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Figure (1) shows the motion of a simple

pendulum of length /.

(a) Write down an  expression tor
the period of oscillation T of the simple
pendulum in terms ol / and aceeleration due :
lo gravity, g. e b

(b) [n the laberatory experiment to find the value of g. using
the simple pendulum you are provided with a stop-waltch
which can measure the time with an accuracy of 0.5 s, If
the estimated value of the period T is 2 s, determine the
minimum number of oscillations you should take to
reduce the percentage error of 7 down 10 [%.

(c) A student has designed an
elecirical method to determine the
period of oscillation 7' more
accurately by using a ‘detector
system ' .

source diode Detecror diode

L L L.
IR beam

figure (2)b)

To computer

figure (2)a)

The detector system consists of a source diode and a de
tector diode. Source diode, emits a narrow beam of
Infra-Red (IR} light with a constant intensity of l,- This
light beam is detected by the detector diode, and it also
measures the intensity of the beam [see figure (2)a).
Detcctor system is placed in the path of the bob of the
simple pendulum. While oscillating, the bob also crosses
the 1R 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 L.
When the bob is oscillating, the computer monitor displays
a graph of the variation of the detector signal intensity (/)
with time (r).

1(s)

figure (3)

Figure (3) shows such a graph displayed on the computer
screen and s taken in a situation where the force due to
air drag is negligible. The time interval corresponding
to the zero detector signal is ¢, (sce figure).

(i) Value of 1, 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 ¢ when (1} v is In
creased (2) 1 is increased?

(1) Related o u: ..

(2) Related to DD 1 oo

................................................................................

(i1)Write down an expression to estimate u in terms of D
and 1.

(iiiy What is the value of T according to the graph given in
figure (3) above?

(d) Student placed the deteclor system at the most appropriate
posiion of the path of the bob 1o determine the
maximum speed v, of the bob, and abtained a graph
similar o the graph shown in figure (3).

(i) With respect Lo figure (1) above, give the position (4 or
B) at which the swdent should keep the detector

system in order to determine u_. Give a reason for your
choice.

................................................................

---------------------------------------------------------------------------------------

(ii) In order to carry out this experiment, the student says
that the cylindrical bob shown in figure (4)(a) is better
than the spherical bob shown in figure (4)(). If both
bobs have same diameter D, give a reason to justify
his statement,

n

figure (4)(a)

figure (4)(8)

(iii) The student decided to calculate v, using the graph
mentioned above, and the expression in (cHii). Can he

get the exact value for v, by this method? Explain your
answer,

Q-9

Sadeepa Publication

A

]
&

www.alpanthiya.lk



() Thr:*stud-:nl observed that in a siwation where the foree due
t air drag is significant, the maximum speed v that he
nhla'uned, decreases considerably  from oscillation 10
oscillation and the bob finally comes to rest.

(i) For such a situation, complete the graph of (7 with (£)
that you would expect for g period of time 7 on the

e prien fedim
¥/
!
r=1a0 t = T >t (s)

(i} IFthe maximum speeds of the bob at £ =0 and ¢ = Tare
0.44 ms" and 042 ms' respectively. estimate the
energy loss of the pendulum due 1o air drag during the
time = Qto 1= T. Mass of the bob is 100 g,

D LT T T TR

The experimental setup shown in the above figure is used Lo verify
the pressure law for a gas.
(a) The pressure law can be applied to a gas only il two
variahle quantitics pertaining to the gas are kept conslant.
Wl are those quantitics?

(1 ..

(i) .. . :
(b) W hat is the reason for using the capillary tube XY in this

selup?

S R s

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

e R L L LI LR E T r T T T e TP PP P P R LT

{d) Even il the temperature of water is maintained at a certain
value it does not mean that the temperature of the gas inside
the bulb has reached the same value, In this experiment,
how would you make sure that the temperature of the gas
inside the bulb has reached the temperature of water?

........................... T T T LTI LTI Te P

(¢) Write down the two main steps used in the experimental
procedure to maintain the temperature of water at a suitable
value before measuring that temperature in  this

experiment.
(1) oottt e bbb e e e s

() Write down the main step in the experimental procedure
that vou would follow before taking the relevant readings
to obtain the pressure of the gas.

