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“Measurement

#—r Key content that you will be examined on:

1. Sl Units
2. Errors and uncertainties
3. Scalars and vectors
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1. Which of the following is a unit of pressure?

A kgms™' B kgm's?
C kgm?s™? D kgm?s'
Helping concepty

Unit of pressure=Nm™ =(kgms?)m?=kgm's?

2. The energy of a photon of light of frequency fis
given by hf, where h is the Planck constant.

What are the base units of h? R
A kgms™ B kgm’s™
C kgm?s? D kgm?s™
Helping concepty

Energy of a photon = hf

Base units of energy =kgm? s

Base units of frequency =s'

. Base units of Planck constant=kgm? s’

. 3. Which of the following pairs of units are both S

base units?

ampere, degree celsius
ampere, kelvin
coulomb, degree celsius
coulomb, kelvin

o oOw >»

Helping concepty

7 Sl base units are ampere, kelvin, mole, metre, sec-
ond, kilogram and candela.

4. Which of the following could be measured in the
same units as force?

1000 Physics mccf with HELPs

Measurement

A energy/distance
B energy x distance
C energy/time Iy !
D momentum x distance
N ]
Helping concepty

Work done = force x distance
work done _ _energy
distance  distance

Force =

5. The following physical quantities can be either

positive or negative.

s: displacement of a particle along a straight line

¢ temperature on the Celsius scale

q. electric charge

V. readings on a digital voltmeter :

Which of these quantities are vectors?

A s 6q V B s4qV
cC oV D sonly
Helping concepty

Only displacement is a vector, while the rest of physi-
cal quantities are scalars.

6. For_ which quantity is the magnitude a resonable
estimate?
A| frequency of a radio wave 500 pHz
B mass of an atom 500 xg
C | the Young modulus of a metal | 500 kPa
D/ wavelength of green light

500 nm

—_—m

By definition, wavelen ¢
' gth of li i
between 400 nm to 700 nm, ght is estimated to be
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Frequently Examined Quesﬁons

Topic 1 Measurement

7. Which pair contains one vector and one scalar
© quantity?

. A displacement : acceleration

: "Q force : kinetic energy
C momentum : velocity
D _power : speed
Helping concepty

Vectors have directions while scalars do not.
A: both quantities are vectors
B: force is a vector while energy is a scalar
C: both quantities are vectors
D: both quantities are scalars

1u o

8. What is the ratio m ?
1Gm '
A 103 ' B 10°°
c 10 D 107"

>

-Helping concepty

1gm _1x10° m_ 4015
- =
1Gm 1x10°m

9. Which experimental technique reduces the sys-
tematic error of the quantity being investigated?

A adjusting an ammeter to remove its zero er-
ror before measuring a current

B measuring several internodal distance on a
standing wave to find the mean internodal
distance

C measuring the diameter of a wire’ repeatedly
and calculating the average

D timing a large number of oscillations to find
a period

Helping concepty

e ——

A zero error is a systematic error,

10. Which quantity has different units from the other
three?

‘f\) density x volume x velocity - &)
B rate of change of momentum -

1000 Physics mc% with HELPs

C the Young modulus x area -~

D weight

_

Helping concepty
Ve 7

Units in A=k—%xm3 xms™ =kgms”™ F
m
kgms™' )

Units in B=-9™ __kgms™
k ms~2

«m? =kgms™

Units in C= g 5
m

Units in D=kgms™

11. The unit of work, the joule, may be defined as the
work done when the point of application of a force
1 newton is moved a distance of 1 metre in the
direction of the force.

Express the joule in terms of the base units of
mass, length and time, the kg, m and s.

A kgm's® B kgm’s?
c kgm?s™ D kgs®
Helping concepty

W=Fxd = [W]=[F]d]

= J=[ma]ld]=kg ms?m=kgm’s~

12. The resistance of an electrical component is mea-
sured. The following meter readings are obtained.

| I
[y

What is the resistance?

A 250 B 270
C 2500Q D 2700Q
Helping concepty
vV _200mV
AR=—= =25
| 048 A e
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i stions
Topic 1 Measurement Frequently Examined (sJué
i illi ,00 mm
13. What is the reading shown on this milliammeter? A 1.0 mm B 1 i
C 1.038 mm D 1.04m
2 4 6
0 2 10 Helping concepty
102X4+1.01=1 02 mm
Mean measurement = ————-5—‘— .
mA
Value of d=1.02-(-0.02) =1.04 mm
C samn o oy ts from which she
nts fro
C. 34 mA D 37 mA 16. A student makes measureme )
—_— : calculates the speed of sound as 327.66 ms™.
Helping concepty She estimates that her result is accurate to 1 3%.

Which of the following gives her result expressed

to the-appropriate number of significant figures?
'\

Each interval is 4—;2: 0.4 mA.

For 3.5 interval, its value is 35x0.4 =1.4 mA. A 327.7 ms" B 328 ms-'
' & 300 ms-'
Measured reading is 2+1.4 = 34 mA. C 330 ms D
Helping concepty
Value of error=327.66x 3%
=983 ms™
14. Errors in measurement may be either systematic ~10 ms™ (1 sig. fig.)

or random.

_ o Speed of sound =330 ms™' (rounded to the same tens
Which of the following involves random error? place as the error)

A not allowing for zero error on a moving-coil
voltmeter

B not subtracting background count rate when
determining the count rate from a radioactive
source . .
_ 17. A metal sphere of radius r is dropped into a tank
C stopping a stopwatch at the end of a race of water. As it sinks at speed v, it experiences a
D using the value of g as 10 N kg™ when cal-

drag force F given by F =krv, i -
culating weight from mass star?t 8 y where k is a con

Helping concepty

What are the SI units of k?
Random error arises when measured value is higher

A kgm?s™ B kgm32s?
or lower than its true value. T o
.C; kgms D kgms™
Helping concepty
F=kv = k=L
15. A micrometer, reading to +0.01 mm, gives the fol- v ,
lowing results when used to measure the diam- — (k]= [F] _kgms~ ~kgm's!
eter d of a uniform wire: [rllv] m.ms™
1.02 mm 1.02 mm 1.01 mm 1.02 mm 1,02 mm
When the wire is removed and the jaws are closed,
a reading of -0.02 mm is obtained.
Which ol the following gives the value of d with 18. An Olvmpi
. ' mpi :
a precision appropriate to the micrometer? 100 n¥ rgc(:a athlete of mass 80 kg competes in a

l 1000 Pbysics WC% with HELPs page 8



an

Topic 1 .Measurement

Frequently Examined Questions

What is the best estimate of his mean kinelic en-
ergy during the race?

