotential lines to the answer script and draw the electric field
lines from the positions marked with dots on the equipotential line e up to the anode wire A.
(2) Calculate the intensity of the electric field E, between two equipotential lines.

of an arrangement used for the detection of high energy particles and photons is similar to

the one described in part (a)v) above. Suppose that such an arrangement with an anode A having
a charge per unit length +4 = 8.1 x 108 C m™! is housed in a chamber filled with an inert gas (Argon)
at atmospheric pressure.

Consider a situation in which a photon enters the chamber and collides with an argon atom at X crealing a
photoelectron and an argon ion. Such an electron is called a primary clectron. The encrgy nceded to create

one s

M

(i)
(i)

(iv)

v)

uch electron-ion pair in argon gas is 30eV. (1 eV =1.6x 107%J charge of an electron e = 1.6x 10-1° C).

Write down an cxpression for the magnitude of the initial acceleration of the primary photoclectron
due to the clectric ficld mentioned in (a)(v)(1) above in terms of m, e and E;, where m and e are
the mass and charge of an clectron respectively.

Explain, why the electron moves towards anode A with a drift velocity v, without accelerating continuously.

Suppose that the primary electron which started from rest is moving along the electric field mentioned
in (@)(v)(1) ahove. If the average distance moved by the primary electron between two successive
collisions with argon atoms is 0.5 pm, calculate the increase in kinetic energy of the primary electron
between two collisions in ¢V due to the elcctric ficld between two collisions, and show that the primary
electron having this energy is unable to remove another electron upon colliding with another argon atom.
(Consider that the energy required for an electron to remove an clectron from an argon atom is 30 V)

When this primary electron is close to the anode it experiences a high clectric field given by
the expression stated in (a)(ii) above. Under this condition, the primary elcctron gains sufficient
energy between collisions to create electron-ion pairs and the secondary clectrons produced in this
manner in tum create more electron-ion pairs before getting collected at the anode. Total number of
secondary clectrons produced by a single primary electron in this manner is called the amplification
factor for the gas. Ability 10 collect charges by the anode wire indicates that it has the property
of capacitance. This capacitance is called the detector capacitance. When the charges are collected
by the anode, a small voltage is generated across this capacitor.

If the detector capacitance is 5 pF and the voltage generated across this capacitor due lo secondary
electrons produced by the primary electron is 0.96 mV find the charge collected by the anode.

Hence find the amplification factor for the gas.

L)
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(@) (1) The given charge stays on the surface of the wire, e (01 mark) v,
-
©
| / ) =
2a T SO N— @
VAR 2
—
<
Cylindrical Gaussian surface of radius r and length 7 (or of unit length) drawn
co-axially with the Wire e (01 mark)
N
E X 2mrl = S —— (01 mark)
0
E = M
2n e, r
()
.......................................................................... (01 mark)

(At least two circles should be shown)

(1v) Using E = A
2n e r
A 8.1 x 107
When r = a, E = = 6 -12
2nag, 2x3x(10x107)x (9% 1077)
= 1.5%10° VN oo (01 mark)
¥ (1) ~02 -0.4 -0.6 08 -1.0 12 kV
* . I P :
¥ o L ) H '
; " : ¥ "‘r .
a b ¢ d e §
(Parallel field lies Ina — € TEZION) e (01 mark)
(At least three lines converging towards Wire A) ..coocemeemeininneinenns (01 mark)
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AV 0.2 x 10°
@) E =77 = —=
°  Ad 2x107
TR/ ¢ W (01 mark)
(b)(1) eE, = ma
g = ek,
B oo oo er et eren et e seee s e teeeeee e eeenee e oo (01 mark)

(11) Electron makes collisions with argon atoms and thereby loses its kinetic energy.
(01 mark)

(i1}  Kinetic energy gained by the electron between two successive collisions
= work done on the electron by the electric field over a distance s
= eE s
= (L6 107%) X (107) X (0.5 X 10™) oo (01 mark)
8x 10

T olex107”

005eV <305eV

Alternative Method :
= eE,s= e x(10°) (0.5%x10°) V il (01 mark)
SR | JU1 0L O SO £ 55 e o AN (01 mark)
() 0 =CaV (01 mark)

= (5x10") % (0.96 x 107)
i X2 2 LV X G (01 mark)

_ 48x107"°

v) Amplification factor S
1.6 x107"°
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9. Answer either part (A) or part (B) only.
(A) (@) In the circuit shown in figure (1), X is an accumulator of em.f. E and internal

A
i resistance 7. L is an electric lamp connected across AB, and the current through
the lamp is 1. X L
(i) Show that the power P consumed by the electric lamp can be given as Er

P =EI - Pr. B
(ii) Using the dcfinitions for E and I, explain why the product El is equal to Figure (1)
the power gencrated by the accumulator. A

(iti) Electric lamp in the figure (1) is now replaced by another accumulator
of emf. E, and inicrnal resistance r, as shown in figure (2). E > E, I ]. E,r
.

and the current in the circuit is now I;.

