2.13. Expected answers and the scheme of marking for question paper I

Scheme of Marking for Paper I
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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 regarding answering the paper II are based on graphs 2, 3,4.1,4.2
and 4.3.

Part A - Structured Essay

1. When certain objects are packed in comtainers they do not
occupy the entire volume of the container. This occurs due to
the shape of the objects, and under such situations a fraction of
the comtainer volume is always empty and filled with air. 8r
Consider a container in the form of a cubical box of side length [~ h
8r, which is fully packed with identical solid spheres of radius r
in a regular manner as shown in figure (1). This is called regular

packing.
(@) Find the number of spheres packed in the container.

5 OSSN (01) N

A
(b} Obtain an expression for the total material volume of all €— 3 -
spheres packed in the container in terms of r and 7. ;'lgurc 1)
(4_ ms) x64 OR 256 3 (01)
3 3

(c) When the container is completely filled with spheres, the ratio,

Total material volume of the sphercs in the container
Volume of the fully packed container

s is called the packing fraction (j; )
of the spheres and the volume of the fully packed container is called the packed volume.
Find the packing fraction, fp, for the above regular packing.
256

3
51243

L=

= 5 R e (1)

(d) If m is the total mass of the spheres in the container, derive an expression for the ratio:

Total mass of the spheres
Volume of the fully packed container

, in terms of m and r.

This ratio is called the bulk density (d,) of the spheres.

m
R (01)

T o512
(No marks for writing 8’ instead of 512)

G.C.E(A L) Evaluation Report Physics 2016
- 27 -



'L,

www.alpanthiya.lk

AL sl
(e) Write down an expression for the density (d,,) of the material of the spheres in terms of m, r and .
m
d = = 3m
M 256 : 256 J'[F3 ............................................................... (01)
3

() A student has decided to find the parameters £+ dy and d,, for green gram
using an experimental method. In this case green gram is packed in a random
manner and it is called random packing. See figure (2). The definitions
mentioned in part (¢}, {(d) and (¢) for j;, . dB and d,u are valid for random
packing of items of any shape too.

First he inserted dry green gram into a measuring cylinder and obtained a
packed volume of 50 cm® of green gram as shown in figure (2).

Then he measured the mass of the packed volume 50 cm® sample of green gram
and it was found to be 3.8 x 107 kg.

Figure (2)

Subsequently he introduced the green gram sample into a measuring

cylinder containing 50 cm® of water and found that the water level raised to | 82 cm?
82 cm® mark. See figure (3). LT cm

(i) What is the material volume of green gram? =Zz

Material volume of green gram = 32 cm® = 3.2 x 10°m’® - - ==

- 50 cm?®
............................................................... (01) "
(ii) Calculate the packing fraction {fp) of green gram. ¥
Packing fraction of green gram ‘;; = % Figure (3)
of = 0.64 i (ﬂl)
(iii} Calculate the bulk density (d,) of green gram in kg m™>.
Bulk density of green gram 4, - 3.8x107 3
’ 50 10% "&™m
= 76x10° kgm? oo (01)
(iv) Calculate the density (d,) of material of green gram in kg m™.
-3
Material density of green gram d,, = 38x 10~ kg m~?
32x 10
- 1.187x10° kgm-
(118 x10° = 1.19x 10° ) remeerecererereen (01)

(g) A polythene bag is to be designed to pack 1 kg of green gram. Calculate the minimum volume of
the bag needed.

Minimum Volume of the bag % OR % x 1000 cm? = 1315cm’ = 1315 x 107 m’

B

(131x 107 M= 1.32x 10 m? ) coovererrreere (01)
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2. You are asked 10 determine the dew point of air in the laboratory experimentally, and determine its
refative humidity.

(a) Write down an expression for the relative humidity (RH) in terms of saturated vapour pressures.

RH - Saturated (water) vapour pressure at dew point % 100 o (01)

Saturated (water) vapour pressure at room temperature

(b) In addition to a polished calorimeter with a lid and a stirrer, what other items would you require
to carry out this experiment?

Thermomrter (0 - 50 C°), Water, (beaker of) ice pieces,
[Glass plate, two stands, piece of blotting paper]

(All three underlined items correct) SRR (|} §

(c) Write down two factors that need to pay attention before starting the experiment in order to
obtain a final result with better accuracy, and state experimental precautions that you would take
to minimize them.

Factors Experimental Precautions
(1) | Exhale air altering the moisture Keeping a glass plate to block the exhaled
level around the calorimeter air OR wearing amask ... (01)
(2) | Fans, winds. air conditioners Switch off fans, close windows and air
disturbing the dew formation on the | conditioners
surface of the calorimeter e (01)

(d) Small pieces of ice are used for this experiment. Give reasons for this.

Lowering or raising of the temperature of water can be done slowly or in a controlled
manner, OR Formation or dissappearance of dew can be observed well, OR Dew point
can be measured accurately OR Dew point can be noted accurately, OR Temperature at

which dew appears can be recorded accurately ... (01)

(e) What practical difficulties would you face if several pieces of ice are added to water at a time?

It is not possible to observe the disappearance of dew as a thin layer of water is

formed on the surface of the calorimeter .. (1)

(f) Exactly at what instants do you take the readings in this experiment?

At the instants when dew just begins to apper and disapper, OR when the shine

begins to disappear and aPPEar. ... emesem s esssssssssssseeseseeesees (Q1)
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(g) What is the reason for using the calorimeter with a lid in this experiment?
It will prevent spilling of cold and saturated air present inside the calorimeter and
interfering with the dew formation. SE— | ) §
(k) What is the other reading that you should take in this experiment?

Room temperature SES—— () §

(i) When the temperature of a certain laboratory was 28 °C, its dew point was found to be 24 °C.
Using the following table, determine the relative humidity of the laboratory.

Temperature (°C) 20 22 24 26 28 30 32
Saturated water vapour
pressure (mmHg) 1753 | 1983 | 2238 | 2520 | 2835 | 31.82 | 3566
Relative humidity = 2233 x 100
2835
= 796
(78.9% — 7900) oo (01)
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. Figure shows an alternative apparatus to find the speed of sound in air using a resonance tube with one
end closed. The principle of this apparatus is similar to the principle of the apparatus normally used in
the school laboratory. The resonance tube in this apparatus is a glass tube with a calibrated scale. The
walter level in the resonance tube is raised and lowered by raising and lowering of a water reservoir X
which is connected to the resonance tube with a flexible rubber tube.

