Ecolebooks.com oo
Qn Answer Marks
1. (a) | Relative velocity is the velocity of a body as perceived by a moving observer~— 1
while resultant velocity is the single velocity having the same effect on a body
as a number of velocities experienced by the body ~ 1
(b)
1
The pilot should set the plane at an angle o N of E so that the resultant velocity,
v, is along AB
sina _ sin135° ~ 1
Now, 572 =216
sino = 728in135° _ (357
216 —
o = 13.6° 1
(i) v = 216 cos a - 72 cos 45° ~ 1
= 216 cos 13.6° — 72 cos 45° = 159 kmh? ~— 1
ime = AB _ 300 ~
Now  time 159 1
=1.887 hrs = 1hr 53min ~ 1
(€) | (i) ...the time taken from the instant of projection to landing—" 1
(il M
Yy
X ' >X
Let OX be a horizontal axis through O, and OY a vertical axis. The position of
the particle at any instant may be described by coordinates (x,y) with reference
to these axes.
X = (ucosa)t ~
__ X 1
N u cosa
But y = (usina)t - ¥ogt? ~
1

DOWNLOAD MORE RESOURCES LIKE THISON ECOLEBOOKS.COM



https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com

Ecolebooks.com .

= xtang— —2 2
y 2u?cos?a 1
This is an equation of a parabola.
@ |, g x?
1) Usin = Xtana - —S——— we have
0 gy “ 2u%cos%a
u? = g X ~
2(x tana — y)cos’a 1
- 9.81x100° = _9.81x10° - 5103
2(L00tan 30° — 25)c0s?30°  2x32.7x0.75  ° g
u = 447ms? ~
1
(ii) The horizontal velocity, vx = u cos 30° = 44.7 cos 30° = 38.7 ms®_ 1
i = Lz_loo =
Time taken, t v. " 38.7 2.58's e "
The vertical velocity, vy = usin 30° - gt
= 44.7 sin 30° - 9.81 x 2.58
= 3.0 mst ~
Vx 1
v | v 3.0
! R 0 = tan‘l[v_j = tan? ﬁ)\x A
= 44° ~
i.e. 4.4° to the horizontal 1
Total =20
2.(a) | (i) ...the coefficient of viscosity is the tangential force acting on an area of 1 m?
of fluid which resists the motion of one layer over another when the velocity
gradient between them is 1 s, T 1
(ii)
- Viscosity in gases is due to momentum transfer between the neighbouring
layers of gases. ~ 1
- It is proportional to the average speed of the gas molecules. < x Yo
- So, increase in gas temperature increases Viscosity X Ya
(b) | (i) The flow should be laminar ~ 1
(ii)
The volume of liquid issuing per second from the pipe depends on:
- the coefficient of viscosity, n
- the radius of the pipe, r
- the pressure gradient set up along the pipe, s
i.e. volume per second = kn*r's? -~
where K is a constant and x, y and z are indices to be found. 1
Using dimensions: L3T? = (MLT1)X LY (ML?T?)? ~
. 0= x+z 1
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3="x+y-2z

1=x+2z
from whichx = "1,z=1,y=4 ~ 1

kr*s kApr#
Hence, volume per second = = P ~ 1
n In
The constant k = %
mApr#
Hence, volume per second =
8in
Coloured water
©) X Transparent
tank 1

% /Tap B Clear}/vater X ”

Yo

= Tr/asparent tube ~%

Jet Thin coloured line ~X

- A transparent tank, fitted with a horizontal transparent tube is filled with Yo
water from a tap. Tap A controls the rate of flow through the horizontal tube
while tap B opens for the coloured liquid. ~

- Tap A is opened, first slightly and then B is opened to release some 1
coloured liquid. X

- Tap A is progressively opened further. X Yo
Observation:

At first a thin coloured line is seen in the horizontal tube. ~x Yo
This is streamline flow. X
However, as A is opened further, the coloured line disappears and instead the Yo
colour fills the whole tube. X Y

The flow has now become turbulent. X
b
Y5

T
d i Us Brnourv
(d) | () Ua | 6mrv Us  6rnarv
B H@
U
A | Brnrv Mag Y Meg

A

Y
(ma +'mB)g
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(ma+mg)g = Ua+ Us +6mmrv(l + o) ~ 1

inr¥g(l+ o¥)o = 4nr¥g(l+od)p +6mrv(l+a) ~— 1
_ 2r'g(l+a’)(c—p)

R S ~ 1

2% 42 %107 x 9.81x (L + 2°)(3000 —1200)

— -1
9x0.21x(1+2) = 89.7ms

(if) From above v =

Considering the forces acting on B
T = Us + 6mmarv - msg
— 343 343
= $nrio’pg - 4 nraeg + 6marv.