2 2
(1) Show that Ef, -Iir= EJl +In. Figure (2) B
(2) Physically what quantitics do the products EJ, and E/, in the
above expression represent? Explain your answer.
A

(b) A circuit similar to the one given in figure (2) above can be
used to re-charge a run-down rechargeable battery. In this context
X

r‘__

X is a source capable of delivering a constant power output, Er E,r,
and is known as the battery charger. ¥ represents the run-down T -[ .
battery. Consider such a circuit shown in figure (3). Figure (3)

X is a 12V battery charger. For the purpose of calculations consider it as a conslant power source with
e.mf 12 V, and an internal resistance r = 2 Q. L is an indicator lamp of resistance r; = 2 Q connected
across the battery charger. E, and r, represent the e.m.f. of the battery Y and its internal resistance at 2
particular instant in the charging process. If r, = 1 Q, and the current through ¥ is | A at that instant,

(i) calculate the e.m.f. E, of the battery ¥ at that instant.

(i) calculatc the power generated by the battery charger, and the power dissipated in r, r, and r, at that
instant.

(iii) apply the principle of conservation of energy to the charging process at that instant, and explain
what has happened to the excess power generated by the battery charger.

@G V,=E-I

P =V,I
(Both eXpressions COITECtS) ......coomumemrerece e cerecm e ieeenees (01 mark)
P = EI-Pr

(i)  E.m.f E is the work done In bringing a unit (positive) charge (or one coulomb)
from the negative electrode which is at a lower potential to the positive
electrode which is at a higher potentials (internally). It 1s stored as energy In
the accumulatorn. s (01 mark)

Current is the charge per unit time
. Energy generated per unit time by the accumulator

=Exc_hai.=Ef
time

G.C.E(A L) Evaluation Report Physics 2015
- 57 -



(1) (1)

2)

(b) (1)

Method 1 : Applying Kirchhoff 's law

L O B (O 0 LSS S —— (01 mark)
“EI —EI = 12(0r+r,)
OR
El, — I*r =EI +17r
Method 2 : Considering accumulator X, V, — V, = V, . = E- Lr
Considering accumulator with evm.f. E — I>r =EJI + 17 r,

Method 3 : Power supplied by the accumulator X = EI, — I’ r

Power consumed by the accumulator of em.f. E, = E /|

Power dissipated by the internal resistance of the

accumulator of e.m.f. El = I!Z r,

Argument using the principle of conservation energy........... (01 mark)

S~ EL -12ri=EI + Ir
E, represents power generated by the accumulator of e.m.f. E.

E I represents the rate at which the work is done by the accumulator X when
sending a current of /| against the em.f. E, of the second battery OR rate at

which energy is stored in the accumulator with e.m.f. E, (01 mark)

(Award this mark if the correct explanation can be found under the (111)(1) above)

lo

Ua_"l)
b E= 12V, r =2Q

—G > A
1A r,=1Q, r =2Q
X L E,T Y i Ez,rz (@TL : L
T I
c

) B
Applying Kirchhoff’s equation to the loop FGCDPF,
TR O B S O S S —— (01 mark)
12 - E,r = 21, + 1 (Correct substitution) ....oceeerceemeremeenenee. (01 mark)

Applying Kirchhoff’s equation to the loop FABCDFGA,
E = L r 4+ (1= 1) P oo (01 mark)

.
S

L)
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12 = 4i, — 2 (Correct SUDSHIULION) oo (01 mark)
14
Iﬂ = 4—
VB, = 12-1-20 = 11-2x
Emf E ofthebattery Y = 4V o (01 mark)
14

(1) Power generated by the battery charger = EI, = 12 x T

= 42W e, (01 mark)
14\
Power dissipated in r = (—) 2
4
= 245 W o (01 mark)
Power dissipated in r, =1x1
= 1T Wit o et e eermaeneas (01 mark)
1Y
Power dissipatedin r, = (T) 2
il Vo e e A (01 mark)
(ii1) Total power dissipated by the circuit elements = 38 W

Difference between the generated power and the power dissipated = 42 W - 38 W
=4W
(01 mark)

The power is being stored in the battery of e.m.f. E, OR This power is used to do
work against the e m.f of battery of em.f E, .o (01 mark)

L
5

L)
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(B) (a) Draw current (I} — voltage (V) characteristic for a silicon diode, indicating its forward bias voltage of
0.7 V on the voltage axis.