4x10°J
4x10%J

A 4x10%J B
C 4x10%y D

Helping concepty
Estimate time to complete 100 m=10 s

100 m

Average speed = =10 ms™'
ge sp 10s

Average K.E.= %mvz - %(80)(10)2 =4x10° J

19. In a simple electrical circuit, the current in a re-
sistor is measured as (2.50 + 0.05) mA. The resis-
tor is marked as having a value of 4.7 Q +2%.
If these values were used to calculate the power

dissipated in the resistor, what would be the per-
centage uncertainty in the value obtained?

A 2% B 4%
C 6% D 8%
Helping concepty

Power P is related to current [ in the resistor of resis-
tance R by

P=IR

Given /=250+0.05mA = AT’=w=2%

2.50
R=47Q+2% = %:2%

. Percentage uncertainty in power P is thus

% - zAT’ + éRﬁ = 2(2%)1 2% = 6%

20. When comparing systematic and random errors,
the following pairs of properties of errors in an
experimental measurement may be contrasted:

error can possibly be eliminated

error cannot possibly be eliminated

: error is of constant sign and magnitude
error is of varying sign and magnitude

: error will be reduced by averaging repeated
measurements

,- error will not be reduced b
peated measurements

Lo

D00

]

Yy averaging re-

1000 Physics mc% with HELPs

Which properties apply 1o random errors?

A P,Q, R, B P,Q,R,
c P,Q,R, D P, Q,R,
Helping concepty
systematic error | random error
A P,
Q Q,
R, R,

21. Argon and neon are monatomic gases. One mole
of argon has mass 40 g and one mole of neon
has mass 20 g.

no. of atoms in 1 mole of argon ,

no. of atoms in 1 mole of neon

What is the ratio

,19 always 1

B always 2

C 1, only if both gases are at the same tem-
perature and pressure

D 2, only if both gases are at the same tem-
perature and pressure

Helping concepty

The number of atoms in one mole of any monatomic
gas is always the Avogadro number (6.02 x 10%).

22. An instrument gives a numerical reading of
0.00160 + 0.00005.

Which statement is correct?

A The actual uncertainty is 5.
B The fractional uncertainty is 5x 1075,

C The fractional uncertainty is %

D The percentage uncertainty is 3%.

Helping concepty

Fractional uncertainty = 0.00005 = S =
Y 0.00160 160 003125
Percentage uncertainty = fractional uncertainty x 100%
=3.125%
= 3°/o

page 9



ly Examined Questions
Topic 1 Measurement Froquently ‘

23. ﬁiztasgedlagram shows three vectors of equal mag- A 161 ms™! B

-1
c 160+04ms' D 1600+036ms

160+02 ms™

In which diagram is the magnitude of the resull-
ant vector different from the other three?

Helping concepty
distance _ 400 _ 4600
A B —/————— Average speed, V= time 550
Av _ad ot _01,005_ 40005
v d t 40 25
= Av =(16.00)(0.0225) = 0.36 = 0.4 (1 sig. fig.)
/
— . v=160+04 ms™
c D
- \ "\ . . .
Helping concepty 26. The power loss P in a resistor is calculated using
— the -formula
The resultant magnitude of the other 3 choices is 1 2
vector arrow. ‘ = -V—

P
R

The uncertainty in the potential difference V is 3%
and the uncertainty in the resistance R is 2%.

i What is the uncertainty in P?
24. A steel rule can be read to the nearest millimetre. '

o,
It is used to measure the length of a bar whose A 4% B 7%
true length is 895 mm. Repeated measurements C 8% D 11%
give the following readings. _—
Helping concepty
length/mm | 892, 891, 892, 891, 891, 892 | —~
e
Are the readings accurate and precise to within R
1 mm?
| 2P 1 100% = 22Y 4 100% + 2B, 100%
results are accurate | results are precise P v R
to within 1 mm to within 1 mm = 2(3%) + 2% ,
A no no =8%
B no yes
C yes no
D yes yes
Helping concepty . 27. Decimal sub-multiples and multiples of units are
- = indicated using a prefi i
Precise readings are close to one another when mea- the prefix millgi) (mg) r;lxrégetr:\te l:m}; For example,
sured. Accurale readings are close to the true values. P § 10%

Which of the following gives the sub-multiples or
multiples represented by pico (p) and giga (G)?

pico (p) | giga (G)
25. In an experiment, a radio-controlled car takes A 10°° 10°
250+0.05 s to travel 40.0+0.1 m. B| 107 102
o 10-\2 109
What is the car's average speed and the uncer- e
tainty in this value? D 10 10"

1000 Physics Wc% with HELPs 5age 10
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Topic 1 Measurement Frequently Examined Questions

Helping concepty ’ When E is measured in electronvolts and / in
nanometres, what is the numerical value of K?
giga | 10° A 3.18x107™ B 3.18x10™
mega | 10° C 1.24x10™" D. 1.24x10°
kilo | 10° ‘ ,
milli 1 1072 Helping concepty
micro | 107
hc
nano | 107° E(eV)=
ico {107 Aom)
pico o he
E(16x107"° J)= —————
[1x10' (m)]/.
£ 1.24>f1'o3
.: A

S
Sebe

28. The dimensions of a cube are measured with ver-
nier callipers.

30. A radio aerial of length L, when the current is /,

30 mm emits a signal of wavelength 4 and power P.
These quantities are related by

P= k/2(£)2

A o~
30 mm . -
where k is a constant.
30 mm oo
What unit, if any, should be used for the constant
The measured length of each side is 30 mm. If k? ' ,
the vemier callipers can be read with an uncer- )
. ) A volt " B ohm
tainty of +0.1 mm, what does this give for the c " ‘6’ .
approximate uncertainty in the value of its vol- wa no. uni ,
ume? .
Helping concepty
1 3
A —% B —%
27 10 i iV
SURIERS-"
1 o . A 1“\L
C 3 ° D 1% 2 [IZR]
o P AT Al
. k=5 || =57 =[R1=9
Helping concepty ‘ . U [’ ]

Since volume V =/, the fractional uncertainty in the
value of volume is given by -

AV Al 0.1
3= =+3(—)=40.01=+1%
(1) | (30) 0.01=+1%

4

31. Which expression could be correct for the velocity
v of ocean waves in terms of p the density of
seawaler, g the acceleration of free fall, h the depth

, _ of the ocean and 4 the wavelength?
29. The relation between the energy £ of a photon -
and its wavelength } is A/ \/97 B %
E=lt .
2 9

c h D,
where K is a constant. -

1000 Physics mc% with HELPs ' page 11



Topic 1 Measurement

Topic | Measurement

Frequently Examined (s uestions

Helping concepty

The units for each of the quantities are given below.

quantity units

Jar \/(ms'z)m =ms™'

g JTT\S‘2 =s_|

h m
LI
pgh | Jkgm2ms2m =kg2m 25"
) 1
_g_ \/ms-a =kg 2mzs—1
1 kgm

Hence, only quanlily /g; has the same units as that

of velocity v.