T

AL zdSu

{g) If the atmospheric pressure is H centimetres of mgrye
and the height difference of the twa mertury M“ﬁ
jbes A and 8 is A contimelres, draw @ rough sk e

poranh thit yoo seould plod 17 e 2Even Jdigeram iy ondey
verifi: the pressure iaw. Labe! the aves correctly,
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(/1) The graph below shows the variation of pressire P iy
volume I Tor an ideal gas at femperature 400K,

£ x10°Pa
10 T
: At s
L_T-a—l--rh—-—e-.-q MR

8 . IL":—fj-r.- ::_1_ -
1 *H 1 Hij—_r

o P Sn b
jesssnusyiasdlm
:*.::.‘:.':'.{ Jrﬂ-

I . i‘,ll. .|;
8

2 RRatogkal b annan
A Iji F"-l:—i—i——

24 :M -I—-—-Ll $—-;—1-
AR P a0k
jasgesgengiaies

0 00 40 o KO 100

Fox 107 !

(i) Caleulate  the  values 1" and P, of  pressire
corresponding 1o the volumes 20 x 107 m' an
60 x 10" m* of the gas at temperature 600 K.

carmren

(1) Mark the points corresponding to the values that you
have obtained in (/i) (i) above, an the graph given under
(%) above and draw a rough sketch of a curve to show
the variation of the pressure with volume at 600 K of
the pas an the same graph.

You are asked to determine the focal length of a convex lens
e:«.per:mc.nmlly using the no-parallax method. Assume that.you
are provided with all the items necessary to carry out this
experiment.
(@) ;?m“-l-a diagram 1o show how you would sctup all the
c;cls.;jary ems on the table to carry out this experimen!
and label the items. (Stands on which the items are mounte¢
should be clearly drawn.)

Q-10
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(b) Before setting up the items for the experiment, it is
convenient o know a cenain data pertaining Lo a certain
item given, What is this data? Describe a simple method to
obtain an approximate valuc for this data.

R T

------ A e e R N R AR S ety a
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(¢) Suppose that when looking al the image afler selting 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 10 the pins and (he other
related to the lens, as to why this has happened.
{i) Pins:

() Lens: o

IR TTPPP e

(d) In this experiment, suppose you have observed thal, as the
eye is moved sideways across the optical axis, the image
moves opposile 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.

L R R L L T Ty PP PP PP

mrsEEmirennnn P TSN pR

(¢) If the object distance, image distance and the focal length
of the convex lens are w, v and / respectively, rearrange
the lens formula in order to determine the focal length of
the lens by plotting a lincar graph. State the sign convention
that you have used for the lens formula.

D TR TP T T PP,

----------------------- reraeerrens TTTRTT PP

S R ITLTIEE . . [P T R S

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

(g) Draw a rough sketch of
the expected graph on
the same diagram. Use the
signs for the ohject distance
and image  distance 0
according 1o the sign
convention used in ().

(8) An incomplete diagram of a potentiometer circuit that is
being used in the laboratory to determine the internal
resistance », of a standard cell of em.f. E, (< £) is shown
in figure (1).

it P

Ear., -/l
@

&
S

(iii)If £ is the balance length of the polentiometer wire, and
k is the potential drop per unit in this length of the
potentiometer wire, derive an expression for thé
product &€ in lerms of £, 1, and R.

C T L L R R R T TP T P P TR

B 8 S B R R R R R R e A RS EREE SRR

L

(b) A student decided o modify the above setup to determine
the resistance per unit length (m ) of a nichrome wire by
replacing the ilem X of the circuit with the nichrome wire
of length £,

(i) 11 1he balance length of the polentiomeler wire in this
case is £, modify the expression that vou have given
under (a)(iii}, and wrile down an expression for product
ke, intermsol £, m_f.and

D R P

B LT L T

(ii) Rearrange the expression that you have given under (b)
(i) in a suitable manncr to plot a graph between 1/, and
14, taking 1/ as the independent variable.

.................................................................... S

(iii)How would you deternine m_ using the data obtained
from the graph mentioned in (A}(ii) above and the value

L]
L T A
.................... T P
B b e e B R SRR AR R S RREEEEEES T T T,

PP ("

{iv)Il the nichrome wire provided to the student has a
diameter of 1.6 X 107 m, calculate the length of the wire
necessary Lo obtain a resistance of 50 . Resistivity of
nichrome is 10* Q m. (Take n as 3)

............ L

B TP B T T LT T T T T e pp——
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B T

(¥} The nichrome wire of resistance 50 Q is fixed onto a
metre ruler. You are asked to oblain a set of
measurements from the potentiometer to detennine m,
using the graph mentioned in (&)ii) above. By
completing the circuil in figure (2) given below, show
as 1o how you would connect the nichrome wire to the
polentiometer i order 1o obtain the relevant
measurement for a wire length approximately
corresponding to 25 Q.