—C N

Glass
tube

Water
reservoir

H " H
Al U LR B L

(@) What type of wave is formed inside the tube at resonance?
Standing wave OR Stationary wave = e (01)
(b) You are given a tuning fork of known frequency f and asked to obtain the resonant lengths
i, and [, corresponding to the fundamental note and the first overtone respectively.

(i) Draw the wave patterns for the two modes of vibrations, and mark the lengths [, I, end
correction e, Nodes (N) and Anti-nodes (AN).
(You are expected to draw the tube for the first overtone).

N {, e
. ». AN
Fundamental note: < /'
!
< . >

To draw both wave patterns (look for the length of overtone approximately
three times) s (01)
If all the labelling are correct (at least in one diagram)

(Instead of AN, A can also be accepted) = e (01)
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(ii) (1) If A is the wavelength corresponding to the fundamental note, write down an expression .54
for 1 in terms of, i, and e. '3
A=Al +€) e (01) E‘
i
(2) Write down a similar expression for the wave length corresponding to the first overtone g
4 i
A== (h+e) (01) <
3
(3) If v is the speed of sound in air, derive an expression for v in terms of the known
and measured quantities.
A
/ ‘!c}:E , = v=fA

(¢} Before taking the measvrement for l,, the water level in the resonance tube has to be raised
upto the top. Explain the reason for this,

To detect the fundamental note without missing it. OR to get the fundamental note
first.

(d) Write down two major differences in the experimental procedure when using the apparatus given
in the question compared to the method adapted when using apparatus generally available in
school laboratory.

(1) Tubeis fixed (or water level movable) .o (01)
(2) Measuring scale 1s fixed (or calibrated tube) OR does not need a metre ruler.
(Both correct)  .vceceeeereeeeeieens. (01)

(e) At room temperature (28 °C), when a 512 Hz tuning fork is used, the corresponding lengths o
the resonance for fundamental note and the first overtone are found to be 15.5 cm and 505 cir
respectively.

Calculate the speed of sound in air at room temperature,

v=2x512(505-155)x10* ms” = v=3584ms"

Correct substitution  .....ccccceerceeeevvererennee. (01)

Final answer SR (1) §
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4. The given circuit can be used in a school laboratory to experimentally ) X

determine the em.f. (F), and the internal resistance (r) of a dry ' '_M'w_:_
cell X using a graphical method. V| E '

The experimental procedure consists of measuring the potential S >, '_________ X
difference V across the terminals of the cell for different values T V)
of I using a voltmeter with very high internal resistance. I e

{a) Write down an expression for V in terms of /, E, and r.

A o R (01) }M:
R

(b) (i) Name the variable resistor that is available in the school laboratory, which could be used
for this experiment.

Rheostat
(No marks for resistance BOX) ....cccceecceecieeeieesieeseeeeecencecneemecseeesmnesnessmnsseesssneeses (1)

(ii) The key S should be used properly to obtain expected results from this experiment.
(1) What is the type of key that is most suitable to be used as S?
Tap key OR drawing a diagram to show atapkey ........ccccecereiinrccneccenee (01)

(2} What is the experimental procedure you adapt when operating the key?

Vary R while keeping S open and close the key momentarily when observing or
taking the Jand I/ readings. ..........ccooiiiiiiniininceeceenccceeeeeeeeees. (01)

(iii) How do you confirm experimentally that the cell has not run down while carrying out the
experiment?

After taking the final reading go back to the first reading and check its value again
to see 1 1t 1S dIFErent. ......ocooeeiiiiiiiieiiieeiee e e eneseceene. (D)

(c) A graph of V against I plotted using a set of data obtained from such an experiment is shown
below.

Vi{Volis)

1.554—

1. 50+

145

Laoi4---

13511

-4
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(i) Use the graph 1o find the following.
(1) Internal resistance, r of the cell.
. 124 -144
Gradient of the graph = 052-012
= (2)05Q (01)

(Select two points which are far apart)

{2) Emf, E of the cell.
Intercept = E = 15V e (01)

When giving the mark look for the extension in the graph to determine the

intercepts OR using one point from the graph and substituting it into the

equation and finding E.

(ii) Use the values obtained under (c)(i) and the expression obtained under (a) to deduce the
current (f;) through the cell if it is short circuited.

Using V = E - IR and taking V as zero when the cell is short circuited
E=1I,r OR

= 30A

(d) A supply voltage in the range, 8.6 V - 9.0 V will have to be applied 1o operale a certain electronic
item properly. The resistance across the supply voltage terminals of the electronic item is 30 Q.
Suppose you have a choice of sclecting a single dry cell battery having E =9 V and r = 10Q
or a combination of six dry cell batteries each having £ = 1.5 V and r = 0.2 Q and connected
in series, for the operation of the above electronic item. Using the data given in this part, explain
how you would sclect a proper battery.

When the dry cell battery having £= 9V and r = 10 Q is connected, the terminal

9

voltage (V) across the electronic device is given by V = ————
30 +10

)x 30=6.75V

When six 1.5V dry cell batteries having E=9V and r= 0.2 x 6% are connected,
the terminal voltage (V) across the electronic device is given by V = 30 + 12 x 30
= 8.65V, Therefore, only six 1.5V dry cell batteries can provide a voltage greater

than 8.5 V.

Correct substitution for any of the voltage calculation ......coccoiiiveiesiisiecenccenn. (01)
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If both calculated voltage values are correct and correct argument  .........cccceeeeceneeee. (01)

Alternative method :

Instead of calculating the potential differences across the device one can argue in terms

of current

Conversion of voltage range (8.6 V — 9.0 V) to corresponding current range
(0287A-030A) corererssnssisncisesssnenn (01)

Calculation of current from each dry cell and for correct argument .............cccceeeceeee (01)

e
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3
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Part B - Essay

|5. A particle of mass m, is fixed to the rim of a horizontal ring of radius »
and negligible mass as shown in figure (1). POQ is a vertical axis passing
through the centre O of the ring.
() (i) Write down an expression for the moment of inertia I, of the
particle about the vertical axis POQ in terms of m, and r.