32. The manufacturers of a digital voltmeter give, as
its specification,

‘accuracy * 1% with an additional uncertainty of £10 mV'.

The meter reads 4.072 V.

How should this reading be recorded, together
with its uncertainty?

A (4.07x001)V . B
C (4.072+0.052)V D

(4.07+0.04) V
(4.07 +£0.05) V

Helping concepty

Uncertainty, AV =(4.072x1%+10 mV)
=0.0572
=0.05V (1 S.F.)

~ V+aV =(4.07+0.05)V

.where decimal places of V and AV are the same, in

the hundredth decimal place in this case.

33. A mass of a liquid of density p is thoroughly
mixed with an equal mass of another liquid of
density 2p. No change of the total volume oc-
curs.

What is the density of the liquid mixture?

4 3
A '5/’ B 2/?
5
c 3P D 3p

1000 Physics mctﬁ' with HELPs

R ———

Helping concepty

—_——

Total volume, V =V;+V; = o 2p

Total mass, M =my+my =2M

‘ . M 2m _ 2m = i,)
Final density, p= v V,i+V, m,.m 3
p 2p

34. A student uses.an analogue vollmeter to mea-
sure the potential difference across a lamp. The
vollmeter is marked every 0.02 V but has a zero
error of 0.08 V. The student is not aware of this
zero error and writes down a reading of 2.16 V.

Is the reading accurate and is it precise?

accurate | precise
A no no
B no yes
Cc yes no
D yes yes
Helping concepty

0.08
216

% systematic error is x100% = 3.7%.

It is accurate as the systematic error is small (i.e. close
to the true value).

It is precise as the random error is small (i.e. 0.02 V).

'35. A student attempts to measure the diameter of a

steel ball by using a metre rule to measure four
similar balls in a row.

' ;
X Y

The student estimates the positions on the scale
to be as follows.

X (1.0£0.2) cm
Y (6.0%£0.2) ecm

Whal is the diameter of a steel b

\ ' all together with
its associated uncertainty?

page 12
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Topic 1 Measurement

Frequently Examined Questions

(1.0£0.1) cm
(1.0+0.24) cm

A (1.0£005) cm B
c (1.0£02) cm D

Helping concepty

The diameter of a steel ball x4 = (50+0.2)-(1.0£0.2)

=(4.0+04)cm

4~__°j°-4 =(1.0£0.1) cm

. Diameter of a steel ball =

36. The e.m.f. induced in a coil by a changing mag-
netic flux is equal to the rate of change of flux with
time. '

Which is a unit for magnetic flux?

\_97 kgm?sZ2A~ B
C kgms?A™ D

kgm?s2 A
msZ2 A~
Helping concepty

Magnetic flux, ¢ = BA

where B is the magnetic flux density and Ais the Cross-
sectional area.

- [91=1B1IAI= [ ][A] u[ﬂ][ ]_l[r;v]][[e;ll]
) kgAn.l;- m? =kgm?s A"

37. Which estimate is realistic?

A The kinetic energy of a ‘bus travelhng on an
- expressway is 30 000 J.

B The power of a domestic light is 300 W.
C The temperature of a hot oven is 300 K.
p The volume of air in a car tyre is 0.03 m?,

Helping concepty
Option A: KE of bus = X 2

=S (10%)(20)?
=20x10% J

ml—nro

Option B: Power of light bulb ~ 20 W

Option C: 300K =27 °C = room temperature

1000 Pbysics m“f with HELPs

Estimate thickness of tire
=020m

Option D:

Volume of tire = [#(0.50)° - 7(0.40)2 x (020)
=0.057 m*

o,

38. Two solid substances P and Q have atoms of
mass M, and M, respectively. They have N, and
N, atoms per unit volume.

It is found by experiment that the density of P is
greater than that of Q.

Which of the following deductions from th|s ex-
\ periment must be correct?

A M>Mq B Np>Ng
M

' C. MpNp>MgNy D Me Mo

T Np NO

Helping concepty

Density of P = MpNp

Density of Q= MgNg

Since density P > density Q,
M.N, > MN,

39. The diagram shows two pulses on the screen of
a cathode-ray oscilloscope. A grid of 1 cm squares
covers the screen. The time base setting is

1uscm™, N

How long does each pulse last?

page 13



Topic | nMeasurement

Frequently Examined (;Juestions

A \\' 2 us B 3us
I
C  4us D 6us

Helping concepty

Duration of pulse is equal to 2 squares,

1

ie. 2ecmx1uscm™ =2 ys.

40. A boat changes its velocity from 8 ms-' due north
to 6 ms™ due east.

What is its change in velocity?

A 2 ms™ at a direction of 37° east of north
B 2 ms™ at a direction of 53° east of north
C 10 ms™ at a direction of 37° east of south
D 10 ms™' at a direction of 53° west of south

Helping concepty

Change in velocity,

b Z

AV =V, -V,
=V +(=V) W

|av]= Y62 +82 =10 ms™’

tan(I:% - 0=37°

41. The equation connecting object distance wu, im-
age distance v and focal length f for a lens is

1

—_—t—=—

u v [

A student measures values of u and v, with their
associated uncerainties. These are

u=50 mm+3 mm,
v=200 mm+5 mm.

1000 Physics Wc% with HELPs

He calculates the value of f as 40 mm.

What is the uncertainty in this value?

A +2.1 mm B +3.4mm
C +45mm D +6.8mm
Helping concepty

11,1

f u v

Af _Au, Av

f u v

af 3.5

40~ 50 200

Af-=3.4 mm

Uncertainty aAf is usually left to 1 significant figure, i.e.
3 mm. .

42. Four students each made a series of measure-
ments of the acceleration of free fall g. The table
shows the results obtained.