E

" ]
ETHES

I : ' I L]
A B Figure (1)
g W S

(i) Complete the section of the circuit between P and @ !

using standard circuit symbols. i |
{ii) What is the item used in the laboratory for X 10 obtain /" - -

aresistance. R? Nichrome wire Fl%m (2}r-.1c‘t.r:\n|]er

..................................................................................... — Sadecss Feblication

A/L 'Physics’ August 2015

)

|
&

www.alpanthiya.lk



GBI STIE waDD O
General Certificate of Education

cws wog! @
(Adv.chc.'J Exa

Physics Il

=013 GOIITY
mination, August 2015

PART B - ESSAY

Answer four quesiions o
10N kg-1)

g=10Nkel)

5

th

fa) A vertical flat board of cross-

-—

flal hoard

sectional area A moves in still
air at a constant speed v as
shown in the figure. Consider
the relative motion of the board
and the air molccules. Under
this condition, assume that
the air  molecules collide
with the surface of the board
perpendicularly and after colliding. bounce back in the
opposite dircction with the same specd v with respect (o
the board.

L

.‘_.

m

(i) If m is the mass of an air molecule, wrile down an
expression for the change in momentum ol 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 Fexerted on the board by the air
can be given by F = 2A4dv°, where d is the density of
air. This force is known as the drag force,

The drag force (F,} on an object moving in a fluid depends
on the shape of the object. A more accurate expression for
i, can be given as F, = KAduw’, where Kiis a constant
which depends on the shape of the objeet. Drag foree play s
an important role in the design of the external shape of
vehicles.

Cansider a motor vehicle moving in still air on a fat road
with a constant speed v. Take K= 0.20, 4 = 2.0 m? for the

motor vehicle and = 1.3 kg m?,

(i} Write down an expression for the power (P) necded lo
overcome the drag force £,

(ii) Calculate the power P when the molor vehicle is
moving with a speed of 90 km h' (=25 m 5.

(iii) If the power needed to overcome other cxternal
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 to

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 b (= 35 m s), 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 aroad 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 | 200 kg.

(Take sin 3° = 0.05)

iy

——
motor vehicle moving ona flat road as de
in (b)(iii) above. Cnnsid;r that t!'lc: CNETEY refen,
burning one litre of petrol is 4 X 107J and only 5,

i used to drive the wheels. Undg fol

energy | !
conditions, calculate the fuel cfficiency of this

vehicle in kilometres per litre.

fc) Considera

IJ!]l
D‘h-i!
Ty

(i) When it moves in still air,

(ii) When it moves in opposite direction (o a wind blow
at constant speed of 36 km h' (= 10 m s7), y

6. Read the following passage and answer Lhe questions.

Tectonic Plates

AN

Earthquakes arc
one of the powerful
patural  phenomend
on Earth. The internal
structure of the Earth
is one of the important
parameters needed 1o
understand the major

st .
Crus Ll[h{)ﬁphm

Asthenospher

Mantle

seismic activitics \
around  the  globe. Core Y
The Farth may be \\\
considered _to’ have \ \‘/
three major concentric \

parts.  namcly  the

crust, the mantle and the core [see figure (1)]. The lithosphere sl
asthenosphere are the two outer layers of the Earth. The lithosphee
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 hig
temperature in the core. The convection currents thus produed
in the asthenosphere cause the movements of tectonic plait
When two tectonic plates move with respect 10 each oihe
friction sometimes causes two plates to get stuck. When B4
happens elastic strain energy builds up, until eventually the pi€
give way creating an carthquake. This stored cnergy is el
creating energetic waves called seismic waves. These seis™
waves travel in all directions from the point where the eneig) "
released, and this point is known as the focus of ther carthqual
The corresponding point on the Earth’s surface, directly ahove
focus, is called epicenter of the earthquake.
The Earh’s crust supports propagation of travelling W8** Th:
waves travel through the crust are called body waves &1 =
trnvcll on the surface are called surface waves. The b0
consist of P (primary) waves and S (Secondary) waves
i 10.ngill-ldinn1 whereas the § waves are transvers: .Sj 1he
) gh any king of material. Howe .
which depend upon shear force, do not exist in a fiuid- T

o

dy wav
S

nice an
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of § waves at large distances from an carthquake was the first
indication that the Earth has a liquid region also. The P waves from
and carthquake arrive at a given location befor the § waves and
suface wives.