(ii) Another particle of mass m, is now fixed to the rim of the ring
which is diametricaily opposite to m,, and the system is rotated
about the axis POQ with a constant angular speed w. If I, is

the moment of inertia of mass m, about the axis POQ, write down an expression for the total

rotational kinetic energy (E) of the system.

(iii) If [, represents the total moment of inertia of the above system in (a) (ii) about the axis POQ, using the

expression obtained in (a)(ii) show that I=1 +1,.

A}_ﬁf"u

'

—

o

1P Ib
| £
=

m ®

i)

: g
1g Fgure (1) E

(b) Instead of m, and m,, 10 identical particles, each of mass m, are now fixed to the rim of the ring with equal
spacing. If I is the moment of inertia of a particle about the vertical axis POQ, write down an expression

for total moment of inertia (;) of the system about the vertical axis POQ.

(c) Now, the ring described in (b) above is fixed onto an axle of
negligible moment of inertia and coinciding with the vertical axis
POQ using symmetrically fixed spokes of negligible mass as shown
in the figure (2). The system is then started rotaling from rest at
time ¢ = 0 in a horizontal planc about the axis POQ with a constant
angular acceleration o and reached a constant angular speed .

(i) (1) Obtain an expression for the time ¢ taken by the system
to reach the constant angular speed w.

(2) How many revolutions have been made by the systemt when it reaches the constant angular

speed w?

Figure {2)

(ii) Write down an expression for the centripetal force (F) acting on one particle when it is rotating

about the axis POQ with a constant angular speed w.

(@) The structure of the merry-go-round shown in figure (3) which is at
rest is similar to the structure of the system described in (c) above.
However, instead of fixed masses m, the system has 10 chairs occupied
by riders and hung by chains of negligible mass. The moment of inertia
of the merry-go-round, without riders and chairs, about the axis POQ
is 32 000 kg m?.

Consider a situation where the merry-go-round is rotating about the
axis POQ with a censtant angular speed of 12 revolutions per minute
with all the chairs being occupied by riders. When the merry-go-round

(i) If the riders are of mass 70 kg each and the chairs are of 20 kg each,
calculate the total moment of inertia of the system about the axis POQ.
When calculating the moment of inertia assume that the total mass of
the rider and his chair is concentrated at a horizontal distance of
10 m from the axis POQ.

(ii) Calculate the vatue of 6.
(iii) What is the total rotational kinetic energy of the system?

Figure (3)
rotates, all the chains are inclined to the vertical by an angle 6, and figure (4) shows the situation with
respect to one rider.

Use & = 3 for relevant calculations.

o

R L T —y——

10 m
Figure (4)

3

o
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(a) (i) Moment of inertia of the particle about the vertical axis PO, ~
—
FLo I s iess s chivan i s nbus s st st st s e s oo e e e ke i (01) g
(i1) Total rotational kinetic energy of the system, L
N =
E=Lliw+ Liw or =
2 2
£
E:LHII!‘ZQ)Z+LPHITZ(HZ ........................................................................ (‘]l) :ﬁ.
2 2
(iii) %Ioafz %Ilaf+ %Izaﬁ ........................................................................ (01) E
w I, = I+ I

(b) (1) Total moment of inertia of the system about the vertical axis POQ.

I = I]+ !2 ST |

10

- 1{}1!.1!:}*2 O L I N (01)

(c) (1) (1) For a system rotating with constant angular acceleration a, the relation
between initial and final angular speeds is
w,= @, + a

w = 0+ at
w=0+an

PR R O NS e . A (01)

(2) Total angle # through which the system rotated is given by,

2
o = @, +2a0 OR 6= ot + é_am‘z cereemreennnse s snee s nnseennesnsenneens (01)

g =
2a
Number of revolutions made by the system when it reaches angular speed w = 2£
T
o’
S i et e A4 a4 80 S R i £ 44 8444 4R A8 4 M R A 1
dna o1
(1)  Centripetal force acting on one particle F = M@ .ocoiciiiiiiiniiiniiniieiens (01)

(d) (1) The moment of inertia of the system about the axis POQ

32,000 + (70 + 20) x 10*>x 10 (01)

122,000 kg m? (01
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(i1) Take the mass of a chair with the passenger as m, then,

Tcos & = mg
Tsin 8 = ma
(Either of the above equation) ..........cccceeeeveean.
= ma’‘r
tan & = ﬁ
8
12 %27 ; y 10 (Correct substitution)
= | “5— T T
= 1.44
O = 55° (55°=13") s

(if 7 = 3.14 then tan # = 1.58 and & = 57° (57° - 57° 40"))

(11) Total rotational kinetic energy of the system = % Ia?

(if 7 =3.14 then 96220 J (96220 J - 96230 I))

.é_x 122,000 x 1.44

87840 J (87840 J - 878501J)

......... (o1)

&
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6. The effective focal length of the cornea and the cye-lens can be considered as the focal
length of an eye. The muscles controlling the curvature of the lens permit the eye to focus
on the retina light from objects at different distances from the eye. The figure shows a
simplified diagram of thc eye with an eye-lens of effective focal length. When the eye
muscles are relaxed the focal length of a healthy eye of a child is about 2.5 ¢m. The near
point of his eye is at a distance of 25 cm.

(Copy the diagram given in the figure and use it when drawing ray diagrams.)

(@) Draw a ray diagram for the situation where light from a far away object is focused onto the retina of
the eye of the child with healthy eye when his eye muscles are relaxed. What is the distance between
the eye-lens and the retina?

(b) Draw a ray diagram for a situation where a point source of light is placed at the near point, is clearly
seen by the child with healthy eye. Calculate the focal length of the eye at this instant.

(¢) Another child has the focal length equal to that of the healthy child when the eye muscles are relaxed and
also has the focal length calculated for the situation in (b). However, the position of his retina is located
0.2 cm behind the position of the retina of the healthy child.

(i) Using the image produced by a point source of light as mentioned in (b) above, indicate his near
point and far point by drawing two separate ray diagrams. Calculate the distances from the eye-lens
to the near point and to the far point of this child.

(ii) Sketch a ray diagram illustrating as to how the required cormection can be done using a suitable
lens. Calculate the focal length of the corrective lens needed.