(b) Instead of the characieristic you have drawn I ;I 1k
under (a), hypothetical diode characteristic
given in figurc (1) is also used frequently in
the analysis and design of circuits with silicon 5V
diodes. According to the figure (1), current T
through the diode is zero until its voltage '
becomes 0.7 V at which the current increases 0 07V Figure (2)
sharply parallel to the /-axis. Figure (1)

Use the /-~ V characteristic given in figure (1) and calculate the current f in the circuit shown in figure (2).

Also use the characteristic given in figure (1) above to answer all the following guestions.
(c) In the figure (3) shown, D, and D, are silicon diodes, and the input voltages A and B can have either 5V
or 0 V.

(i) Find the voltage (V) at the output F for various combinations of the input voltages and fill in the
following table (Copy the table onto your answer script for this purpose)

rt+5 v +5V
AY) | BEV) | VY iR
0 (1} Dl
A o——lﬂ—-—c F
D

. &

L ]

3 0 X
0 | s Be—K—
5 5

Figure (3) J'=_ Figure (4) JT—

(ii) As far as F ouwtput is considered, if 0.7 V represents binafy 0 and 5V represents binary 1, identify
the gate corresponding to the circuit given in figure (3) and write down its truth table.
(iii) Calculate a suitable value for R, which will limit the sum of the currents through both diodes to 0.5 mA.,

(d) Suppose the terminal X of the circuit shown in figure (4) is now connected to the output F of the circuit
shown in figure (3).

(i) When the inputs A and B represent binary 1, what is the base current /,?

(ii) Show that the transistor operates as a closed switch under the input conditions given in (d){i) above.
Assume that the current gain, 8, of the transistor is 50.

(iii) Show that the transistor, however, does not operate as an open switch when F in figure (3) represents
binary 0.

(iv) With the aid of a circuil diagram, show how you would convert the composite circuit consisting
of circuits given in figures (3) and (4) to perform as a NAND gate by inserting another silicon
diode at an appropriate place in the circuit given in figure (4) above.

(BY@) ————————————na et sn st nanns (01 mark)

! Other possible curves

/

0.7 v = -—
0.7 v 0 0.7 v

(Do not accept the curve given in figure (1) of the question as an answer)
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(b) S =103 4 0.7  ————— (01 mark) é
©
I=43X102A0R 43MA e (01 mark) >
=
=
3]
(c) (1) (For fully correct column F) et (01 mark) %"
A(V) B(V) | F(V)
0 0 0.7
5 0 0.7
0 5 0.7
5 9 5
(ii) Itis AND gate s (01 mark)
Truth table (As shown below) =000 e e e (01 mark)
A B |F
0|0 |0
P ]J0 |0
0|1 ]0
111
5-0.7
(111} R1 = W .............................................................................................. (01 mark)
=86kQ OR 8.6 X 103 Q0 e (01 mark)

(d) (1) |When, A =1 & B = 1 the two diodes do not conduct. However, since +5 V appears across
the series combination of R, and the base-emitter junction of the transistor, the the base-

emitter junction will become forward biased and therefore the voltage at X will become

2N e e Bl (01 mark)

_ 5-07
B ™ gex103

= 0.5 X 10734 OR 0.5MA - (01 mark)

(Accept the answer if a student predicts this value considering the situation given in
part (c)(iii) above)
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(i) When Iy=05mA, i BI, =50 x 0.5 mA 5
(2]
=25 %X 1073A OR 25 MA - rereememmemmmeaennes (01 mark.&
S
Maximum value of the collector current ([}, .. = % 5
=510 3A0R 5mMA e (01 mark}%
ﬁ!g e IC OR the transistor is saturated = = e (01 ‘mark)

(iii) (When F= 0, and if V_is also 0V, transistor should operate as an open switch. However,

this is not the situation in this case as VF =0.7V.)

When V, =0.7V, , this voliage is sufficient to make the base-emitter junction
of the transistor forward biased and therefore the transistor does not operate as

an Open SWI Ich‘ ...................................................................... (Ul Il]ark)

(iv) - In order to operate the combined circuit as a NAND gate the transistor should operate as an
open switch when A = 1 and/or B = 1, so its output is 1 under such situations. This can be

done by introducing another diode in the base circuit as shown in the following figure so that

the voltage across the base-emitter junction becomes less than 0.7 V; (= 02—? = 0.35V)
+5V
1k0
X
T
Diode drawn in the base circuit as shown e (01 mark)
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" 10. Answer either part (A) or part (B) only.