1
= 4nrfa’y(p - o) + 6mnarv
= 47 x43x10°x 231200 — 3000) X 9.81 + 67 X 0.21 X 2 X 4 X 102 %~
89.7 1
= -37.87+14.2
=-23.67 N (unrealistic) ~ 1
Total =20
3. (@) | (i) When a body is wholly or partially immersed in a fluid it experiences an
upthrust which is equal to the weight of the fluid displaced. >~ 1
. mg—-2.06 _ 1
(i) mg—2.45 1.8 ~
mg—2.06 = 1.8mg - (1.8 x 2.45) ~ 1
mg(1.8 -1) = (1.8 x 2.45) -2.06
- 441-2.06 -_
M = 585081 0.293kg ~— 1
(b) | (i) A particle is said to execute simple harmonic motion if it moves such that its
acceleration along its path is always directed towards a fixed point in that path,
and is proportional to its displacement from the fixed point. ~— 1
(ii) A damped oscillation is one whose amplitude decreases with time due to
dissipation of energy ~ 1
A forced oscillation is one that receives periodic impulses from an external ~" 1
agent
© | ()

I

|
w B
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When freely floating, the height submerged is < h
Weight of the cylinder, W = weight of the liquid displaced =hAocg ~—

During motion, suppose at a certain instant the lower end is at a distance x 1
below the equilibrium, O.
Then, the upthrust, U = (% h + x)Apg ~— 1
Let a = acceleration (positive away from O)
Then, using ma = W — U, where m = hAc
ma = hAcg - hAcg - XApg -
hAca = - XApg 1
a=-P2y ~
ch 1
The negative sigh means that the acceleration is towards O, and since it is
proportional to the displacement x from O, the cylinder executes simple ~—
harmonic motion. 1
i PE — 2 = 4_752
(i) Now op - @ 5 NP 1
T = 2x |ch
pg ~ 1

(d) (I) 2 - Kk 47'52

T m T2 T s
= m - [—0'1 X

T 271 k 21 245 A
= 0.408 s ~

(if)  Since it starts from maximum displacement, the equation of maotion is
y = acos ot ~ 1

- |k _ 245 _ 1
Now o \/; ‘/0.1 15.65rad s 1

ot = 15.65x 0.3 radians = 1565x 03 = 1801565103 = 2607 | 4,

y = 0.05 cos 269° X &
= 8.7x10%m ~ .
Total =20
4. (a) | (1) ...a single force having exactly the same effect as the number forces it ~1

represents

\
\
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(i)
Along the 6N force: Fx = 6+5cos 60°— 15 cos 40° 1
=6+25-115 = -3N—° g
Perpendicular to the 6N force: Fy = 4 —5sin 60°— 15 sin 40° 1
= 4-433-964 = -9.97N% o
Resultant force, F = \[F?+F’
= V3 +9.97° = 104N T .
Now, acceleration, a = % = % =52ms?~—
Using s = ut + %at?, we have 1
s=0+%x52x3?
= 234m ~ 1
(b) |
Solid friction Fluid friction
- Independent of area of contact | - Depends on area of layers considered
- Independent of relative - Depends on the relative velocity of
velocity of the layers in the layers involved
contact - Depends on temperature
- Independent of temperature
2
(ii) =
—| __ Metre rule
= mg cos6
M 38 pmg coso
h 1
= | 1
| "
¢ X =_
- A mark, M, is made at a suitable location on the board X
- Then the board is gently tilted until the block is just beginning to slide dewn Yo
- Then the height, h, of the mark, M, above the bench is measured Ya
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- The horizontal distance, x, of M from the line of contact of the board and the Yo
bench is also measured (where x is perpendicular to the line ongntact).
The diagram on the right shows the forces on the block at the start of slipping, Yo
in which p is the coefficient of friction
So, umgcos® = mg sind g
1
u = tand = % X &
Ya
© |
() 40N,
Ay
A
~ 1
0
B 45 Al A
> < X >
0.5m
v v
10N 30N

Let x = distance of centre of gravity from end A
Taking moments about end A, we have
30x+10x2 = 40x1.5sin45°~—

x = 40x1.5sin45° 20

30 1
= 0.748 m fromend A ~
1
(ii) Ax = 40c0s45° = 2828N 1
Ay + 40 sin45° = 10 + 30
Ay = 40-2828 = 11.72N 1
. ; — 2 2 _ 2 2 _ 1
s reactionatA = A2 +AZ = 28.28°+11.72° = 306 N~
11.72
at an angle a to the horizontal, where o = tan'l(zglzg) = 225~
1

Total =20

5. (a) | (i) Temperature is the degree of hotness of a body expressed as a number on~" 1
some scale.