{(d) When a person becomes older the ability to change the focal length of eyes gets weaker and the distance
to the near point of the eye increases. If the child mentioned in part (c) above would face such a situation,
what is the type of additional corrective lens that the child should wear (convergent/divergent)? Give reasons
for your answer.

(a)
Drawing the correct ray diagram ......cccoecieeimniine e s e (01)
(Look for two parallel lines with arrows to the point image at the retina)
(The distance between the eye lens and the retina= 2.5 cm cerreneinraneasnsnenaeass (01)
(b)

Drawing the correct ray diagram ........ccoeennnceniennn. (01)
(Look for two lines with arrows from a point source to the point image at the retina)
Let fbe the focal length, then

L)
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1 1 1 T

—_ = = = 25 sV= —2.5

. ” 7 (u cm:v cm) ﬁ

1 1 = 1 (Correct SUbSHIULION) «.ovvierinieessncsisncnisrssannsasensaseas (01) gn

-25 25 f o

S

f = =2273cm OR 2273 €M .coiiiiiiiiiiinet ettt (01) g

(227 cm -230cm)
ol

(a) Far point (b) Near point

Drawing the correct ray diagram for an object at the far point ... (01)

(Look for two lines with arrows from a point source to the point image at the retina)

Drawing the correct ray diagram for an object at the near point ..............ccccveveneee (01)

(Look for two lines with arrows from a point source to the point image at the retina)

Calculation of the distance to the farpoint : f = - 25cm, v = -27cm, u =?

_ ,2_1_:?, - —:!- = _ ~21—§ (Correct SUDSHIULION) ....cc.iieieeiiieaeceiaieeceiineaeecrmvaeasasaens (01)
B = 33 75CM i iiiimasecescissanns Tamsamees son sasassosashi as sossam as s0ss sasamss sts sssussssas (01)
Calculation of the distance to near point: f = —2273cm, v = -27cm, u =7
L-1_ L (Correct SUbSHIULON) .o.coiviveieieisciinncsssi s s ssne e (01)
-27 u -2273
u= 14373 cm (1425cm = 1440 cm). oo (01)
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Ray diagram for the required correction with a corrective lens

. S ——
© f=3375cm @ —"
27 cm
Choosing a divergent Iens ... (01)
Correct ray diagram with diverging lens ........coccociiiiniviisninissne e (01)

(Look for two dotted lines from the point source and parallel lines with arrows to the
point image at the retina)

F =33 70 BT i T T i i s (01)
OR
— -
Focal length of the correctivelens ; w = —-25cm, v = -27c¢cm, f =7
LN (09 KR A= _ 1 (01)
-27y=25" " f OR  #373 w f
f=33.75cm _J

L)
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Additional corrective lens should be a converging lens

Reason :

The 1mage formed by the eve lens should be moved forward to coincide with the retina OR
When the eye lens gets weaker the image of an object at the normal near point will be formed
behind the retina. Therefore, light passing through the lens has to be converged to the retina.

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

&
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7. Write down Poiscuille’s equation for the rate of flow, Q, of a liquid through a horizontal cylindrical narrow
tube under a pressure difference of AP. Identify all the other symbols you used.

Under the above condition, the resistance exerted by the tube against the rate of flow of the liquid, Q, can
be defined as the flow resistance R =

(a)
b

()

(d)

(e)

R
S

AP
Q

What physical quantities associated with the tube and the liquid determine the flow resistance R?

When a liquid flows under pressure differences of
AP,, AP, and AP,, through three horizontal narrow
tubes connected in series as shown in figure (1), the
flow resistances exerted by the tubes are R, R, and R,
respectively. Using the definition given above for R show
that the flow resistance, R,,, of the system can be written as
R, = R, + R, + R;. (Neglect edge effects.)

When a liquid Aows through two horizontal narrow R,
tubes connected in parallel under a common pressure TEEm - _soo IS SeSSS T S T T
- i 4 ] e e
difference AP as shown in figure (2), the flow = T====———w—e—==—=_T" 21
resistances exerted by the tubes are R, and R,. R,
Show that the flow resistance R, of the system can . AP
. 1 _ 1 1
be written as R_U_F1+ E (Neglect end effects.) Figure (2)
Figure (3) shows a set of horizontal narrow tubes A, B, C, D and E connected between the point X and

a common reservoir ¥ so that a liquid can flow from X to ¥, The pressures at X and ¥ are maintained
at constant values. The flow resistance of each tube is labelled in the diagram in units of mmHg s/cm3.
Tube B is divided into two tubes C and D of equal flow resistances. This simplified model may also
be used to illustrate the blood flow through arteries and veins.

Give the answers to parts (i), (ii) and (iii) in terms of the given units, (Take 7 = 3)
(i) (1) Calculate the flow resistance, due to the system of tubes B, C and D between the points X and ¥,

(2) Calculate the flow resistance, due to the system of tubes, B, C, D and E between the points
X and Y.

(i) If the flow rate of the liquid across X is 6 cm®/s, calculate the pressure difference between X and Y.

(iii) Using the above results, find the flow rate of the liquid through wbe E.

(iv) If the length of wbe E is 2 c¢m find the internal radius of tube E. The viscosity of the liquid is
4.0 x 107 Pas [Take 1 mmHg = 133 Pa]

If the temperature of one of the tubes in the system given in part {d} is reduced, cxplain what would
happen to the flow rate of the liquid in that tube. Neglect the changes in radius and length of the tube.

