ALLANSIUE-R-31NE W)
f-_‘-“l--—a e v S— —

- A

Gog @ BT qE0B | upaprs uglinflemougen gy IAH Righis Keserved)

@wm@m@m:

L G @ _thiNew Syﬂa&u%

o o LS L et <1 ST .

TR

. . m03aas 4 gom Puma mﬂ:bm@z@é@@@;@

dombnann  Gaswnan 1l a A0
tons. e Lanka Depariment o @5&1

IR

G (obatysy
Fi T Y T (0 (T T W BT R RN
'kﬂ?ﬁ}hl[ﬁﬂﬂ%ﬁ K. S Lanka Peparimes;

IREREr foe ogonotilnd

AT T T o L O T PR DA T e
e germ DR uvendoefTag

e L @y ihmatidhasnp
e § . Wi K] : i it Eadsmliogs. So Lanka g |
o Gomn Ome of ; .i;d : ﬁg’- i -wﬁ‘*-ﬁ)g i oembosdzyt £ gem B eembrofnin i |
% Ameadamil Bl T, E}d-,,wi;i i |:’3%.? |E’§ﬁeﬁh’ AT Tk T

ULt G Y At
= e

] gOpum oo

enln oy (cod cog)

Bwoa, 2019 geoicly

seoellls Qungis
CGeneral Ceriificate of Rducation

SITHIL UGBSy

e wi sn0 uflae, 2019 PESOT

apsiigy  weflgaiuameanth
L Three hours J

) (Adv. Level) Examination, August 2019
(@098 Bep® 1) Y=Y 3) e

I | Quetg@dmsefiuey  IE | |[E"§-? !| 7 aonran

5 L_Fﬂnysﬂi?:s E%J 01 r el i %ﬁ}ﬁ
i EIpag £pandT I

@93 Bud® magem 588y 10 6 )
Comogls amdliy Gppm - 10 AL mimeir
Additional Reading Time - 10 minutes

[ Use additional reading time to go
_that you give priority in answering.

—

through the question paper, select the questions and decide on the guestions |

i = e e — — __ =T T e ﬁm;-mmﬂ.::a-mwinrﬂmﬁ
{
| me Mo.: ...
| PO A
P - . e =
' i For Examiners” Use Only
Important: 3 e p '
ar the second paper i
| 1 % This question paper consisis of 16 pages. 2 |
% This question paper comprises of twe parts, i fart Question Nos. | Marks Awarded
Part A and Part B. The time allotied for 11 1
both perts is three hours. ‘1 2
g % Use of calculators is mot allowed. é A 3 B e
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! PART A — Structured Essay: i 4
: t
. {(pages2-8§) E 5
.i - ]
i Answer all the questions on this paper itself. 6
f Write your answers in the space provided 7
. Jor each question. Note thar the space B 8
! provided is_sufficient for your answers and 2 (A)
that extensive answers are not expected. % (B)
| | PART B — Essay: 10 i
{ pages 9 - 1§} 19 (B)
: This part contains six questions, of which, ! In numbers
Jour are to be answered. Use the papers
Total | I words
supplied for this purpose. |
| ¥ At the end of the time aliotted for this | |
H paper, lie the &we paorir fogeither so that i |
Part A is on lop of Part B before handing | : Code Numbers
them over to the Supervisor. !Marking Examiner 1
% You are permitted to remove only Part B I Marking Examiner 2
of the question paper from the Examination | Marks checked by L .
Hall. { Supervised by
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PART A — Stoctered Kesay write |
Answer ali four questions on this poper itself, in this
Conslder acceleration due to gravity, g = 10ms™) calumn
L. An experimental setup used in a school laboratory 1o determine the surface tension of a !
iguid is shown in figure (1),
- apillary tube
Stand :/~i’ointcr
.
“p——Liquid
Lab jack
i T SN (adjustable bench) !
: N |
[ S ;
Figure (1)
(@} (i) Figute (2) shows the enlarged |
 view of the vertica! cross section , L
of the capillary tube along the Wall of the
axis. Draw the meniscus of the A Cap:ila.ry
liquid inside the capillary tube Tube
and indicate the surface tension 7,
and the contact angle 6 between N .
the liguid and the glass surface
of the capillary tube in this figure. Figure (2)
(i) If the height of the liquici.. column in the capillary tube, the inmer radius of the
capillary tube, and the density of the liquid are A, r, and P, respectively, obtain
an expression for hpg in terms of 7, r, and 8,
(iil) Clearly writing the assumption made, show that the equation obtained in (ii) above
can be reduced to h = E--.
reg
A Y L] L LR R R Fasasmaa LA R R RN LR RN T LR 5
(iv) In order 10 satisfy the assumption mentioned in (iif) above for a given liquid, write
dowan the experimental procedure that should be followed in the correct order.
L - G J
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(v) Before takizig the maﬂiﬁgs required to determine the height h, what is the
to be made in the experimental setup shown in figure (1)?