Which student obtained a set of results that could
be described as precise but not accurate?

student results, g/ms

A 9.81 979 9.84 983
B 9.81 10.12 9.89 8.94

c 9.45 9.21 899 8.76
D

8.45 846 850 8.41

Helping concepty

A small spread of the measurements in an experiment
is said to be precise. On the other hand, the set of
results is not accurate if the measured mean value
deviates loo far from the true value, for example, if the
systematic error associated with the experiment is too
large.

Acceleration of free fall, g=981ms=2

student | Max. deviation mean of the set
=max. value - min, value | of value
A 9.84-9.79 =0.05 9.82
B 10.12-8.94=1.18 9.69
(o 9.45-8.76 = 0.69 9.10
D 8.50-8.41=0.09 8.46

Hence, set of values measured by student D can say
to be precise but not accurate.

page 14
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Frequently Examined Queslions

Topic 1 Measurement

43. A quantity x is measured many times and the
number N of measurements giving a value.x !s
plotted against x. The true value of the quantity is

X,.
0
Which graph best represents precise measure-

ments with poor accuracy?

A , B .
| s
N ! N i
= !
5 :
):0 X Xo X
c i D :
! |
N - NE ’
i/\ /\
X, x Xo x
Helping concepty

A small spread of the measurements is said to be pre-
cise. However, the results are not accurate if the mea-
sured mean value deviates too far from the true value.

44, An object of mass 1.000 kg is placed on four dif-
ferent balances. For each balance, the reading is
taken five times.

The table shows the values obtained together with
the means.

Which balance has the smallest systematic error
but is not very precise.

balance | 1 2 3 4 5" | mean/kg

A 1.000 1.000 1.002 1.001 1.002 | 1.001
B 1.011 0.999 1.001 0.989 0.995| 0.999

C 1.012 1.013 1.012 1.014 1.014| 1.013
L D 0.993 0.987 1.002 1.000 0.983| 0.993

Helping concepty

A small systematic error occurs when all readings are
consistently higher or lower than true value.

Not precise readings means there are a spread of
readings about true value. The spread for banlance B
is more than balance A.

1000 Phipsics W/c? with HELPs

45. The density of the material of a rectangular block
was determined by measuring the mass and lin-
ear dimensions of the block. The table shows the
results obtained, together with their uncerainties.

mass = (250+0.) g
length = (5.0040.01) cm
breadth = (200+0.01) cm
height = (100 +0.01) cm

The density was calculated to be 2.50 g cm™.

What was the uncertainty in this result?

A +0.01 gcm® B +£0.02 gcm?

C +005gcm?® D +013gcm?
Helping concepty

mass _ mass
volume lengthxbreadthxheight

Density =

AD

—=(

4 0.1 . 0.01 N 0.01 i 0.01)= +0.021
D 250 5.00 200 100

-. Uncertainty, AD = +0.021x 2.50 = +0.0525

46. The resistance R of an unknown resistor is found
by measuring the potential difference V across
the resistor and the current / through it and using

the equation R =%. The voltmeter reacting has

a 3% uncertainty and the ammeter reading has a
2% uncertainty.

What is the uncertainty in the calculated resis-

tance?
A 1.5% B 3%
C 5% D 6%

Helping concepty

p=Y
]

Given AV—Vx 100% = 3%

% % 100% = 2%

AR AV Al

—_— = — —

R v /

= AR 100% =2V x100% + & x 100%
R PV /

=3%+2%
=5%

page 15



Topic 1 Measurement

Frequently Examined (s Juestions

47. Two pulses are displayed on the screen of a cath-
ode-ray oscilloscope. The grid markings indicate
intervals of 1 cm on the screen.

When the time base is set at 0.50 mscm™', the
screen display is as shown in P.

P Q

What time base setting is needed to make these
pulses produce the display shown in Q?

A 020mscm™ B 1.00mscm™
C 1.25mscm’ D 250mscm™’
Helping concepty
Period of pulse in P=050x5=250ms

Time setting = 2_25 =1.25mscm”

48. Calibration curves showing the variation with po-

tential difference V of the deflection @ of the
pointer of four different voltmeters are given be-
low.

Which meter gives the largest angular change per
unit potential difference at 2.5 V?

B 60
el
30
0
0 1 2 k] 0 1 2 J
viv VIV
D w
8i°
k)
0
0 1 2 3 0 1 2 k]

vIv viv

A 60

é1°
30
' 0
C 60

er
£
0

Helping concepty

The gradient at 2.5 V of graph D is the greatest.

1000 Pbysics mccf with HELPs

49. A projectile is fired at an angle a to the horizon-
tal at a speed u, as shown.

What will be the vertical and horizontal compo-

nents of its velocity after a time t? Assume that air

resistance is negligible. The acceleration of free

fall is g.
vertical component horizontal componept
A usina ucosw ,:'
B usina,- gt ucosu —gt
C usina - gt ucosw
D ucosu usina - gt

Helping concepty

Horizontal component of velocity remains unchanged
after time t, ucosa.

Vertical component of u after time t is

v=u+at?
=usina +(-g)(1)

50. A student measures the time t for a ball to fall
from rest through a vertical distance h. Knowing

that the equation h=%gt2 applies, the student
plots the graph shown.

Which of the followin

va T

0 1

g is an explanation for the

intercept on the t axis?

A

Air resistance has not been taken into account
for larger values of A

Therg is a constant delay between starting’
the timer and releasing the ball, '

page 16
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Topic 1 Measurement

C There is an error in the timer that consistently
‘makes it run fast.

D The student should have plotted h against (%,

Helping concepty
The student starts timing before the ball is dropped.

51. In an experiment to determine the acceleration of
free fall g, the period of oscillation T and length
¢ of a simple pendulum were measured. The un-
certainty in the measurement of ( was estimated
to be 4% and that of T, 1%.

The value of g was determined using the formula

_ 4%

-
What is the uncertainty in the calculated value for
g?
A 2% B 3%
C 5% D 6%

Helping concepty
{
g« 7

= uncertainty in calculated value for g

= uncertainty in measurement of ¢
+ (2 xuncertainty in measurement of T)

= 4% +2(1%)
=6%

52. In an experiment to measure the viscosity 5 of a
liquid, the following equation was used.

2
f’=kL
v

where r=(0.83£0.01) mm,
v=(0.065+0.002) ms-',
k is a constant of value 93.7 Nm-?,

How should the value of ;; be expressed? ‘
A (9.9310.54)x10™ Nsm™

B (9.9+0.6)x10™ Nsm™

C (9.93+0.42)x10™* Nsm™

D (9.9+0.4)x10™ Nsm=2

1000 P‘)psics mc? with HELPs

Helping concepty
(93.7)(0.83x 107)?