L.
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Poiseuille’s equation : @ = TAPT e (01)

8nl
1 — Viscosity of the liquid ! - Length of the tube
r — Radius of the tube

AdLTITEE COMTEOT ..ottt ettt et et e et ettt bat et et e ettt det et e s et en amtmd st bebes s sasnmtms e seaenn (01)

[Flow resistance against the flow 0, R = — =—

(a) Flow resistance is determined by the :
Coefficient of viscosity of the liquid
Length of the tube
Radius of the tube.
Al RIee COMECTE oottt e et e e e eaee e e emaae e e e s er e e e samaaaaaanen (01)

(b) AP = AP, +AP, + AP, ... (@)

RO = RO+RQ +RQ oo ()
OR

AP _ AP, AP, AP, ®

Q e @9 @
R = R+R, +R,
FFOT CQUATION (R |, chiciii i 5iashsstns Sdes oo ansassssusssssasnsans aassassss s ass s8s asss subeaed seinasesass sasass (01)
For equation (b) ... ., Suimial a i maeeili e ssssissssss e sesisssssssisssssssssssssnssiases (1)
(c) AP is common for both tubes R,
P P R el T
A B e
Q= Q1+ Q2 e pr——— o= e
2
B AP
Lo iGN S . < (1)
Rﬂ Rl RZ
1 1 1
- =+
Rﬂ Rl RZ
@A) p = OR 8 mmHg s/ cm? (Correct substitution or answer) ............. (01)
1
—+
16 16
R, 6 = 8+4
12 MMHZ S/ €M7 oo e et eane (01)
(2) Flow resistance R due to system of tubes B, C, D and E
R = —l = 48 mmHg s/ cm® (Correct subStitution)........ccceeceeeeeerceenenne (01)
—1- + 1_
12 g
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(11) Pressure difference between X and ¥

Al OR A et (01)
R
0 6

(iv) Radius of the tube E

0 = nAPr
8nl

._l
36x%x10° = 3 x 288x133 x r (Correct substitution) ............. (01)
8 x 40x 107 x 2 x 107

r=6.69x 107m =0.669 MM .....cocomereivrmrmrenaiiinmrnneenssenssseserseneans (01)
(6.68 x 10~'m - 6.70 x 10™'m)

(fx=314r =6.619x 107m
(661 x 10°'m -662x 107'm)

(e) If the temperature inside a tube is reduced the viscosity will increase and hence
the flow rate will dECTEASE .....ciiciiiiiii it et s s (01)

L)
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8. Read the following passage and answer the questions.

Induction heating technology is of choice in many industrial, domestic and medical applications due to its
advantages such as Jess heating time, localized heating, direct heating and efficient energy consumption. The
operating principle of induction heating is based on the law of the electromagretic induction discovered by
Michael Faraday in 1831. The two major components in an induction heating system are a coil of wire (often
a copper coil) producing a time varying magnetic ficld upon receiving a high frequency alternating current,
and an electrically conducting material that generates heat. The magnetic field also changes its direction as
the direction of the alternating current changes. When a conducting material is exposed to such a time-varying
magnetic field, current loops called eddy currents are induced in the conducting material, As the magnetic
field changes its direction rapidly the eddy currents also change their directions rapidly. The cddy currents
always form closed loops inside conducting materials in planes perpendicular to the varying magnetic field.
Eddy currents, generate Joule heat (/2R type heat) due to the existence of resistance of the material.

When the magnetic field created is stronger or when the electrical conductivity is higher or when the rate
of change of magnetic field is larger, the eddy currents that are developed become larger. The eddy currents
which are generated by high frequency alternating current in the coil will exist only within a limited thickness
near the surface of thc material due to what is called skin effect.

The skin effect is the tendency of any high frequency electric current to distribute itself in a conductor with the
current density being largest near the surfacc of the conductor and decreasing very rapidly with the depth of the
conductor. This thickness across which eddy currents are distributed becomes even smaller due the mutual attraction
between the alternaling current in the coil and the eddy current loops. This is called the proximity effect. In
addition to the Joule healing, an additional heat is also produced within the material due to a phenomenon called
hysteresis effect. It occurs only in ferromagnetic materials such as some stainless steel, cast iron, nickel, etc. In
response to the varying magnetic field produced by the alternating current, the magnetic domains in these materials
repeatedly change their orientations. The energy required to tum them around finally is converted to heat. The
rate at which the heat is generated due to hysteresis effect increases with the frequency of the varying magnetic
field. Commercially available induction heating systems operate at frequencies approximately from 60 Hz to about
1 MHz and deliver power in the range from a few watts to several Megawatts.

The cookers that are available in the market as induction cookers operate on this principle. In an induction
cooker, & coil of copper wire is mounted just under the surface of the cooker top where the cooking pot is
placed, without touching it, and an alternating electric current is sent through the coil. The entire bottom of the
cooking pot itself acts as the conducting material that generates the heat. The varying magnetic field produced
by the coil enters the bottom of the cooking pot creating eddy currents and hysteresis losses, generating heat.
In order to make use of both effects for heat generation, the cooking pots or the bottoms of the cooking pots
are made of ferromagnetic materials such as some stainless steel or cast iron.

(a) State Faraday's Law of electromagnetic induction in words.
(k) Name two fields of application where induction heating is used.

(c) Write down the two heating proccsses involved in the induction heating. C‘ﬂ‘;‘jifﬁ
matenial

(d) Write down three factors which give rise to larger eddy currents.

(e) Write down the two effects which limit the eddy currents to be within a limited i ;g

thickness near the surface of the material. e
() Copy the given diagram and answer the following questions.

The direction of the alternating current in a coil at a certain instant of time is
shown in the figure. Consider a situation where the magnitude of this current
is increasing with time. A conducting material is placed just above the coil as
shown in the figure.

K.
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(a)

(b)
(c)

(d)

()
@

R
S

(i) Show the direction of the magnetic field created in this situation by drawing an arrow on one field
iine,

(i) Draw one loop of eddy current in the material near the position O and show the direction of the
eddy current when the aiternating curmrent is increasing.

(iii) Use Lenz's law to explain how you determined the direction of the eddy current loop that you have
drawn in {ii) above.

Explain how the increase of the frequency of alternating current, increases the rate of heating in the
material.

Censider a situation where a time-varying magnetic field enters a disk of radius R, thickness b and resistivity
p. If the flux density B of the applied magnetic field varies sinusoidally as B = B, sin wt where B, is the
amplitude of the flux density of the magnetic field, w is the angular frequency and ¢ is the time, then based
on a very simplifiecd model the average power P generated by the eddy currents in the disk can be given by

4
P = k B w* where k=%pb.lfk=05 mt @, @ = 6000 rad s and B, = 7.5 x 1073 T, calculate

the average powcr gencrated in the disk.

In transformers, the core is heated up due to eddy currents and it contributes to energy loss in the form
of heat. How is this energy loss minimised in transformers?

Faraday’s law : The emf induced in a circuit is directly proportional to the time rate
of change of magnetic flux through the circuit.