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

(b) The following graph shows the experimental data (in ST units) obtained using
tubes with different radii to determine the surface tension of water.

(% 103
3‘[] - o

b eed e SRR ki Ol i (% 10%)
075 160 125 150 175 200 225 250 o7

() Considering the equation in (a)(iii) above, identify and write down
variable (x) and the dependent variabie (y) of the graph.

(if) Determine the surface tension of water using the graph and state the answer with

SI units. (Density of water is 1000 kg m™)

--------------------------- EEERY L RN T
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(i) What would happen to the capiilary rise if soap water is used instead
Briefly explain the snswer.
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|2, An incompleic diagran of an experimental setup to determine the thermal conductivity of a ;-:-1;5 '

metal by the Scarle’s method is shown below, ' column

;U'

i

(a) What are the purposes of inserting tubes £ and Q into the steam generator?

o

I I T R TR R I R reesnmans s

4 S e S . R £\ A YTy ol R D T

{£) Proper connections of steam and water suppiy to Searle’s apparatus are necessary to
obain the accurale result. Accordingly, sefect each connection and give reasons,

specific measurement taken by each of them.,

“instrument ] Measurement
() s, s nsanbehiix fius nngoks wprareanensabivins Easanseys
(1) IO R e S T S A YRS, o ]
L P TR e ne e suhan s

gradient,

(1) Steam supply (A of B) & v ' U
Reason: .......... o eiian s o o8 e AP LIPS RERRPRTNC I
(i) Water supply (L of M) § ooviiien i eas
Reason: ovvviiiiniiiiiiincnnine., EERda ittt ane ey S N L R X s

(¢) State three more measuring instruments needed in this experiment and briefly state the

(d) The separation between the thermometers 7, and T, is Ccm. If the constant temperature
readings of T, and T, are 73-8°C and 592 °C, respectively, calculate the temperature

s

Tvae naoe hus

e
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(e) Does this iemperature gra_diem vary along the rod? Briefly explain the answer.

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

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

() At thermal steady state, the difference in thermometer reacings of 7, and 7', is 9-5°C and

the fiow rate of water is 120 £ per minute, Calculate the rate of heat absorption by water.
(Specific heat capacity of water is 4200 fkg~ K-!)

M I L L L N IR .

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

(g) If the cross-sectional area of the rod is 120 cm?, caiculate

the thermal conductivity of the
metal and state the answer with S unit,

i e esuzevnsiae ettt et te s s eresanee s annes ST O
| () Ts it possible to use the Searie’s method to find thermal conductivity of a poor conductor?
| Briefly explain the answer,

i LEERE R Y] LR R R LELIL LI B R LR frEkasrrr s Frlcanasmmsnnnnnme LR I IR L
|

1

3. A standard spectrometer, a glass prism, and a monochromatic i
the refractive index of the giass.

{a) A few necessary adjustments are tc be done to the spectrometer before starting to take
measurements,

ght source are used to determine

(i) What is the adjustment that should be done to the evepiece?

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

(i3} Telescope is pointed to a distant object and it is adjusted unti} a clear image of
the object is formed on the cross wires. What is the purpose of this adjustment?

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

(iii) What is the adjustment that shouid be done to the slit of the collimator?
| . .
i (iv) The telescope is brought in line with the collimator. Then the collimaior is adjusted

uniil a sharp image of the slit is formed on the cross wires. What is the purpose
+ of this adjustment?
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(i) When the elescope is at position 7, the screw Q
is adjusted to obtain a symmetric image of the slit
on he cross wires. When the telescope is moved
to the position T, which screw should be adjusted
to get a symmetric image of the slit?