Amplitude (mm)

Arrival time of §
waves

Arrival tlime of P
waves

! T ()
0 20 40' 60 80 100

Figure (2)

dfkm) M
Figure (3)

An (mm)

There is a large number of seismic data recoding stations throughout
the world. In order o find the distane o from such a station o
the epicentre. one needs 10 measure the difference in arrival times
At of P and S waves of the station [see figure (2)]. The dist:-mco:

d is given by 4= _Uﬁ.\_}ﬁ-r , where v, and u, are speeds

LUy

of P and § waves respectively. The location of the epicentre can
be found using the o values from at least theree recording stations.
By drawing three circles with radii correspoding to the disances (4
values) measured, and using thc common point of intersection of
the circles (tringulation), one can find the location of the epicentre.

Richter scale is the most accepted method used to estimate the
sirength of an earthquake. Distance o of the epicentre from the
station and the maximum amplitude A of the seismic waves
recoded at the station can be used to estimate the Richter scale
magnitude 1/ of carthquake using the nomorgam shown in figure
(3). The magnitude A7 of an carthquake is related to the related to
released energy £ (in joules) by the cquation, log, £=4.4 + 1.5M.

(a) What are The three major parts of interior of the Earth?
(b) Explain, why the tectonic plates are in continuous motion?

(¢) What is the relationship between focus and epicentre of an
earthquake?

&
S

(d) Even though P waves can travel through any part of the
Eaths, § waves can only travel in the soild parts of the Earth.

Explain why?

(e) Draw two separate diagrams for the propagation of FPand §
waves indicationg the direction of propagation and the
direction of vibration of particles in the medium by arrows.

Label them clearly.

(f) What was the first experimental obsrvation which indicates
the existence of a liquid region in the internal structure of
the Earth?

{g) Using an appropriate diagram, illustrate the triangulation
method used in scismology. Clearly mark the location
of the cpicentre as point Qand 5, 5, and §, as the locations of
the corresponding stations in your diagram.

(h) If the graph in figure (2) is a seismogram obtainded by
a certain station with regard to the recent earthquake in
Nepal, find the value of At in seconds, and calculate the
value of d in kilometres for this station. Take v, = 5kms™" and

v,=4kms™.

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

Hint:  Mark the values of d A_ on the correct axes. Draw the line

connecting the twa points (dand A ) and read the value

of the paint of intersection of the line with the M axis. You
do not need Lo copy the nomogram to your answer script.

(j) Claculate the total energy E,, released from the earthquake in
Nepal in joules.
(k) IfE;is the total energy relased and M = 9.1 for 2004 Sumatra
L
E-‘ Take 10'? = 63.

N

carthquake, calculate the ratio,

07. (a) In the human body, if the length of a bone is larger than
is width then it is classified as a 'long bone’ The tensile

stress | F \ - strain [Af| curve for a certain ‘long
A f
bone' is shown figure (1). Here, all the symbols have

their usual meaning.

(==

=1 .

()

(i) Identify the points P and Q marked on the curve
shown in figure (1).

Figure (1)

(ii} Assume that the long bone' is a uniform rod of area
of cross-section 3 » 10* m’ If a tensile force of
magnitud 4.5 % 10 N is applied, calculate the tensile
stress on the bone.

"
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(b)

(iii) If the Young’ s modulus of the long bone' is 1.5 %
10N m ?, calulate the tensile strain of the bone.

(iv) If the intial length of the Tong bone' is 25cm, what is
the length when the tensile force is applied?

Table given below shows the clastic characteristics of
one of the long bones of human body; the femur

(the long bone in the thigh), obtained under tension
and compression.

Elastic characteristics

Tensile value

Compressive value

Young's Modulus

Lot se TOMNme? | 1,00 % 100N m™

Stress corresponding 1o
the fracture point

L20% P Nm? | [.65% 10* N m"

Strain corresponding to
the facture point

1.50 » 107 175 1!