OR
When the magnetic flux connecting a circuit changes, an electromotive force is induced
in the circuit proportional to the rate of change of the flux. ... (01)
Industrial, domestic and medical applications (Any twWo cOITect) ........ccoviinieiiiiiinna (01)

(S10] 1 W o103 u £+ ) DU OO (01)
Magnetic field created is stronger, electrical conductivity is higher, the rate of change

of magnetic field is larger. (All three correct) .......oocooiiii e (01)
Skin effect, Proximity effect (Both correct) ...t (01)

-

0 Conducting .
maierial ___\ 10/

—a—

i

®

/

Drawing a correct arrow on a fields line as shown ..., (01)

'L,
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(1) Drawing an eddy current loop as ShOWn ... (01)

Showing the direction of the eddy current with an arrow. ..........coceeviiiiiiniiiinene (01)

(ii1) According to the Lenz’s law, the induced current and induced emf in a conductor are

in such a direction as to set up a magnetic field that opposes the change in the magnetic
field that produced them. ..o s (01)

The magnetic field produced by the coil is increasing in the upward direction therefore
to oppose this magnetic field the induced eddy current should be in the opposite
direction of the current in the coil. ... (01)

(g) The increase of the frequency of alternating current increase the rate of change of

(h)

magnetic flux in the conducting material. ... (01)

Increase in the rate of change of magnetic flux increases the magnitude of eddy current

10 the Material. ... nmiinninem s svsiisinsim i e is s e s st s sas it s s it aanssasaasas (01)
P= kijz = 0.5x (7.5x 107’ x (6000)2 W = 10125W OR P = 1013 W

Correct substitution .........ccccvceeeee. (01)

Correct answer — ...cecoeveeenn (01)

The core (conducting parts) is often laminated (that is, they are built up in thin layers
separated by a non — conducting material such as lacquer or a metal oxide) ............... (01)

.
i

&
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9. Answer either part (A) or part (B) only.
(A) (@) Write down an cxpression for the energy (W) dissipated in a resistor of resistance R when a current of
magnitude [ is passed through it for a period of time 1.

() An electrical fuse is a small element consisting of a thin metal wire. Electrical fuses are connected in
series with clectrical/electronic circuits 1o avoid damages caused to them duc to the passage of currents
larger than the recommended current for the circuits (due 1o over-load currents and shert circuits). When
the current through the fusc in a cerain circuit becomes larger than the recommended current in the
circuit, the fuse burns (melts) and disconnects the circuit from the power source. The electrical fuses
are selected so that their ratings arc equal to the recommended currents in the circuits.

. . ) e . Fuse wire
(i) Figure (1) shows how a fuse is connecied to a circuit of load resistance R. '
Current in a certain fuse is rated as 5A. If the length of the fuse wire is
3¢m, and its radius is 0.1 mm (area of cross-section ~3 x 108 m?%) and the
resistivity of the material of the wire at 25 °C is 1.7x 107®Q m, calculate R
the resistance of the fuse wire at room temperature of 25 °C.
(ii} When the fuse is operated al the rating mentioned in (i), at steady state, the Figure (1)
entire heatl generated by the fuse wire is dissipated to the surrounding without 8
burning the fuse. Calculate the power dissipated by 5 A fuse in that manner. Take the
average value of the resistance of the fuse wire over the temperature range is equal to
five times the resistance calculated under (b)(i). I
(iii} A test performed by manufaciurers of electrical fuses is 1o determine the amplitude of
a current pulse needed Lo melt (burn) the fuse wire approximately in one miilisecond.
Considering the rectangular current pulse of one millisecond duration shown in the
figure (2), calculate the peak current [ of the pulse needed to melt the fuse wire given 1' rnsl
in (b)i). Assume that the heat dissipation to the surroundings under this condition is  Figure (2)
negligible. Take the mass of the fuse wire given in (B){(i) as 7.5 x 10 kg, and the
average value of resistance of the fuse wire as five times the resistance calculated under (b)(i). Specific
heat capacity of the material of the fuse wire is 390 ] kg™' °C-!. Melting point of the material of the
fuse wire is | 075 °C.
(iv) Consider a situation in which a load circuit with an applied voltage of 5A X
230 V as shown in the figure (3) is short circuited at XY. Calculate the current
through a 5 A fuse under this situalion. Using the results obtained in (5)(iii),
show that the fuse will melt before 1 millisecond. (Assume that the current 230V R
produced is a rectangular current pulse.)
(v) A rectangular narrow current pulse of 500 A occurring for a duration of :
1 ps passes through a 5 A fuse. In this situation, will the fuse get burnt? Figure (3) ¥
Justify your answer using an appropriate calculation.
(@) W = PRE oottt ss et sttt s sb b s st b bt (01)
10 N T =T (01)
A
17% 10" 3 x 107 _
= . (Correct substitution) ..................... (01)
3x10°
ST B R0 L1 TR (01)

R
S
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(ii)

(iii)

(iv)

P = TR
SRR T OO R L1 R T T (01)
= 225 W e s (01)
IE Rt = mc A@ (mc Af (Symbols have their usual meaning)................... (01)

(For equating mc A&to electrical energy)

-5
L = (75x 10 ):( 390 x 1050 (Correct substitution) ............cccceeee (01)
(1.7x 10 x 5x 10~
= 36132 x 10*
I,= 1.90 x 10°A (1.900 x 10°A = 1.901 x 107 A) ereeerrrercermareerneeeare (01)
Current through 5 A fuse = L ............................................ (01)

1.7x 107 x5
= 2706 x 10°A
(270x 100 A —=2.71 x 10" A)

Since this current is greater than /;in part (ii1), the fuse will melt before
I millisecond ...t i (01)

(A ward this mark for the above statement only if two respective current values
are correct)

Alternative method :
If tis the time required to melt the fuse, then

LRt =mc A8

me A@

TR

_ (7.5x10™) x 390 x 1050
(2.706 x 10°) x 1.7 x 107°x 5

KK R V3 [ i SO O (01)

= (4.93 - 4.94)

T =

.. The fuse will burn before one millisecond. ........ccooiiiiiiiiinisiiinicnniians (01)

L)
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(v)

No

Justification :

Energy needed to melt the fuse wire mc A@ = 7.5 x 107 x 390 x 1050 .........