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

(1) A student stated that the levelling of the prism
table could casily be done using a spirit ievel. Is
this statement correct? Bricfly explain the answer,

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

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

(¢) When ihe telescope is at positions T, and T,, the readings of the spectrometer are 279° 58’
and 38° 02', respectively. Note that the telescope passes the zero of the main scaie when
it is moved from 7, to T,. Calculate the prism angle A. hY

() To determine the angle of deviation of a light ray by the given
glass prism, a student measured the incident and emergent angles

i, and 4,, respectively, as shown in figure (2). The graph shows
the variation of iy with 7,

iy (deprees)
A
B0 + e A e :
]! N T T T RTTHE
| m,l iF-j;!.éf:'U;ﬁ HillnEs W—i:zﬁ T
0- +1JTL{|";:“ [L i J{ﬂl } ijj g LH,
kst st R R T
- n . ! 4 '.._:'Ij..".' .F_ CHEAT g
M_ﬂi [HELH !:i i if‘;_i
i S
i RIS Flet ittt tin isaelth:
40 J SR L R
L TR B RS
30 fHE T T T BT RS
HEFR I TR T
20 LR L T ;?i}‘.
1

80 90 (degrees)

{i) Write down an expression for the angle of deviation 4, in terms of the prism angie

A, and the angies Il and .

T

(1) Determine the minimum argle of deviaiion D by using the graph,

ALI2019/01-E-TLHNEW) i a 1
Do not
. . wril
(4) In order to level the prism table, the prism is placed as shown in figure (1) and the ll:l'l;ﬂus
screws £, ¢, and R are adjusted. column
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() Calculate the refractive index of the glass that the prism-is made of, ;' . e
: ' s
. coluinn
]
4. Figure (1) shows an experimental setup iIE“ ' Q K,
{ of a potentiometer with a 4m long mk M 3 ]
wire, that can be used to determine e S !
| the internal resistance r of a given - 1m — i
ceil with electromotive force {emf) i 1O E
E (< Bp. ; :
: |

Figure (1)

o

(a} State twe possible gualities of a potentiometer wire that affect the accuracy of measurements.

I (&) Can the potentiometer shown in figure (1) be used as a voltimeter havin

g an adjustable
range? Give reasons for the answer.

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

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

(€) A siudent observed a small deflection of the galvanometer even when there is no current
passing through it. Is it acvisable to use this galvanometer for this experiment? Give
reasons for the answer.

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

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

(d) When the switch K, is open, iae balance length of the potentiometer wire is [,. When
K, is closed, the balance length is /. Obtain an expression for the internal resistance r

) of the given ceil in terms of |, Iy, and R.
‘I'-‘ lllllllllllll B
-

-
Isee page cieht



s . T PSS R

ALIZO19/01-E-LL(NEW) -8 - N
[ Do not |
(¢} With the given potentiometer, the balance lengih can be measured with a maximum error write
of I mm. If B = 8¢, ly = 72:4cm and [ = 50-i cm, caiculate the maximum value that :;l‘::n
could be obtained for the internal resistance r. te
.......................................................................... I
() Internal resistunce r can be determined more accurately by a graphical method. Considering
R as a variable resistor, rearrange the equation obtained in (d) to plot a suitable graph.
Write down the independent {x) and cependent (y) variabies of the graph.
L e hmasie S n e aay nrsrranresevaes
T R
(g} The potentiometer circuit shown in figure (1) + V.
can be modified by replacing the part of the !
circuit. marked X in figure (1), by the circuit S e
shown in figure (2). For this, the terminals §° 7" b [ Green # rep
and T° of the circuit shown in figure (2) are -y LED
comnecled respectively to points S and T of the &
potentiomerer circuit shown in figure (1),
(i) Assumne that the balance point is located
between A and B in the modified cirguit, Figure (2)
What is the colour of the Light Emitting Diode (LED) which is lit when the
sliding key is placed at A and &7
LA™ T O B W e S frrariEtaeaen . RAEI -
AR T S o ST P amteemmmsbansaans ssramunrasesanse ceamne ah e s ovaseast
(i) Briefly explain how the balance point coulcd be found using the modified circuit.
(iil) Stae two advantages of this modified circuit in finding the balance poini, when
compared with the circuit shown in figure (1),
o
.