(A) (@) A pipe made of copper having a length L, at room temperature 8, is heated to a temperature 6. Write
down an cxpression for the increase in length of the pipe. Linear expansivity of copper is a.
When answering the following questions always consider steady conditions.

(&) An

insulated straight copper pipe of length L, and intemnal area of cross-section A, at room tcmperature

B, is laid between two oil tanks separated by a large distance 10 transport heated oil from one tank to
the other tank.

If the distance between the tanks is kept fixed at L, a compressive stress builds-up in the pipe when
heated oil is sent through it. Write down an expression for the maximum temperature 8y, of the oil that
can be sent through the pipe without exceeding the compressive clastic limit for copper. Assume that
the compressed length corresponding to the elastic limit of copper is AL,

(c) Inorder to avoid the compression of the pipe as stated in
(b) and use it 1o transport oil at a higher temperature 6,
(>8,, it was decided to modify the pipe by introducing
an additional small circular section made of copper with P i
mean radius r, at room temperature £, so that it forms

I 1] 71

a part of the pipe as shown in the figure.
(iy Explair how such a madification would avoid the compression of the tube with temperature as

(i)
(111)
(iv)
(v}

(vi)

{vii)

stated in (#) above. )

What is the total length of the pipe at room temperature 6,?

Derive an expression for the total length (L;) of the pipe when oil at temperature 8, is sent through it.
Derive an expression for the new mean radius (R,) of the circular section when oil at temperature
B, is sent through the pipe. Assume that the shape of the circular section remains as circular.

Derive an expression for the increase in the volume of oil in the pipe at &, when compared to
the volume at room temperature @,

If the variations of the arca of cross-section of the inlet of the pipe and the density of oil with
Flow speed of oil at 8 | e 5
_ Flow speed of ol at , ' = PP
when its temperature is increased from room temperature 6, to 6, Assume that the pressure
difference of oil between the inlet and outlet of the pipe is constant.

Even if the pipe is insulated, suppose there is a small linear drop in temperature @), across the
entire length of the pipe. If this drop is Af, derive an expression for the mean radius of the
circular scction. Assume that the circular section is located at the middle of the pipe and neglect
temperature variation of that section.

temperature are negligible, derive an expression for the ratio,

(@ Ly = Lo[1+ a8 — 8,)]

(b)

Increase inlength AL = Lo (@ — 8p) o (01 mark)
ALy = Loa(8y — 6,) , e isbpeer et (01 mark)
Oy =220t op gy 4B (01 mark)

Lo Lga

&

L)
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AfL Tt
(¢} (1) The circular section allows the pipe to expand freely by é.
increasing its radius OR The circular section absorbs the expansion ................ (01 mark) g,
o pud
£
=
(i} Totallength = Lo + 279 oo eeeeesemeessmssssenen (01 mark) S
=
@
(i) Ly = (Lg + 2mrg) X [1+ a(By — 2 ] [ - (01 mark) E
(iv) Circumference of the circular section = Ly — L, OR
2nrp[1 + a(8y — 89)] + Loa(By — Bp) ~eeveoerree (01 mark)
— Lu—Lg
Ry = s OR
= 2mrolita(@y—Oo)l¥loa(By—80) T N e (01 mark)
2r
(V) Volume of the pipe at 90, VG = AQ(LU + 27[7'0) ................................................... (01 mark)
Length of the pipe at 6y = [,
. Volume of the pipe at 8y , Vy = AyLy = Agly[l + 2a(8y — 6;)]. (01 mark)
Increase involume AV = Vy — Vy
AV = AGLH[l + 2&(9,,: - 90)1 - AO(LG + 2?1'?'0)
OR
AV = {Ao[Lo + 2mrp[1 + a(8y — 0] + Loa(8y — 8p)] X [1 + 2a(8, — 6]} -
{Ao(Lo + 277q)}
(01 mark)

(Any of the above two forms) e
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(vi) Volume flow rate of oil at §, = A,v, , where v represents the flow speed.