3.07J)

Energy dissipated in the fuse

2.125x 1072]

This value is very much less than the energy needed (3.07 J) to melt the wire.
Therefore,

the fuse Will NOTMEIL. oot seae s s e s e s ae e s n e e s
(For comparison of the above two values)

500°x (1L.7x 107 )x 5x 107 .........

Alternative method :

IRt

ns

If A@ is the increase in temperature of the fuse, A8 =

AG = SO0 (LTx10)xS5x10° e (OD)

(7.5 x 107°) x 390
= 7.26°C

-. Final temperature attained by the fuse wire is (25+7.26)°C = 32.26°C (01)

and it will not melt. .o e (01)

L)
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(B) Figure (1) shows the circuit symbol of an operational amplifier having v +
open loop voltage gain A. : v
(@) Write down the expression for the output voltage V, in terms of v 0
V), V,, and A 2 ~~ Figure (1)

(b) If the positive and negative output saturation voltages of the operational amplifier are + 15V and A = 10°,
calculate the minimum input voltage difference which will drive its output into saturation.

{(c) (i) Draw the output voltage waveform when the

¥+

given triangular voltage signal of peak amplitude

5V is applicd to the + input of the circuit as 5 V*I/\ /\
0

shown in figure (2}, and label its peak voltage t +
values, \/ v
0
(i) The circuit in figure (2) is now modified as -
shown in figure (3). When S, is closed and
S, is open the circuit will produce the cutput Figure (2)

waveform shown in the figure (3) for the input

triangular signal. Considering the actions of circuit elements in figure (3), explain the reasons for
differences, if any, between the output voltage waveform shown in figure (3) and the waveform
drawn by you in (c)(i). What is the peak voltage of the output in figure (3)?

V+

5v
0 ¢

of ?]
L

(iil) Now a voliage of +3V is applied to the —input of the operational
amplifier in figure (3) by opening S| and closing S,. When a hypothetical 2V
voltage waveform shown in figure (4) is applied to the +input of the
operational amplifier, draw the output waveform expected from the
circuit and label the magnitude of the-output voltage. 0 Figure (4)

Figure (3)

¢

(d) A certain blood cell counting system operates as follows. The blood is diluted by a known proportion in
a proper type of solution, and allowed to flow through a smali aperture X of the order of 50 pm diameter
placed in between two electrodes S and T as shown in the figure {5). Blood cell counting is based on the
fact that the electrical resistivity of blood cells is higher than the electrical resistivity of the solution.

6 mA

Figure (5) Figure (6)

A constant current of 6 mA is passed through the system as shown in figures (5) and (6). Currents
through 1000 Q resistor and the electrodes when the solution passes through the aperture X is shown in
figure (5). Figure (6) shows the currents through 1000 € resistor and the electrodes when a blood cell
is going through the aperture X. The point P of the circuits shown in figures {5) and (6) is connected to
+ terminal of the operational amplifier in the circuit shown in figure (3) with S, open and S, closed.
The output V,_ is connected tc a pulse counter. (Not shown in the figure.)

(i) What are the voltages at point P in figures (5} and (6)?
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(iii) Draw the output voltage waveform of the circuit in figure (3) relevant to (ji) above.

(iv) What does the counter output indicate if a diluted blood stream is allowed to flow through the

aperture X?
(@) Vy= AV, = V) oottt o1
®) (V,-V),. = ”1%5_: ................................................................................................ 1)
S TR 2 (2O (01)

(OR correct value in any other appropriate voltage units)

(e)(i) V. oA
+15V -

""-h‘"

-1sv4 L L

A waveform symmetrical about £ axis as shown ... (01)

Labeling of peak voltage values =15 V as shown ... (01)

G) Vv
4.7 vh
L
i

[Difference between two waveforms : (not asked)

(1) Out put waveform in c(i) has equal negative and positive half cycles
but the waveform in c(ii) has only positive cycles.
(2) Peak voltage of the waveform in c(i) is (2)15V, but the peak voltage

J,Jf the waveform in c(ii) is + 4.7 V] )

Reasons :

(1) The diode is reversed biased during negative half cycles of the waveform,
and does not allow the negative half cycle of the waveform to pass through.
No current will pass through when it is in reversed biased ...............c....... (01)

(2) Zener diode will limit the peak voltage of the output waveform in c(ii) to
TV ettt ettt bttt b4 4 b aa bttt e et ra bt btantasaaan (01)

't
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(iii) Qutput waveform

VI]
4.7V
0
i
Output waveform as shown (a shape of pulse) ... (01)
Magnitude of the output voltage (4.7 V) ..o nsnesssen s (01)
(d) (1) Voltage at Pinfigure (5) = 2V ittt s e s (01)
Voltage at P in figure (6) = 4V ittt (01)
(ii)
VP A
4V
2V |_I I_l
> I
Shape of the waveform (single pulse is enough) ... (01)
(iii) V

0

4.7V
0! |—| H -

Output voltage waveform relevant to (i1) above, as shown (Single pulse 1s

EROUZNY Lo e e s a st e e (01)
Labeling the peak voltage as above ..., (01)

(iv) The counter output indicates the number of blood cells passed through the aperture

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

L)
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10. Answer

(A) (@ (i)

(i)

(b} The temperature inside a certain outdoor closed storage room in a cold

count

R
S

either part (A) or part (B) only.
Briefly explain how heat is absorbed when the physical state of a material is changed from solid
state to the liquid state,

10 mega Joules of excess thermal energy produced by a certain thermal power plant is to be
stored as latent heat in an insulated solid block of zinc which is maintained at its melling point
of 420 °C. If the entire excess energy is used to melt zinc, calculate the minimum mass of solid
zinc necessary for this purpose.

Specific latent heat of fusion of zinc is 1.15 x 10° ) kg,

ry is to be maintained at 0°C when the outside temperature is

?‘ﬂ'f.6‘ﬂ'I{;'-'I?l-'ifl!.f"-‘!.F"'ﬂ'!.ﬂ"f.ﬂ'if._g"
at —30°C. The room is thermally insulated with 20cm thick concrete :
walls. The inner surfaces of the walls are in contact with a uniform , s
water layer of sufficient thickness maintained at 0°C as shown in the
figure. Water s stirred internally to avoid formation of static frozen _
ice layers. (Assume that the stirring process does not add any heat
o water.)
(i) Explain briefly how the tcmperature of the room can be maintained in 0°C upto sometime using

(i)

(iii)

this method.