——— )
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Answer four questions oniy.
| (Consider the acceleration due to gravity g = 1Om s_z)

B e

5

. (@) In electric power generators, the frequency of the output voltage depends on the number of magn

netic poles
# and the number of revolutions per minute N of the generator. The frequency f in Hz is given by
f=ExN

120
A portable generator consisting of two ma
(rpm).
Find the following:

gnetic poles typically works at 3000 vevolutions per minute

{i) The frequency of the output voltage of the generaior

(i) The rotational speed of the generator in radians per second (rad s') (Tuke = = 3)
| (b) A student has designed 2 model of a hydro-power plant by replacing the engine of the portabie generator|
5 mentioned in (@) above, with 2 turbine that can be rotated by a water flow. He observed that the
i frequency of the output voltage varies with the consumption of electricity even at a constant water|

flow. To contro! the frequency variation of the output, he designed a controlling device to adjust the

water flow to the trbine. Schematic diagram of the controlling device connecied to u throttle valve
is shown in figure (1).

Vertically
movable sleeve

Fivoted point
? (free to rotate)

—_Ef ]

Armss Flyball
Fixed

gpring
clamp

Rotating axle fi“:i o y \___ : —x“‘\ﬂ,
coupled to ower clamp | i <~
the turbine Throttls - L
<
* valve P

Watcr flow
Flow tube
Figure (1) =

Assume ail the joints in this device are free to move without friction. During the rotation, flybalis|
move horizontally and it makes the sleeve move up and down along the rotating axle. This device is
symmetric abeut the rotating axle. Cpening and clesing of the throttle valve is automatically controlled

by the rotational speed of the turbine. All the other parts of the device can be assumed to be massless
prrent tha fAvhalie
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(i) Draw the free body force diagram for a flyball assuming each arm connecied.to.it, is under !
tension. Consider the mass of a fiyball to be m. T

(i) if the angufar velocity of each fiybali about the rotationzl axle is w rad 5!, show that the

. . \ mif 2 \
tensions in the upper and lower arms are respectively given by -’%i(wz +-i§; ; and 5" (w —% }

Here [ is the length of each arm and 4 is the height to each fyball from the lower ciamp.
(iii) When the frequency of the output voitage is 50 Hz, the value of k is 30 cm. Show that the
contribution to the tension from the term ﬁ can be negiected,
(iv) f m = | kg and / = 50 cm, czlculate the tension in an upper arm,.

{v) When the frequency of the output voliage is 50 Hz, the contraction of the spring is 20 cm,
Determine the spring constang of the spring.

{¢) When the frequency of the output voliage is 50 Hz, the throtile valve
15 set 1o block 50% of the flow. That is, the vaive is making an angle

e —
of 45° with the axis of the flow tube as shown in figure (2). Assume |
that the closing of the throttle valve is proporiional to the angle of == -—-»1:::
the valve with the axis of the tube, s

-t

The frequency of the cutput voliage depends on the consumption of
clectricity. When the consumption increases, the output frequency

Figure (2)
decreases and vice versa,

(1) According 1o the design, when the frequency of the output voitage becomes 25 Hz, the throitie
valve will be fully opened. The valve will remain fully open even for frequencies lower than
25 Hz. Determine the following at the instant of fully opening the throttle valve. (Negiect the

. . [
coutribution from the term —j’;} |
(1} Tension of an upper arm

(2) Coniraction of the spring
(i} When the frequency of the output voltage

increases, the throtile valve closes gradually to decrease the
flow rawe, 1 the fl

OW is to be blocked by 75%, what should be the frequency of the ouipui voitage?

%. (@) (i) Draw the standing wave patterns of the fundamental mode and the first two overtones produced by
a vibrating stretehed string, in three separate diagrams. Mark the nodes as ‘A" and the antinodes {
as “A” in the diagrams. (Negiect enc comections.)

(i) Obtain an expression for the frequency [, of the 2™ harmonic in terms of n, T, {, and

n, where T
is the tension, / is the length, and m is the mass per unit length of the string.

(iit) For a given string, state two possible ways of changing the harmonic frequencies.