(<)

8 (a)

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

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

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 the femur is a thick-walled
cylinder of unitorm cross-section with an inner cavity.
Its cuter and inner radii are 1.5 ¢m and 05 ¢m
respectively. For the following calculations, use the
values given in the table above.

(i) When the person stands on a single leg, find the
compressive stress applied to his femur.

(Take mas 3)

(ii) Find the strain corresponding Lo the situation in (c)
(i) above.

(iii) For a human ta 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
mentioned person stands on one leg he does not

feel uncomfortalble.

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

situation.

(iv)

A long thin conducting straight cylindrical wire A u:_:‘f
radius @ has a charge per unit length +A. Practically this

can be done by connecting the wire to a positive
potential with respect to ground.

(i) 'Where does the given charge of the wire physically
reside?

(b)

e

AL w8

(i) Considering an appropriate Gausqian Sur
around the wire, show that the magniy, g
Intensity of the electric field E at distance

ty
i
nf \
\
PI"._ |
;
-";‘"-‘
2y .

form the axis of the wire is given by dy £ =
L]

where €, is the permittivity of free space,
il

(iii} Draw a cmss-_scciinn of ‘.he wire, and gy, |
cquipotential lines around it.

(iv) If @ =10pm and A=8.1X 10°C m", calcyly, |
magnitude of the intensity of the electric field op
surface of the wire, (Take g, to be 9x]gu FI‘I-L

and mas 3.)

=

www.alfﬂanthiya.lk
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* (v) This wire A is now brought close to a region of |,
uniform electric field in which the equipoteny,
sufaces are planar and normal to the plane of 1p,
paper. The axis of the wire is also normal 1o the play,
ofthe paper. The dashed lines a, b, ¢, d, e, and fshow,,
in figure represent the cross-sections of the aboy,
mentioned equipotential surfaces as seen on 1y
plane of the paper. These dashed lines represent thy,
equipotential lines correspanding to the electi
field, and the respective voltages (in kV) of thrs,
equipotential lines are also shown in the figure
Distance between any Iwo equipotential lines i
2 mm.

In this arrangement the wire A is connected toa
pusitve potential with respect to the ground, and
can be considered as an anode.

{1) Copy the anode and the equipotential lines to th
answer script and draw the electric field lines from
the positions marked with dotis on the
equipotential line ¢ up to the anode wire A,

(2) Calculate the intensity of the electric field E
between two equipotential lines.

Part of an arrangement used for the detection of high
energy parlicles and photons is similar to the onf
described in part (a) (v) above. Suppose that such ¥
arrangement with an anode A having a chargre per unt
length +A=8.1 x 10* C m" is housed in a chamber fille<
with an inert gas (Argon) at atmospheric pressure,

Consider a situation in which a photon enters th*
chamber and collides with an argon atom at X creating!
photoelectorn and an argan ion. Such and f.‘l-‘.'ctrl-l.
called a primary electron. The energy needed to 1<
one such electran-ion pair in argon gas is 30eV (1ev=I®
x10-"], charge of an electron e = 1.6 * 10" C).

(i) Write down an expression for the magnitude oft¢

initial acceleration of the primary pholoc!cclft:"-
due to the electric field mentioned in (A¥\
above in terms of m, &, and E, wherem and care
mass and charge of an electron rcspccﬂ\"-"’)'-

Q-14
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(i)

{iii)

{iv)

(v)

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
(a)¥)(1) above. If the average distance moved by
the primary electron between Iwo  successive
collisions with argon atoms is 0.5 pm, calculate the
increase in kinetic energy of the primary electron
between twao collisions in ¢V due 1o the electric field
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 10 remove an electron from an argon atom
is 30 eV)

When this primary electron is close to the anode it
expericnces a high electric field given by the
expression stated in (a)(ii} above Under this
condition, the primary electron gains sufficient
energy belween collisions 1o create electron-ion
pairs and the secondary electrons produced in this
mannet in turn creat more electron-ion pairs before
getting collected at the anode. Total number of
secondary electrons produced by a single primary
electron in this manner is called the amplification
factor for the gas Ability to collect charges by the
anode wire indicates that is has the property of
capacitance. a small voliage is generated across this
capacitor

If the detector capacitance is 5 pF and the volatage
generated across this capacitor due to secondary
electrons produced by the primary electrons
is 0.96 mV find the charge collected by the anode,

Henee find the amplification factor for the gas.