= =9.9308 x 1073 -2
" 0.065 L
An _ o Ar L AV
N roov
Al _,(001) (0.002)

(9.9308x10™*)  (0.83) (0.065)
Ap=054x10"" Nsm™
= 06x10™ Nsm™ (1 s.1.)

Looking at the choices; the best answer is (B).

53. Potential differences may be compared by using
a potentiometer, with a galvanometer as an indi-
cator. The potential differences are adjusted until
the galvanometer reads zero. This is an example
of a null method.

Which statement about null methods is incorrect?

A Null methods are most suitable for the mea-
surement of rapidly varying quantities.

B Null methods can give only relative, and not
absolute values.

C The indicator in a null method need not be
calibrated.

D The indicator in a null method need not have
a linear response.

Helping concepty

Null methods can be used to make measurements
based on comparisons with a known, reference value.
For this reason, null methods are not the most suitable
for the measurement of rapidly varying quantities as
the adjustment of the potential differences may not be
made rapidly enough for the comparisons to be made.

54. The Y-input terminals of an oscilloscope are con-
nected to a supply of peak value 5.0 V and of
frequency 50 Hz. The time-base is set al 1‘0.ms
per division and the Y-gain at 5 V per division.

Which trace could be obtained?

A-[A[AA7 8 //\ A
VAV
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56. A picture frame is hung by a cord from a nail.

Helping concepty

L _ 1 _002s=20ms
frequency 50

Period =

=one complete cycle of the trace should occupy 2 .
divisions since the time-base is 10 ms per division. Which vector triangle represents the resultant R

o tension forces T in the cord?
The amplitude of the trace should occupy 1 division of the two _ :

since the peak value is 5.0 V and the Y-gain is 5 V

per division.
A
55. The following trace is seen on the screen of a
cathode-ray oscilloscope.
c

The setting of the time base is then changed from

10mscm™ to 20mscm™ and the Y-sensitivity is

unaltered. Helping concepty

Which trace is now seen on the screen? This is the sum of vectors where the end of the second

vector follows the arrow head of the first vector.

A B ; N
T The magnitude and direction of the individual vectors
A1 do not change during the addition process.
1 The resultant vector is the end of first arrow to the
‘Tt Y > arrow head of the second vector.
c D
. \ d ’
: 57. A Ijght meter measures the intensity / of the light
Iallmg on it. Theory suggests that this varies as
the inverse square of the distance d.

Helping concepty /‘

For time base of 10mscm™, the period is 4 x 10 _ D"gm meter

=40 ms. \\\
This period of 40 ms under a time base of 20 mscm™' 1

will occupy 2 squares for each wavelength. :

1000 Phpsics mc% with HELPs page 18
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Topic 1 Measurement

Frequently Examined Questions

Which graph of the results supports this theory?

Al B !

% P % d
c D !
0

QNI -

elping conceptx;

1

Inverse square of distance d = —3
dz

, Intensity, | ;—2 = /= k(dlz) which is of the form
y=mx+c where y-intercept ¢=0, when a graph of

is plbﬁed.

1
I and ?

58. An object falls freely from rest and travels a dis-
tance s in time t. A graph of 12 against s is plotted
and used to determine the acceleration of free fall
g

t? L0

0 2 oud
0 ' ]

The gradient of the graph is found to be 0.204
sz m™.

Which statement about the value obtained for g
is correct?

A It is accurate but not precise.

B It is both precise and accurate.
C It is neither precise nor accurate.
D It is precise but not accurate.

1000 Physics m“f with HELPs

Helping concepty
s=ut+Lar?
2

As u=0 (falls freely from rest),

s=%gl2 = (2= (g)s

. 2_.0204 = gradient, g=-980ms? which is
g

close to true value of 9.81 ms=2. The value of calcu-
lated g is accurate.

-

As the plotted points aré distributed about best fit line,
it is not precise.

59. In an experiment, the width w and the thickness
x of a metre rule are to be measured as precisely
as possible using normal laboratory apparatus.

PR ‘ thickness x

Which combination of instruments is most appro-
priate for these measurement?

measurement of w measurement of x

half - metre rule half - metre rule
half - metre rule
vernier calipers

vernier calipers

vernier calipers
half - metre rule
micrometer screw gauge

OO o>

Helping concepty

As the width w is of a few centimetres, a vernier cali-
pers is suitable, The thickness x is of a few millimetres,
a micrometer screw gauge is appropriate.

60. An oscilloscope display consists of two separate
traces, a waveform and a long horizontal line. The
horizontal line may be taken as the zero level.

The grid on the screen is calibrated in cm squares,
the timebase setting is 2.5 ms cm™', and the Y-
sensitivity is 5 mV cm™'.
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-4 —
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-

T T 1T TTT

What are the period and the peak positive volt-
age of the waveform in the diagram?

period/ms | peak positive voltage / mV
A 5 17
B 5 25
Cc 10 17
D 10 25

Helping concepty

Period=4cmx25msem™ =10 ms

Peak voltage as measured from the zero horizontal

line upwards =~ 3.4 cmx5mV cm™

=17 mV

61.

A wire of uniform circular cross-section has diam-
eter d and length L. A potential difference V be-
ilween the ends of the wire gives rise to current
l'in the wire.

The resistivity p of the material of the wire is
given by the expression
_ rd*v
aLr -

In one particular experiment, the following mea-
surements are made. v

d=1.20+0.01cm

I=1.50+0.05 A

L=100t1cm

V=50+01V

Which measurement gives rise to the least un-
certainty in the value for the resistivity?

A d B |
cC L D Vv

1000 Physics ch} with HELPs

Helping concepty

% uncertainty of each measurement,
Ad | 100% = 0.83%
d

AT’ %« 100% = 3.3%

élL_ % 100% = 1.0%

A_V‘i x100% = 2.0%

V AL Al
However, M=2M+é._+_.+_

p d V L I’

Uncertainty due to 2%—"x 100% = 166% is greater than

ATLX100%=1%.

. Uncertainty of ATLme% in equation is the least.

pPage 20
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1. Rectilinear motion
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1. Which feature of a graph allows acceleration to
be determined?
A the area under a displacement-time graph
B the area under a velocity-time graph
C the slope of a displacement-time graph
D the slope of a velocity-time graph

Helping concepty

Fact. The gradient (or slope) at a point of a velocity-
time graph equals to the acceleration at that point.