(5) A harp like musical instrument shown in figure (1) consists of 7 identical
stretched strings with different lengths. The longest string of length l,, produces
the musical note ‘C” (es, ew) with the fundamental frequency of 260 Hz. The
corresponding lengths of the strings which produce all the musical notes are
given in the table as fractions of L. '

Musical | & 5 i @ ® e Q = i
Nows | C | D I E|F! G| Al B
an il & w [ u & i)
1-? 100 | 0:89 I 079 | 070 | 067 | 059 ‘lo-sa
I - — Figure (1)
(i) If all the sirings are under the same tension, calculate the fundamental
B frequencies of musical notes ‘F'(&, ) and ‘B’ (5, )

(i) To obiain a correct musical note, the frequency can be fine tuned by adjusting the tension of the |
string. By what percentage should the tension of the ctrinc he adincted tn Ahanea thie facnn . |
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(¢} A student designs and builds a set of phnpipes to produce mﬂsical notes  f—t—F L
given in the above tabie, by using narrow PVC pipes with different |

lengths as shown in figure (2). Lower znd of all the pipes are closed :

!

i

with corks. s

(1) Draw the standing wave paiterns of the fundemental mode and the urh
first two overtones procuced by a one end closed pipe of lengih L, in -
three separate diagrams. Mark the nodes as ‘N and the antinodes as
‘A’ in the diagram. (Negiect end corrections.) Rt

(il) Calculate the required lengths of the pipes in cm, which produce the
musical notes ‘C'(£3, ew) and ‘B’ (&3, §)). Assume that the velocity
of sound in air at room temperaturc is 340 m s,

s s o o e i At

Cark—""" "

it

Figure (2)

ey [ —

{tif) The longest pipe is found to be producing a frequency of 255 Hz instead
of 260 Hz. By what distance should the cork be moved to obtain the frequency of 260 Haz,

If the cork fell completely out of a pipe, what would happen to the fundamental frequency produced
by the pipe? Jusiify the answer with a suitable diagram.

vy

When an object is falling through a viscous medium, it is subjected to the buoyant force and the drag
force. The buoyant force pushes the object upward while the drag force acts against the motion of the
object with respect to the medium.

(@) The drag force for 2 solid spherical object falling in a liquid medium can be expressed by the Stokes’
Law, :

(i) Write down the Stokes’ formula for a soiid spherical object and name the pammeters,
(1) Write down two assumptions that are used in deriving the Stokes’ formula.

Corsider an air bubble rising gradually upward in a viscous fluid. Stokes’ Law can be applied to determine the
time taken by an air bubble to reach the surface of the fluid. Neglecting the effect of ihe pressure change with
height, the instantaneous velocity ¥(¢) of an air bubble in a viscous medivm at a given time 7 can be given by

V() = VT(E - e_?]. where V.. and v are the terminal velocity and the relaxation time of the motion
of the air bubble, respectively.

(i} If the relaxation time for the motion of an air bubble in a viscous medium is 4 ps. calculate the
time it takes for the instantaneous velocity to be 50% of V, from the rest (Take InG-5=~0-7)

(ii) Calculate the time taken by the air bubble tc increase the instantaneous velocity from 50% 1o
HN% of V,. (Tzke in0-1=-2-3)

(iii) Considering the answers obtained in (b)(i) and (5){ii) above, plot the variation of the instantaneous
velocity of the air bubble 2s a function of time. Clearly indicate V. on the graph.

(¢) Consider an air bubble rising from the bottom of an cil tank which is filled uptc 10 m height.

(i) Obtain 2n expression for the resultant force acting on the air bubble in terms of %, £, £, a
and v, where 71 is the coefficient of viscosity of oil, £ is the density of the oil, P, i5 the
density of air, a is the radius of the air bubble, and v is the velocity of the air bubble.

(if) It is given that % = 75%102 Pa s, £, = 900 kg m™, £, = 1'225 kg m™, and the average

radius of an air bubble a = ¢-1 mm. Neglecting the weight of the air bubble, and the effect due
.o the variation of pressure with height, calculate the terminai velocity of the air bubble.

£l

(iii} Calculate the radius of the air butble just below the surface of the oil, if the interna! pressure
of the bubble is 100-33 kPa, atmospheric pressure is 100 kPa, and the surface tension of oil is
2:0% 102 Nm™.