9. Answer either part (A) or part (B) only.

(A) (a)

In the circuit shown in A
figure (1), X s an
accumulater of emf E

and internal resistance r, X Er L
L is an electric lamp

connected  across AB, B
and the current through Figure (1)

the lamp is [.

(i)  Show that the power P consumed by the electic
lamp can be given as
P=El-lIT

(ii) Using the definitions for E and J, explain why
the product EI us equal to the power generated
by the accumulator.

A
I :L E,.r
X E.r
8
Figure (2)

&
S

(i) Electric lamp in the figure (1) is now replaced
by another accumulator of em.f E, and
internal resistance r, as shown in figure (2) £ >
E,and the current in the circuit is now. I,

(1) Show that E1 - P, r=EJ + P r,.

(2) Physically what quantities do the products
El and EJ in the above expression
represent? Fxplain your answer.

X—I—Er W}J—Er @L
T T&% 7

ﬂguru (3)

(b) A circuit similar 10 the one given in figure 12) above

can be used 10 re-charge a run down rechargeble battery
In this context X is a source capable nf delivering a
constant power output, and is known as the hattery
charger. Y represents the run-down battery Consider
such a circuit shown in figure (3).

Xisa 12 V battery charger. For the purpose of calculations
consider it as a constant power source with em.f 12 V,
and internal resistance r = 2 2. L is indicator lamp of
resistance r, = 2 & connected across the battery charger.
E,and r, represent the em.l of the battery Y and its
internal resistance at a Particular instant in the charging
proccess. If r,= 1 N and the current through Yis 1 A at

that instant,

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

(i) calculate the power generated by the battery
charger, and the power dissipated inr, r,and r,
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.

{B) (a) Draw current (I)

1k
7 1kQ
T vy VT
Figure (1) Figurc (2)

voltage (V) characteristic for a
silicon diode, indicating Its forward bias voltage of
0.7 V on the vollage axis.

{b) Instead of the characterlstic you have drawn under
(a), hypothetical diode characteristic given in figure

A/L 'Physics' August 2015
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(1) is also used frequently in the analysis and design
of circuits with silicon diodes. According to the figure
(1), current through the diode is zera until its voltage
becomes 0.7 V at which the current increases sharply

10, Answc

parallel te the f-asis.

Also use the characteristic given in figure (1) above to answer all
the folling questions.

() In the figure (3) shown, D, and D, are silicon diodes, and

the input valatages A and 8 can have either 5 Vor 0 V.

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

A(V) B(V)
0

Vv)

(=]

wy

5
0
5

[¥.

| R +5V
iR,
: 1kQ

(d)

T

Figure (3)

Figure (4)

(ii) As far as F output is considered, if 0.7 V reperesents
binary 0 and 5 V represents binary 1, identify the
gate corresponding to the circuit given in figure (3)
and write down its truth table.

(i} Calculate a suitable value for R, which will limit the
sum of the cuerrents thorugh both diodes 10 0.5 mA.

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

figure (3).

(i) When the inputs A and B represent binary 1, whal is
the base current 1,7

(ii) Show that the transistor operates asa closed switch
under the input conditions given in (d)(i) above.
Assume that that the cuurrent gian B, of the
transistor is 50.

(i) Show that the tranistor, however, does not operate as
a open switch when Fin figure (3) represents binary
0.

(iv) With the aid of a circuit diagram, show how you
would convert the composile circuit consisting of
circuits given in figures (3) and (4) to perform as
a NAND gate by inserting another silicen diodeatan
appropriate place in the circuit given in figure (4)

When apswering the ft

(b) An inst

'« A

Mg
=
| o
14

¢ cither part (A) or part (B) only.