Volume flow rate of oil at &, — Ayvy = AOVH[]- +2a(8y — 90)]
Using continuity eqUation ; e (01 mark)
onﬂ - AHvH

Flow speed of oil at & A

Flow speed of oil at &, A,

- 1
= TRZa@ympgy " —— (01 mark)

(vii) Mean temperature at the middle of the pipe = (HH - EZE) OR
Identification of 522 as the correct temMpPerature  .......oceeceeeeemeeeseemsesssneenees (01 mark)

A8
_ 2mro[1+a(@p - 3 — 6)]|+Loa(Oy - 22 - gy)
2T

Mean radius of the circular section

(01 mark)

L)
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(B) (@) Using the Einstein’s mass-energy relation, determine the energy equivalence of the atomic mass unit (1 u)
in MeV. (1 MeV = 16x 1003 J, Lu= 166 x 1027 kg, and speed of light = 3 x (8 ms™)

(& U nucleus undergoes fission when a neutron is absorbed. One of the modes of fission is given in
the following reaction.

235

96 138

SSCS +2n

The masses of zggu, ggRb, “;gcs and a neutron are approximately, 235.0440 u, 95.9343 u,
1379110u and 1.0087 u respectively.
(t) Find the mass loss of the above fission reaction in ferms of atomic mass units,
(it} Hence determine the energy released in the above fission reaction in MeV,
{c) In a large nuclear reactor the thermal power generated due to the fission of 232 U fuel is
3200 MW. The corresponding electrical power generated is 1 000 MW. Different modes of fission reactions

release different amounts of energy as heal. In these fission reactions the average heal energy generated
per fission is 200 MeV.

(i) Determine the efficiency of the nuclear reactor.
(i) Determine the number of fissions per second (fission rate) at the steady state of the nuclear reactor.
{iii) Hence find the 2;;{] consumption rate in kg per year of the nuctear reactor. (Take Avagadro number
as 6.0 x 102 mol™)
() Natural uranium contains 0.7% of 2f;flj and 99.3% of zggU by weight. Only 2'3;]_[ is required as
fuel for the above nuclear reactor to generate electricity. The above reactor requires uranium fuel of 2%
enriched uranium (uranium fuel consisting of 2% 235U by weight).
Determine the 2% enriched uranium fuel required to run the 1000 MW reactor mentioned under (c)
above for one year.

(€) In coal power plants, burning of carbon produces the heat energy required to produce electricity.
C+0, —CO, +4¢eV
The efficiency of a coal power plant is mostly the same as the efficiency of a nuclear power plant. Determine
the amount of carben in kg required to run a 1000 MW coal power plant for one year, Assume that the efficiency
of the coal power plant is same as the efficiency determined in {c}(i) above.
(Molar mass of C = 12 g mol-!).

(B)(a) Energy equivalence of 1 u :(1.66 x10*) x (3 x10°%) SRRSO (1) 8 11 F:3 J 4]
= 1.494x101°]

1.494 x10~10
1.6 x10~13

=933.7 MeV (933 MeV -934 MeV) (01 maark)

(b) (1) mass before the reaction  =1.0087 + 235.0440 u = 236.0527 u

mass after the reaction  =959343+137.9110+2 X 1.0087 u=235.8625u .

mass loss = (l 0087 +235.0440 ll) - (959343 +137.9110+2 x 1.0087 u)
S— |} i1 F:1 4 4]
mass loss = 0.19u weeerenen (01 mark)
(i) Energy released =(0.19%934)

L)
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(¢) (i) Efficiency =05 ¥ 100
=31.25% SRS (1) U811 F:1¢ 4]
(i1} Heat energy produced per second ' =3200 % 10%}J

Average heat energy produced per fission = (200) x (1.6 x 107'%) (01 mark)

=3.2 x10!')
Number of fissions per second = 2200 %100
3.2x10"11
= 1(%° R (1) I 17 ¢ Y]
(ii1) f 23517 at i (01 k)
111 —
mass of one 235[] atom 6.0 <1023 mar
=392 x10B g=39.2 x102 kg
=(39.166 g)
235|) consumption rate = (1 x 10%%) x(39.2 x10%6) (01 mark)
=(39.166 g)
23U consumption per year = (3.92 x10-) x(3600x24x365)
=1.24 x10° kg y-l crvserssssnmrmsssmnees. (01 TATK)
= (1.235x 10"
(d) 2% enriched uranium fuel required = (1.24x10°) / 2%
=62,000kgy! ... (01 mark)
= (61150 — 62000)
(e) Energy produced by burming one atom of carbon. =4 eV =4x (1.6 x ]0"9)
=6.4x10%]
Carbon consumption rate = 3200 x10%/ 6.4 x10'* (01 mark)
=5.0 x10%7 atoms s™
Mass of one carbon atom = L
= 6.0 x1023 (01 mark)

=2.0x102 g=2.0 x10%kg

Carbon consumption per year = (5.0 x10%7) x(2.0 x102%)x(3600x 24x 365)
=132 x10° kg y! (01 mark)

&

K.
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