Heat is the sum of the kinetic energy and potential energy of a substance’s
molecules. ~ 1

(i) The material should have a property which
- varies continuously with temperature, in value or otherwise, over a wide

range

Anv two @1
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is observable 2
IS measurable

exhibits reproducible values at the respective temperatures

has distinguishable values even for small differences in temperature

(iii)
- volume of a liquid
- pressure of a fixed mass of gas at constant volume
(Anv four @Y2 )

- volume of a fixed mass of gas at constant pressure 2
- electrical resistance of a wire
- emf of a thermocouple
(b) | (i)
Platinum-iridium
bulb
/ Y
B )
1
Yo
(ii)

- The gas in the capillary tube E is not at the temperature being measured. ~<| %
The error due to this can be reduced by making the capillary tube very

narrow compared to the bulb. X Yo
- The bulb B expands. X Yo

The error due to this is minimized by using a metal of very small

expansivity for the bulb B. X Ya
- The density of the mercury changes with temperature. X Ya
A correction for these changes is carried out. X Yo

(c) | (i) The discrepancy arises because thermometric properties do no vary the same

way as the temperature changes. ~ 1
. V, -V,
(i) 6 = 100 (‘—0) °C
\/100 _Vo
1
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2
_ [ v,f1+80x1000p +80 E)—vo 100G
V,{L+100 x10008 +100%B) -V, .
80,000 + 6,400 0 ~
100,000+10000 90 1
= 78.5°C ~
(d) | (i) A thermojunction is one made by fusing together ends of two different ~—" 1
metals
(i) A
E X A
o n = neutral temperature
B = inversion temperature Ya
0 On B 0°C .
X X
(iii) Advantages: [ Any one adv. )
- It can measure temperature at a point 1
- It is quick-acting and can therefore measure a rapidly changing [ ~—
temperature.
Disadvantage
. 1
- An emf corresponds to two temperatures, which could lead to wrong—
interpretation
Total =20
6. (@) | ...the heat flow rate per unit area per unit temperature gradient. ~ 1
04 03
(b)
02 01 X 1,
Copper rod _
Lagging (Specimen) Ot W [ ://\ﬁater In Yy
st _‘:‘_ 1
H_D X 'II S I 1 "' 1 i
| \‘\ C D F "I "l :
Tubular copper coil
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During conductivity measurement the following conditions should fulfilled:
- Heat must flow through the specimen at a measurable rate
- The temperature gradient along the specimen must be steep
The specimen is in form of a uniform cylindrical copper rod
- The diameter of the rod is measured from which its cross-sectional area is,

A, is worked out X

- Two holes, C and D a distance | apart, are made in the specimen. These are
to accommodate thermometers. These holes are filled with mercury for Yo
good thermal contact. X

- The apparatus is set up as shown, in which XY is the specimen, heated by at
source H and cooled by water circulating through a tubular copper coil at Y._|x Y2

- The apparatus is kept running until all the temperatures have become steady:t

- Then the cooling water circulating is collected over a measured time

interval and the mass of it, m, flowing per second is found. A Yo
Calculations: Yo
Let k =thermal conductivity of the specimen
kA8, — 0,) bl
Q, _ 2 1
Then the heat flow rate per second, /t i E— 1

This heat is carried away by the cooling water. If cw is the specific heat capacity

- 1
of water, then Mz mc, 0, -0, ~% ’
K = mc,,(0, - 6,)! e
A@, -6,
Y
Y
© [ 0o 20°C 4C g
kg ka kg
ok ‘
Heat flow rate per m?, q = |—9(62—20) = I—a(20—4) N 1
g a
02-20 = 16 x kalg
k1.
k.|
_ a'g — 16x0.025x0.03
b2 = 1ox gy *20 = Torox00r T
= 17+20 = 21.70
k k 1
Also q = |—9(4—61) = |—a(20—4) ~
g a 1
4-01 = 16X ﬁ
k1,
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k.|
_ 4. Kaly _ ,_ 16x0.025x0.03
O = A-1ox g = 4 o001
=4-17 =23
1
. k
(i) Q:th:2x2x60x60x|—g(€)z—20) ~ 1
9
_ 0.72
= 14400 x 0.03 x1.7
= 5.875x10°)J ~ 1
(d) | (i) The total power radiated per m? from a black body is proportional to the
forth power of the body’s absolute temperature ~ 1
(i)

- — Hot (exposed) ~x

e —al oo

X

It is a pile of many thermal junctions connected in series. The junctions are
attached to thin tin discs. The discs on a set of alternate junctions are blackened
and are the ones exposed to the radiation while the other set is shield off from
the radiation. ~

Yo
Yo

Yo
Yo

The blackened junctions are made to face the area under test. When they absorb 1
radiation they become hotter than the unexposed ones and each pair of a hot and
a cold junction generates an emf. ~
The total emf from the whole combinations is connected to a galvanometer, G. 1
Deflection of the galvanometer indicates presence of radiation. ~
1
Total =20
7.(a) | (i) The volume of a fixed mass of gas, at constant pressure is directly
proportional to the absolute temperature. ~—" 1
(ii)
Thermometer \gt?rrer Ya
X %
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- Adry gas is trapped by mercury in a closed limb, R, which is graduated to
measure the volume, V, of the trapped gas. X

- The mercury levels in P and R are equalized by pouring mercury in at\5<or
running it off at Q. Thus the gas in R is always kept at constant pressure.