(1v) Considering the change in radius of the air bubble with keight, sketch the variation of ils instantaceous
velocity with time.
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AB al a point with a perpendicular distance o away from this wire, is given by %?%:
JC
(i) A current ¢ flows through a flat circular coil of radius R with N number of turns as shown
in figuee (1), Obtain an expression for the magnilude of the magretic fiux density 5 at
the centre of the coil, .
(iii) Two such coils are placed coaxially with a separation R as shown in figure 2(a). The
current [ flows through both coils in the same direction, Figure 2(b) shows the vertical
cross section of the coils through the common axis.

O~
@

- R o o o m m

Figure 2(a) Figure 2(b)

i
Copy the figure 2(b) onto the answer seript and draw the magnetic field lines to iliustrate the magnetic |
field due 10 both coils. :

t  {b) The apparatuy shown in figure (3) can be uscd to determine the charge to mass ratio [-E..) of an

[
clectron, The vacuum tube has 2 filament cathode €, elecirodes A, and A,, and a vertical fluorescent

seeeen S with grid lines. The path of the electron beam can be seen on the fluorescent screen.

Vacuum tu -—--'-—--—--o/‘:h""—"'"——[

Fluorescent screen §

N J':fm : 2 i -
~500V _as0v Figure (3) 1 |

(i) The function of the clectrode A, is to control the intensity of the electron bsz.m.i What is the
function of the electrode Ay?

(i) If a negative voltage (~V) is applied to electrode A, oblain an expression
for the speed of an eleciron traveiling through the electrode A,. (Charge
of an eleciron is ~e and mass of an electron is m,.)

(i) The spherical part of the tube is placed between two flat circular coiis
carrying the same current as shown in figure (4). Thereby a uniform
magnetic field & is applied perpendicularly o the screen S. This makes
the electrons move in a circular path.

If the radius of the path of the electron beam is r, obtain an expression

N Circular coiis —
of the clectron.

o
for the ratic l?:?l
rad

ol - an

Ly Gy {0y A current £ Sows through a thin wire of very small length Al Show that the magnetic flux density -
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9. Auwswer either part (A) or part (B) only.

(¢) A de voltage can be applied between two paraliel rﬁetal plates

P and Q are separated by a distance d as shown in figure (4). While the magnetic field B ix applied, the

potential difference between the plates './PQ can be adjusted until there is no defleciion of the elociran beam.

This process can be utilized as an alternalive way to determine the speed of the slectrons. ;

(1) Draw the electric and magnetic forces acting on an electron within the plates P and Q. after the
above adjustment is done.

(ii) Obtain an expressicn for the speed of the electrons in terms of d, B and Vra'

(iii) When B = 1 mT and VPQ = 0, the radius of the paih of the electrons is 6 cm. When
Vpp = 840 V, there is no deflection of the electron beam. The separation between the plates P

and 2 is 8 cm.

Calculate

(1) the speed of an electron, and

(2) the charge to mass ratio (};:e_) of an electron.

[

FPart (A)

(@) The electromotive force (emf) of an electric source
charge. Using this definition;
(i) determine the units of emf.

is defined as the work done by the source on a unit

(ii) obtain an expression for the power generated by a source in fterms of its emf

£ and thc current
i flowing through it.

(b) A source of emf E and internal resistance 7 is connecled to an _h®H£'adlam;)ﬁ
external resistor with resistance R. Obtain an expression for I_/ -
the total energy dissipated in the circuit in time ¢, in terms of S 7]
E,r, R, and 1. @L.
v
(c) Consider an electrochemical battery of a car that powers Starter Motor
the starter motor and the headlamps as shown in the circuit ; R :
of figure (1). Rated power of each headlamp is 60 W, The s, _@_ o
internal resistance of the vattery is 0-03 Q. Consider that i
the ammeter behaves as an ideal ammeter. - L
When only the headiamps are turned on (S, is closed) without “%_ngeﬂ“:\:{“ .
starting the car (S, is open), the volimeter shows a value | :" - i
of 1220 V. P! '
(1) What is the reading of the ammeter? Loy =000 |
(ii) What is the resistance of a headiamp? e e e }
(iii) Calculate the emf of the battery. Figure (1)

(d) When the starter motor is just tarned on (S, is just closed) while the headlamps are ON, the ammeter
shows a value of &80 A. Calculate,

(i) the current through the starter motor, and
(ii) the resistance of the starter motor.