2. A caris travelling with uniform acceleration along
a straight road. The road has marker posts every
100 m. When the car passes one post, it has a
speec of 10 ms™' and, when it passes the next
one, its speed is 20 ms™'.

What is the car's acceleration?

A 0.67 ms? B 1.5 ms??
C 25 ms? D 6.0 ms?
Helping concepty
v? =u? +2as
2 2 2 2
a=v -u =20 -10 —1.5ms2
2s 2x100

3. A motorist travelling at 10 ms™' can bring his car
to rest in a distance of -10 m,

It he had been travelling at 30 ms™', in what dis-

tance could he bring the car to rest using the same
braking force?

A 17m B 30m
C 52m D 90m
Helping concepty
v2 =u? + 2as

0 = 102 +2(a)(10) _102 2
= = a—E-—SmS ""(1)

1000 Physics Wa% with HELPs

Kinematics

0=30% +2(a)(s)----(2)
Subst. (1) into (2):
0=302+2(-5)(s) = s=90m

4. A tracing car accelerates uniformly through three
gear changes with the following average speeds:

20 ms™!' for 2.0 s
40 ms™' for 2.0 s
60 ms™' for 6.0 s

What is the overall average speed of the car?

A 12 ms™ B 13.3 ms™'
C 40 ms™! D 48 ms™'
Helping concepty

Overall average speed of the car is

total distance travelled _ (20)(2.0) + (40)(2.0) + (60)(6.0)
total time taken 20+20+60

=48 ms™’

5. An experiment is done to measure the accelera-
tion of free fall of a body from rest.

Which measurement are needed?

A the height of fall and the time of. fall

B the height of fall and the weight of the body
C the mass of the body and the height of fall
D

the mass of the body and the time of fall

Helping conu epty

1 .2
S=ut+—at
2

Since the body is dropped from rest, u=0.
To find a,
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Hence, displacement s and time ! are required.

6. A motorist travelling at 10 ms™' can bring his car

to rest in a braking distance of 10 m.

In what distance could he bring the car to rest
from a speed of 30 ms™' using the same braking

force?
A 17 m B.30m
€ 52m D 90m
Helping concepty

Given v=10 ms™', s=10 m and v=0 ms™.
v2=u®+2as

- 0=10%+2(a)(10) = a=-5ms™?"

New scenario: u=30ms™
' v=0 ms™!
a=-5ms?

-~ 0=302+2(-5)s = s=90m

7. A stone is dropped from the top of a tower of height
40 m. The stone falls from rest and air resistance

is negligible.
What time is taken for the stone to fall the last
10 m to the ground?

A 038 s B 14s
C 25s D 29s
Helping concepts
_ 1 .2
s=ut+—=at
2

For u=0, s=40 m, a=9.81 ms?,
40=O+—;-(9.81)!,2 = {,=286s

For u=0, s=30 m, 2a=9.81 ms?,
30=O+%(9.81)122 = 1, =247 5

Time difference (t, -t,)=2.86-2.47
=038s

1000 Physics mc% with HELPs

8. A racing car of mass 500 kg, including driver bul
nol fuel, decelerates from a speed of 50 ms™' (o
30 ms™' when approaching a bend.

The brakes exert a fixed retarding force of 7000 N,

The time for the car lo decelerate when it is al-
most out of fuel is . The time for it to decelerate
when it has a full load of 130 kg of fuel is .

What is the difference (f,-1) in the times?

A 037 s B 056 s
C 093s D 143 s
Helping concepty
Using a=f anda=Y"Y,
m t
F_v-u _ 7000 50-30 _ ;43¢
m 4 500 8
F_v-u 7000 _50-30 _, , ~1.80 s
m 500+130 t,

. Difference (t, -t;) =037 s

9. The graph relates to the motion of a falling body.

0

0 time
What could y represent on the vertical axis?
A distance when air resistance is negligible
distance when air resistance is not negligible

B
C speed when air resistance is negligible
D speed when air resistance is not negligible

Helping concepty

As a body undergoes free fall, its speed increases lin-
early with time if there is no air resistance. If air resis-
tance is not negligible, its speed increases with de-
creasing gradienl until terminal velocity is reached.

-

10. In the absence of air resistances, a stone is thrown
from P and follows a parabolic path in which the
highest point reached is T.
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T

The vertical component of acceleration of the
stone is

A zero at T.

B greatest at T.

C greatest at P,

D the same at P as at T.

Helping concepty

For such a projectory path described by a stone thrown
into the air, the vertical component of the acceleration
is always the acceleration of {ree fall, g, taken as
9.8 ms™?, towards centre of Earth.

Thus, vertical component of acceleration at point P is the
same as that at point T and is equal to g.

11. A boy throws a ball vertically upwards. It rises to
a maximum height, where it is momentarily at rest,
and falls back to his hands.

Which of the following gives the acceleration of
the ball at various stages in its motion? Take
vertically upwards as positive. Neglect air resis-

tance. ~

rising at max. height falling
A |-981ms™ 0 +9.81ms ™
B|-981ms? -981ms? -981ms=2
C|+981ms? +981ms?  +981ms=2
D |+9.81ms™ 0 -9.81ms™

Helping concepts

Acceleration is constant at value of 9.81 ms= for free
fall without air resistance, in downwards direction only,

12. A ball falls vertically and bounces on the ground,

The following statements are about the forces
acting while the ball is in contact with the ground.

Which statement is correct?

A The force that the ball exerts on the ground
is always equal to the weight of the ball.

1000 Pbysics mc% with HELPs

’ round
\/B/The force that the ball gxerts OZ g‘;pogsite <
is always equal in magnitude an

s on the
direction to the force the ground exe
el round
C The force that the ball exerts'o:t tohlethge -
is always greater than the weig o
D The weight of the ball is always eq:aexerts -
opposite to the force that the groun

on the ball.

Helping concepty

Newton's third law of motion states that if bodfy Aee;e;tz
a force F on body B, then body B exelrts a forc -
body A of the same magnitude, but in the opp
direction.

13. The diagram shows a velocity-time graph fqr a
mass moving up and down on the end of a spring.

Which point represents the velocity of the mass
when at the lowest point of its motion?

UP

velocity D/
0 B :

0 ~—

DOWN c

Helping concepty

At the lowest point of sim

. . ple harmonic motion of a
spring, velocity = Q,

Itis on the verge of moving up.