Calculate the minimum mass of the water layer which will ensure that the 0 °C temperature is
maintained in the room upto 10 hours and only 25% of the mass of water is converted (o ice during
this time period.

Total mean surface area of all the walls is 120m?2.
Thermal conductivity of concrete = 0.8 W m™ °C~. Specific latent heat of fusion of ice = 3.35x 10° Jkg™',

Suppose the above mentioned entire water layer is frozen due to some unforseen reason and a uniform
ice layer of thickness S5cm is formed on the inner surface of concrete walls. Calculate the rate at which
the heat from the 0 °C room begins to flow out as soon as the ice layer is formed. Thermal conductivity
of ice =22 W m™!' °C1. For calculations, assume that the total mean surface area of the ice layer through
which the heat flows out is also 120 m?.

(a) (1) The latent heat is partly used to overcome the forces of attraction between the

MOlECUIES. e s v et .. c e e st gt o e e 44 St 2 2 (01)

Gi) T

he minimum mass /m required is given by,
mx 1.15% 10" = 10x 10°
m = 86.95Kkg (86.95 — B6.96) ....ccoveriiiniiniini sttt (01)

(b) (1) Latent heat of water is capable of compensating the heat loss through concrete

without changing the temperature of Water Or TOOIM. .....ccccveiiieisiiniiieciiseeeiaas (02)

(02 Or Zero)

(11) Amount of heat lost () through concrete given by,

30

= 0.8 x 120 x — = (3600 x 10) ...coooiiiiiiiiiiiiiii s 01
¢ 20x 10™ 0D
Use of equation @ = kA d_f} in the above eXpression ... (01)

d — dL

Q

= 5184 x 10%]

L)
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AL xSy
4
p—
If the minimum mass needed i1s m o]
Heat to be given out by water = m x 120 x =) x 335x 10 ........... (01) E
100
e
(For multuiplying the above expression by = ) g
100 Q.
25 o
wmox == x 335x 107 = 5184 x 10° oot eiee (01) .
100
(for equating the two expression)
M= 6090 X 10TKE oo et ettt see s e neeeenens (01)
= (6.189x 10° - 6.191 x 10°)

(111) Let &be the temperature at the ice-concrete interface. Then,

dQ 0-4
= = kA L (01)
(For both equations)
= k4 9230
L,
L L \d
kA TA| ar
5x 107 20x 107 |4
+ Q9 SEOOTEEIN ..................ciussiineieannasnsannmsnton ans srieinnran (01)
22x 120 08x120 | dt
d_Q = 1320x 10% Js7! e (01)
dt
(1319 % 10° = 1.320 x 10%)  coorreeniernenmssesasssecesasse st as st ssssessessssanianeas (01)
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(B) Radioisotope Thermoelectric Generators (RTGs) are used to generate electricity in space-crafts, satellites etc.
An RTG consists of two subsystems.

(1) Thermal source: .
[t is a container of alpha particle emitting radioactive source. The Kinetic energy produced by all
the alpha particles is convented to thermal energy and absorbed by the container.
(2) Energy conversion sysiem:
[t is a thermoelectric generator which converts thermal cncrgy absorbed by the container into
electrical energy.
Consider an RTG of a certain space-craft which uses 2*Pu in the form of plutonium oxide (PuQ,) as the

radioactive source. The radioaclive source contains 2.38 kg of PuO, for which the fraction of D8Py in
PuO, is 0.9 at the launch of the space-craft. The thermal energy absorbed per radioactive decay of 2Pu
by the container is 5.5 MeV. Half life of #®Pu is 87.7 years and the corresponding decay constant is
0.0079 y! (= 25 x107'% s71). Avogadro number is 6.0x 10% atoms per mole.

(i) Find the initial activity in Bg of the radioisotope source at the launch of the space-craft,

(ii) If the efficiency of conversion of thermal power into electrical power is 7%, find the electrical
power in the RTG at the launch of the space craft (1 MeV = 1.6x 107'* J).

(iii) Find the activity of thc radioisotope sourcc by the end of the 10 ycars mission of the space-craft.
(Take %97 = 0.92)

(iv) Find the electrical power produced by the RTG at the end of the mission.
(v) Find the percentage loss of the clectrical power after the mission.
{vi}) Give one advanlage ofl using RTGs in space-crafls.

(i) The amount of ~Puin the source = 2380 X 0.9« vvurreroeereeeeeseeseereereaeesesronns (01)

23
No.of atoms in the source No = 2280x09x60x10" oo (01)

238

N = 5.4 x 10* atoms

a

INItAl ACHVITY A S N A oeoiiorieeioimnreeienaeestotiessetsseensesaesssseasscassessssessssssssesssssscasnesas (01)
= 54X 10™% 2.5 %X 107%™ e (01)
= 135 X 10 TB Qs coreisstt ek in s s sassingas b i s e ens s b (01)

(1) Let E = Energy absorbed by the container in one decay

Thermal power produced = A E ..o (01)
AE = 135x10°x 55% 1.6 x 1077 . (01)
= 118 W

Electric power produced at the launch of the space craft

= 1188 X 1 e (01)
100

(831 W-832W)
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(1)  Acuvity of the source after 10 years of the mission (A),

A = Ae™
= 135x 10" x 0010
(Writing equation Or SUDSHIULION) ...ccceviurinirisinenssenesnssneassias e (01)
= 135x 10" x 092
= 1.24 % 107 BQ eeriiieieieieeeeeecesissintessseees s st s see s ssenens (01)

(iv)  Electric power produces by the RTG at

end of the mission =124x10°x(55x 1.6 x 1077) x IITD
15
OR 832 x A = 82x124x10° (01)
Aﬂ 1.35x 1015
= T0.4W " it i i s s i st st s st st e s (01)
(763 -76.5)
(v) Percentage loss of electric power after the mission = 83.2-76.4 % 100
83.2
= B ciiiviiniiciiniciiissisaniog (01)
= (8% -8.2%)
(vi) 1. RTG can be used when solar energy is not available
2. Can Get electric power for a longer period in compared with other electrical
sources.
3. Can be used without maintenance
Any of the above ... (01)
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