(¢) When the armature of the starter motor is rotating while the headlamps are ON, the current through the
starter miotor is 342 A and the voltmeter reading is 11-0 V,

Caiculate,
() the back emf, and |
(i1) the efficiency of the starter motor, at this instant.

(f) Skeich the variation of the back emf £, of the motor with the current flowing through it

P and Q as shown in figure (3). The plates]
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(g) The baitery discharged considerably because the driver parked the car without turning off the headlamps
on a cerain night. As a result, emf of the battery dropped to 10-8 V and its internal resistance increased

to (-24 €. The current through the starter motor was not sufficient to rotate it due to the discharge of |

the battery. Find the current through the starter motor at this instance. '

(A1) 1In the situation mentioned in (g) above, the driver used an external battery with an emf 12'3 V and an internal |

resistance (-02 £2 to jump start the car. For this, the external battery was connected to the discharged battery
using two jumper cables, each having a resistance of 0-015 © and the car was then started.

(i) Draw the circuit diagram showing the connections to the external battery with the discharged
battery, when jump starting the car.

(ii) Caleulate the maximuom current through the starter motor when sianting the engine.

Part (B)

. - Vpp(+2 V
(@) (i) Why Field Effcct Transistors (FET) are called unipolar op(+? V)
devices? What are the charge carriers coniributing to the
- operation of FETs?

(i1} State why FETS arc also known as voltage-controlled devices.
(ill) Caiculawe the drain current I, and the Gate-Source voliage
V... Tor the circuit shown in figure (1), assuming V=3V

Figure (1)
{6y In the Op-amp circuit shown in figure (2), each electrosiechanica! swiich S, (i =0, .:.,'2,'3) is operated
by appiying an electrical signal D, (i =20, 1,2, 3) which can be ‘High' (5V) or ‘Low’ (0V ). When
£ s *High’ the respective switch S; will be closed and otherwise, it will be open.

-5 ‘V
- |
S, .
i b o ég::: r ) 8R
.
1
= 208 ] I
-8
. 40R
1—* A
¢ .
D3 ‘DZ D'l Dﬂ e =
Figure (2)

(i) When J_’;‘-‘g is “High', find the current through the resistor 10R in terms of R. :
(i) If a set of voltages (5V, OV, 5V, 5V) is applied simultaneously to operate the swiiches 83 S5,
Si, Sy Tespectively, calculate the current | indicated in figure (2) in terms of R.
(iii) Calculate the ontput voltage V, when a set of voltages (

SV, 5V, 5V, 5V) is applied simultaneousty
io operate the switches 83 S, 8, 8, Tespectively.

I

{
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(c) A cash operated snack dispenser will provide a pack of ‘Marie’ or ‘Chocolase Cream’ biscuits unier

Vi
1
the following conditions. '

[

The correct amount of cash is inserted (7) : E
‘Marie’ (M) or ‘Chocolaie Cream’ (C) is selected

If “Marie’ is seiected, ‘Availability of Marie’ in the dispenser (X)
o If ‘Chocolate Cream’ is selected, *Availabi
(i) Obtain the logic expression

lity of Chocolate Cream’ iv the dispenser (})
for the conditions under which a pack of biscuits may be obtained.
(i} Show how this may be implemented using logic gates.

i0. Amswer either part (4) or part (B) omiy.
Part (A)

{a) (i) State the Boyle’s law and the Charles’ law.
(i) Derive ihe idea! gas equation using the above laws.
(b) A deflated tyre of volume V and initial pressure P, at room temperature T, is connected to a compressed
nitrogen (N,) gas tank via a valve, The tyre initially contains only N, gas. After inflating the tyre with
N, gas, its final pressure is P and it contains a total of n number of N, moles. Assume that there is
no change in volume of the tyre.

(i) Assu_-"ning that the N, gas inside the tyre behaves like an idezl gas, show that the number of moles of

7
N, gas pumped into the tyre is ﬂ(i —-;3-]

(if) Obtain an expression for the work done to inflate the tyre with N

, BOS.
(ili) Assuming that the pumping process of N, gas is adiabatic, sho

w that the change in the temperature

¥
of the N, gas inside the tyre is % {l -f;g-] Tg - The change in internal energy of an ideal gas is given

by AU =n C, AT, where C,,is the molar heat capacity at constant volume and AT is t!

e change in
temperature. The molar heat capacity ai constant volume of a diatomic ideal gas is ::.2.’?. where R is the
universal gas constant.