14. A projectile is launched at point O ang follows the
path OPQRS, as shown, Air resistance -
neglected. may be

Which statement js

\ : rue for the
IS at the highest point Q of its

A The horizontal ¢q N
acceleration g zero, he Projectile’s

Projectile when iy
path?

mponent of t
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B The horizontal component of the projectile's
velocity is zero.
C The kinetic energy of the projectile is zero.

D The momentum of the projectile is zero.

Helping concepty

At the highest point Q, the vertical component of speed
is zero. The horizontal component of speed is non-
zero. This means kinetic energy and momentum at Q
is non-zero.

There is no horizontal acceleration in projectile mo-
tion.

15. Which graph represents the motion of a car that
is travelling along a straight road with a uniformly
increasing speed?

acceleration acceleration
A A B T
0o ob—>
0 time 0 time
displacement disolacement
c 4 D A
——) 0
0o time 0 time
Helping concepty

A uniformly increasing speed means the air is accel-
erating at a constant value (v=u+ at).

16. An object has an initial velocity u. It is subjected
to a constant force F for t seconds, causing a
constant acceleration a. The force is not in the
same direction as the initial velocity.

A vector diagram is drawn to find the final velocity
V.

1000 Physics m"? with HELPs

What is the length of side X of the vector dia-

gram?
A F B Ft
c at D u+at
Helping concepty
From the vector diagram,
X=v-u
For constant acceleration,
v=u+at
v-u=at
X =at

17. The diagram shows a velocity-time graph for a
car.

t/s

What is the distance travelled between time t=0
and t=4 s?

A 25m
C 20m

B 30m
D 28 m

Helping concepty

Dislance travelled = area under the graph
= 1(2+12)(4)
=28m

18. A man stands on the edge of a cliff. He throws a
stone upwards with a velocity of 19.6 ms-' at time
t=0. The stone reaches the top of its trajectory
after 2.00 s and then falls towards the botton of
the cliff. Air resistance is negligible.

Which row shows the correct velocity v and accel-
eration a of the stone at different times?
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s ] vims™' | a/ms2
(A100| 981 | 9a1
B|200| o 0

C(3.00 9.81 -9.81
(D |500| -29.4 | —gg1

Helping ccm?ef.)ty

ppward velocity of +19.6 ms™' means the convention
IS upwards direction is taken to be positive.

Acceleration due to gravity will be -9.81 ms-2
times.

At t=3.00 s,

, at all

V=u+at
=196+ (-9.81)(3)
=-981ms™
Al t=5.00 s,
v=u+at
=196 +(-9.81)(5)
=-29.4 ms™'

19.; The graph shows the variation with time t of the
velocity v of a bouncing ball, released from rest.
Downward velocities are taken as positive.

At which time does the ball reach its maximum
height after bouncing?

|
BC D /\

v
.

v

>

o
-

Helping concepty 1,2@:;%&“'

Al maximum height, the velocity of the ball is zero.

20. A tennis ball is released from rest at the top of a
tall building.

Which graph best represents the variation with
time t of the acceleration a of the ball as it falls,
éssuming that the effects of air resistance are ap-
preciable?

1000 Physics WC? with HELPs

A 3 B a
| | | a&
. 0 :
0 5 7 0 t

Helping concepty

The ball will eventually reach terminal velocity from a
tall building. This means there will be no net force and
hence no net acceleration, as time is large.

21. The graph shows the variation with time t of the

displacement s of a vehicle moving along a -
straight line.

0

R =
° B T D !
During wh{ch time interval does the acceleration
of the vehicle have its greatest numerical value?

Helping concepty

a= ﬂ = i(ﬁ)
ar  dtat

The gradients for B, C and p are constant, j.e ds

o is
constant. Hence a=0 for all except A

resultant force on the
lion shown?




Topic 2 Kinematics Frequently Examined Questions

24. A train travelling at 2.0 ms™' passes through a

ball
D station. The variation with time t of the speed v of
path of ball LA AR the lrain after leaving the slation is shown below.
> .
4" -1
- 8 vims
S\ ; )
10
« Helping concepty 8
Al the highest point of projectile, there is a resistive 6
force acting opposite to the motion of ball. The force
is to the left. 4 i
There is also a gravitational force, i.e. the weight of 2
ball.
resistive force 00 10 20 30 40 SO (/s
What is the speed of the train when it is 150 m
from the station?
esultant force - -
resu d weight A 6.0 ms™ B 8.0 ms”'
C 10 ms™ D 12 ms”
Helping concepty
Acceleration of train = gradient of graph
23. A motorcycle stunt-rider moving horizontally takes _4-2
off from a point 1.25 m above the ground, landing 10-0
10 m away as shown. =0.2ms>

Using v? = u® + 2as,

v2 = 22 4 2(0.2)(150)

v=80ms"'
10m

What was the speed at take-off?

A 5 ms” B 10 ms™'

C 15 ms™ D 20 ms-' 25. The velocity of an object during the first five sec-
—_— onds of i ion i )
Helping o of its motion is shown on the graph
Take off speed consists only of horizontal component 20 T o anas
of speed. T b T

s 10 velocity/ms™'
ust=g (1) 15 F
. To find time taken f, ]
s=ut+laf? 18 1}- =
2 L
s -1.25=0+ %(-9.81)(’
t=0.50s g T
‘ . .10 -1
Subst. tinto (1); u=—=20ms
0.5 6 !
0 1 2 3 4 5

time/s

1000 Pbysics mc% with HELPs page 27
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. a, his vertical
What is the distance travelled by the object in this Which graph best represents how he first 5 s
time? acceleration varies with time t during the
of his descent?
A 4m B 20 m
C 50m D 100 m al aj
FF AN A B
Helping concepty
Distance travelled = area under the graph '
- 1(5)(20) oF——% T2 s
=50m t's Vs
aj a)
c D
26. A table-tennis ball is released in air and falls ver- f
tically. The graph shows how its velocity varies 0—3 3 or— 5
with time. : t/s t/s
velocity
- lHelping concepty
The parachutist undergoes free fall motion for an ini-
tial 2 seconds, then experiences a sudden greal retar-
dation when he opens his parachute, follows by de-
scending with constant terminal velocity. :
0
0 time

Which graph best illustrates the variation with time
t of its acceleration a?