(a) A PiPC made of copper having o

" foom temperature 8, is heated to te h
Write down an expression for the 'lnnml ‘l\:‘w

o Ty he pjfm. Linear .r.'.i'ﬂ?n‘i".ff V.r‘.f‘r of copper jy a

Jlowing questions always Conside; g,

1
]

)

ay

Jated straight copper pipe of length | .
| arcix of cross-section A, at room "-'*"Iler‘al.d
d between two oil tanks separated byals:
heated aill from one tapy !J:ft

4

intern:
0, is lai
distance o transport
other tank,

www.alpanthiya.lk

rween the tinks is kept fixeq ag
ilds-up in the pipe
- IF.I
it. write down an "-'J‘Pl"hxi:,

o

If the distance be
a compressive sLICss bu
heated vil is sent through
fur the maximum temperate 8, of the oil that ¢, .
sent through the pipe without exceeding yp,
compressive clastic limit for copper. Assume that gy,
compressed length correspo nding to the elastic Jir, ,

of cooper is AL

__,..A-‘—_- - SC——— el r'i
R rrr N A
—

1] |

(c) [norder toavoid the compression of pipe as stated .

(b) and use it to transport oil at a higher temperaturs
0, (>0,) it was decided to modify the pipe iy
introuducing an additional small circular section
made of copper with mean radius r, at room
temperature 8,50 that is forms a part of the pipe &
shown in the figure.

(i) Explain how such a modification would aveid
the compression of the tube with temperature 2
stated in (b) above.

(i) What is the total length of pipe at room
temperature 6,2

(iii) Derive an expression for the total length ( L) of
the pipe when oil at temperature 6, is sent
through it.

(iv) Derive an expressian for the new mean radius
(R,) of the circular section when oil &
temperature 8, is sent through the pipe. Assum¢
that the shape of circular section remains
circular.

(v) Derive an expression for the increase in the
volume of oil in the pipe at 8, when compared to
the valume at room temperatur ;.

(vi) If the variations of the area of cross-section of
the inlet of the pipe and the density of ol
with temperature are negligible, derive %

Flow speed of oil 2t 9,,)
expression for the ratio,\ Flow speed 10 oil at &,

in the pipe when its temperature is incre
from room temperature 8,10 8, Assume that the

above.
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pressure difference of oil between the inlet and Determine the 2% enriched uranium fuel required to run the
outlet of the pipe is constanl. 1000 M W reactor mentioned under (c) above for one year.
(vii) Even if the pipe is insulated, suppos there is a (¢) 1In coal power plants, buring of carbon produces the heat
small linear drop in temperature 8, across the encrgy required lo produce electricity.

entire length of the pipe. If the drop is A 8 drive
an expercssion for the mcan radius of the
circular section. Assume that the circular
section is located at the middle of the pipe and
neglect tmperature variation of that section.

C+0, — = CO,+4cV

The efficiency of a coal power plant is mostly the same
the efficiency of a nuclear power plant. Determine the
amount of carbon in kg required 1o run a 1000 M W coal
power plant for one year. Assume that the efficiency of

(B) (a) Usingthe Einstein’s mass-energy relation, determine : . g
the coal power plant is same as efficiency determined in

the energy equivalence of the atomic mass unit (1 u) .
in MeV. (1 MeV = 1.6 % 10"'J, lu = 1,66 x 107 kg, (c) (i} above.
and speed of light =3 x 10"ms)

www.alpanthiya.lk

(Molar mass of C = 12 g mol ')
(b) 233\, nucleus undergoes fission when neutron

is absored. One of the modes of fission is given in
the following reaction.

+235 96 138
n4 gzu___p.ﬂgb+ 5.,,Ce*.+24.,
9%

138 .
. nl{b. 5 Cs anda

neutron are approximately, 235.0440 u, 95.9343 u,
137.9110 u and 1.0087 u respectively.

The masses of 29325 U

(i) Find the mass loss of the above fission reaction in
terms of atomic mass units,

(ii) Hence determine the energy released in the
above fission reaction in MeV,

{c) In a large nuclear reactor the thermal power

generated due 1o the fission of 17935 U fuel is
3200 MW. The corresponding electrical power
generated is 1000 MW, Different modes of fssion
reactions release different amounts of energy as heat.
In these fission rcactions the average heat energy
generated per fission is 200 MeV.

(i)  Determinc the efficiency of the nuclear reactor.

(ii) Determine the number of fissions per second
(fission rate) at the steady state of nuclear
reactor,

(iii) hence find the 3y consumption rate in kg

per year of the nucler reactor. (Take Avgadro
number as 6.0 x10* mol™*

(d) Natural uranium contains 0.7% of 233 U and

92
993% of 29328 U by weight. only 233y is
required as fuel for the above nudear reactor to
generate electricity. The above rector uranium fuel of
2% enriched uranium uranium fuel consisting of

235y ,
2% 92 by weight).
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