(iv) This change in temperature, increases the pressure temporarily to a higher value. Show that this change
H are s 2(p_ p
in pressure is £ (P~ F)).

(c) Gauge pressure is the pressure measured relative to atmospheric pressure. Gauge pressure of a tyre is
usually expressed in psi (pound per square inch) units. (fatm = 100kPa and 1 psie7kPa)
A deflated tyre at 20 psi pressure is pumped further with N, gas to a pressure of 30 psi at room
temperature (27° C).
(i) Calcuiate the change in temperature of N, gas in the tyre.
{{i) Calculate the maximum pressure in the tyre due to this change in temperature.
(ifi) Usuaily this temporary increase in pressure is not observable when pumping N, gas further to a defiated

tyre. Give two possible reasons for not observing the increase in pressure,

Part (B)

Read the following passage and answer the questions.

Radioactivity is a spontaneous decay process by which an unstable nucleus becomes a stable nucieus by

emitting radiation. Decay rate is directly proporiional to the number of radioactive atoms present at that
instant but independeni of external physical conditions.

Radicactive iodine '*'l is used in nuclear medicine to treat patients with thyroid cancer. The haif-life time
of B is & days. It decays to steble "*'Xe initially by emitting a §~ particle and then by emitting a
y-phoion. The maximum tissue penetration length of this £~ is 2 mm. Usually '3 is adminisiered to
patients as sodium icdide (Na*'l) in the form of a capsule. Once administered, it is absorbed into the
blood stream and concentrated in the thyroid gland. Radiation emitted from '*!I kills most of the cancer

cells in the thyroid gland.
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tince the patient beeomes a potential source of radiation, precautions must be taken to minimize the
radiation exposure to others around. The amount of radiation emitted by the patient is proportional to t‘nﬁc
aclivity of the dose administered. In medical practice, the common unit used for activity is Curie (Ci)
which is not an SI unit. One Curie is equal to 37 x 10° disintegrations per second.

A radioactive maierial inside the body, diminishes not only by radicactive decay but also by biological
clearance. This clevrance is purely a biologicai process and foilows an exponentia! varistion, characterized
by the decay constunt A,. Hence the effective decay constant ..1‘:, due to both radioactive decay and
biological clearance can be stated as A, = 4+ 2.,» where .lf is the decay constant corresponding to
physical radioactive decay, The effective half-fife time, which is used for radiation protection measures, |
is calculated from the effective decay constant.

(er) (i) State twe differences between the emissions of B and y. '

(i) Rewrite the following deeay equation repiacing a, b, and ¢ with correct numbers.

£31 o 13 bg-
sl Xe 4+ (B

(b) A fresh sample of Na'*'l, having an activity of 100 mCi is received by a hospital, The sample is stored
in a lead cortainer at room temperature,

(i) What is the SI unit used for activity?
(i) Write down an expression for the decay constant A in terms of half-life time T

(it} Calenlate the activity of the above sample after 4 days and express the answer in SI units.
(Take In 2 = 07 and €9 = 07

(iv} Hence, express the change in activity as a percentage.

(v} Is it possible o reduce the activity of the Na'*i sample if it is stored at 0°C instead of storing at
room ivmperature? Explain the answer.

() A small amownt of Na''l sample having an activity of 100 mCi is administered to 2 thvroid patient.

(i} When dealing with such a patient, for which mode of emission, the radiation protectionn measures
shiould b 1aken? Explain the answer,

i
(ii) Show that the cffective half-life time T, of 11 in thyroid giand can be given by —%- 'i‘L* T'- R
- T e S : N b
where ¢ and 7, are the haif-life times due to radicactive decay and biological c!carafmm m':pcctwely.
iy it m;: biotogical hali-life time of "] in thyroid gland is 24 days, calculate the effective half-lifs time
af M (in days).

t7v) Calculore the percentage change in the activity after 4 days of administration of 3],

(Take-¢ 7% = 0-63)
{¥) According to radiation protection regulations, '] treated patients can be discharged from the hospital

when the activity is below or equal to 50 mCi. If this reguiation is foliowed, how long the above
"I treated patient has to be kept in isolation in the hospital before discharging?

# e