- The temperature, 6, and the volume, V, of the gas are read and recordeg-<

- The temperature of the gas is varied. X

- After stirring and ensuring uniform temperature, the mercury levels in P and
R are equalized once again and the new values of 6 and V are taken. %

- The procedure is repeated for various temperatures of the gas and a graph of
V against 0 is plotted. It is a straight line X

By extrapolation back to the temperature axis gives a point at which the

temperature is about -273°C. (See the graph below) X

VA

--
_-

Vo

A

o—>

v

Yo

Yo

Ya

Ya

Ya
Yo

Yo

Yo

Ya

Ya

(i)

- The intermolecular forces in gases are negligible. So the molecules wander
freely to any part of the container. ~ 1
- The molecules are continuously bombarding the walls of the container” 1
- Because the momentum changes involved a force is exerted on the walls and
therefore pressure on the walls of the container ~ 1

(b)

(ii) The pressure of a gas depends on its density and the mean square\s&ed of
its molecules. 1
When the temperature rises at constant volume, the density remains constant
but the mean square speed is increased. So the pressure rises T 1

() | i) Boyle’slaw: PV = A ............ (N Yo
Charles’s law: V = ¢l Y
Pressure law: P = CT........... 3 Y

where A, B and C are constants
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Eq(1) x eq(2) x eq(3): P?v? = ABCT? ~ 1
: PV = KT, where K = VABC, a constant" &
(i1) Let m1 = original mass of the gas
m = mass of gas used
r = specific gas constant
Then PiVi = murT1 ..ol (nH ~ 1
and  P2Vz2 = (mi—m)rTz .......... (2) ~ 1
. . BV, (m-—-m\T,
O L y
ButVi=\V>
Pp_(m-mT, Y
Pl —( m, j_l_l X 2
1-M _ Loy
ml Pl 2
m = (1— x lj m X
PT, ”
_ h_4x300
= f 6><278)X15 e "
= 4.21 kg ~
1
Total =20
Constant temperature bath Oil spray
8.(a) TS Aj
N = =
| ' ] | ) \ A [
1 H 1
%@—E% i X i 2
1 1 \X
| ] B X-ray tube
| =] iy
. ]
A and B are parallel plates. H is a small hole in the centre of A
(i) The terminal velocity of the drops depends on the viscosity of the air.” 1
Viscosity depends on temperature X Yo
So a constant temperature bath maintains a constant value of viscosity’ Yo
(i1) The distance moved by the drop. ~ 1
The time taken to cover the distance ~—" 1
(b) | (i) ....to establish the magnitude of charge on an electron ~ 1
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(i) Very high voltages are required

There is a risk of producing x-rays due to the high accelerating p.ds ~"

involved.

(©)

(I) ( lonisation

by collision
XX

breakdown

saturation
AN

(ii)

- Electrons are emitted from the cathode by photoelectric effect—<

- The electrons are accelerated towards the anode. X

- As the p.d is increased more electrons are enabled to reach the aner/ger
second- This is depicted as increase in current.

- When all the available electrons per second are reaching the anode, there is
no more increase in current. The current is said to be saturated.

- As the p.d is increased further, the electrons’ kinetic energy is increased until
they are able to ionize the gas atoms on their way. Nl

- The ions so formed move to the cathode while the additional electrons join in
the flight to the anode — This processes of ionization leads to increase in~<
current.

- The knocked—out electrons gain Kinetic energy and produce more ions and
electrons. X

- Eventually, as the p.d is increased, a point is reached at which the current
grows uncontrollably — This is a state of breakdown (avalanche) >~

Yo
Yo

Yo

Yo

Yo

Yo

Yo

Yo

(d)

The upthrust is negligible.

v q 6rnrv

mg mg

6mnrv = mg = £ 7r¥pg ~

MV _  [9x1.8x10°x1.5x10°°
2pg 2x900x9.81x11.2
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= J1.229x102 = 111x10%m— 1
Also %q = mg = 6mnrv ~
q = Exmxnxrvd _ 67x1.8x10°x1.11x10°x1.5x10° ~— 1
Vv 780x11.2
= 6.47x 107 C - 1
Total =20
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