A 28. Which graph shows how the distance d fallen
d

B a _varies with time t for'a body falling from rest
through' air? .
A d B d
¥,
{

—_

Helping concepty

0 g
0 —
The acceleration (gradient of velocity-time graph) is !
decreasing but not zero, at the end of the graph. ||Ic||)inoconcepty
-]
From s=u!+lat"’,
2 -~
. . , d=—at? as.u=0. .
27. A parachutist steps from an aircraft, falls without 2
air resistance for 2 s and then opens his para- . 4.2 .
Soaxt® - aquadr
ahilite. q atic curve

1000 Physics Wc%‘ with HELPs pcgé 28
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Frequently Examined Queslions

29. A steel ball is held above a horizontal table and
released so that it falls onto the table and rebounds

several times.

If the collision are inelastic, which graph best rep-
resents the variation of acceleration a of the ball

with time (?

A a - B a

S

Helping concepty

If collisions are inelastic, the time of flight decreases
successively after each collision. However, the accel-
eration of free fall remains the same during the as-
cending and descending motions. But the steel ball
suffers tremendous deceleration and acceleration
during impact onto the table since energy is lost dur-
ing the collision.

30. A small steel ball falls freely under gravity after
being released from rest.

Which graph best represents the variation of the
height h of the ball with time: #?

/ 0
0 t 00 t
C b D h
0
0 [ 00 ’

1000 Physics mc? with HELPs

Helping concepty

It h, is the initial height of the ball above ground and
g |s the acceleration of free fall under gravity, variation
of height of the ball with time is then given by

1 2
—h=ut+—gt? ==gt*
ho +29 9

since the ball is released from rest and u=0.

h

ie. h=h0—%gtz which is hy

. best described by graph A.

31. A student measures the time t for a ball to fall

from rest through a vertical distance h. Knowing
that the equation h=at® applies, the student

plots the graph shown.

Jh

" -

t

Which of the following is an explanatlon for the
intercept?

A Air resistance has not been taken into account
for larger values of h.

B There is a constant delay between starting
the time and releasing the ball.

~ C There is an error in the timer that consistently
makes it run fast.

D The student should have plotted h against t2.

Hclpingconcepty

By h=%a?2. Jh s directly proportional to t. A plot

should give a straight line graph passing through the
origin. The actual graph does not pass through the
origin shows that there is a delay between releasing
the ball and starting the timer.
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32. A steel ball is released from rest a distance above
a rigid horizontal surface and is allowed to bounce,

Which graph best represents the variation with
time t of acceleration a?

A, B,
| .

Ca DB
4 0 |

Helping concepty

Whenever the ball is not in contact with the surface,
its acceleration equals the gravitational acceleration.
When it is in contact with the surface, its acceleration

depends on the force exerled by the surface on the
ball.

33. The diagram shows a velocity-time graph for a
particle moving along a straight line.

10
velocity/ms™

0 T T T T T
0 5 10 15 20 25

time/s

What is the displacement of the particle between

0 s and 25 s?
A 90 m B 120 m
C 130 m D 150 m

Helping concepty

Displacement = area under graph
= (2x5)+ 3(25-5)(2+10)
=130 m

1000 lesics ch, with HELPs

Frequently Examined (s)uestions

34, A cyclist accelerates down a hill and then lrgvels
al constant speed before decelerating as he climbs
back up another hill.

Which graph shows the variation with time t of the
distance s moved by the cyclist?

s s

Helping concepty

When the cyclist accelerates down the hill, his speed
is increasing. This means that the gradient of distance-
time graph (i.e. speed) is increasing as time increases.
When the cyclist travels at constant speed, the gradi-
ent of distance-time graph is constant and non-zero.
When the cyclist decelerates, his speed is decreasing.
This means the gradient of distance-time graph is
decreasing as time increases.

35. The graph shows the velocity of a racing car
changes with time.

velocity \

0

0 ‘ e
time

Which statement describes the acceleration?

A A conslant positive accleration is followed by

an acceleration increase and then a:negative
acceleration,
The acceleration increases positively in the
first two sections and then decreases to zero.
The acceleration is positive at the start, in-
creases, then decreases to zero.

D The acceleration slarts

from zero, increases,
then decreases to zero
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Helping concepty

Thé gradient of the velocity-time graph is the accelera-
tion.

The acceleration is positive from the start to the end,
before it goes to zero.

The gradient, i.e. the acceleration is the steepest al
the middle of the time of graph.

36. An object is projected with velocity 40 ms™' at an
angle of 45° to the horizontal. Air resistance is

negligible.

height

40 ms™

45°
0 time

What is the speed of the object after 5.0 s?

A 21 ms! B 28 ms'
C 35 ms? D 49 ms
Helping concepty
X Y
a 0 -9.81
s Sy sy
t 5.0 50
u [ 40cos45° | 40sin45°
v | 40cos45° v,
To find v ;
v, =u, +at
= 40sin45° +(-9,81)(5)
=-20.8 ms™'

Resultant speed = y/(40cos45°)? + (~20.8)
=35ms™’!

37. A ball is thrown vertically upwards ang returns

along the same path. The graph sho
height varies with time. P ws how its

1000 Phpsics chﬁ' with HELPs

height

time

Which velocity-time graph describes this motion?

ocily B velocily
upwards upwards
0

time time

i\

—_

ve!OCIIy
upwards

velocily
upwards

time time

Hclpmg concepty

For the ball in free fall, there is a constant accelera-
tion, i.e. 9.81 ms™. Hence, the gradient of the velocity-
time graph must be constant and the graph must there-
fore be a straight non-horizontal line (a verical line
has an infinite gradient value).

38. A electron enters the space between two parallel
charged plates with an initial velocity u.

T+

I

While in the electric field its direction changes by
30° and it emerges with a velocity v. What is the
relation between v and u?

g u
A _v=
\/ cos30° B

V=

v = ucos30°

D v=usin30°

u
sin30°

Helping concepty

The initial velocily in the x-direction remains un-
changed.

vecos30° =y
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39. An object is dropped from a great height so that
air resistance becomes significant,

Which graph shows how ils acceleration varies
with time?

acceleration K

time

acceleration
g
llme
acceleration
QV\
acceleration t\

Helping concepty

When object is first dropped, its net force is due to its
weight only. At t=0, acceleration equals to g.

time

time

* At terminal constant velocity, there is no resultant force.

This means acceleration will eventually decrease to
zero.

40. The graph of velocity against time for an object
moving in a straight line is shown.

velocity

o

time

Which of the following is the corresponding graph
of displacement against time?

1000 Physics Wc% with HELPs

A displacement
] 1 .
0 lime
B displacement
!
0 time
c displacement 4
| ] Lo
-0 time
D displacement
1 1 ]
Q time

Helping concepty

The displacement-time graph will give the velocity of
the object. When velocity is increasing, the gradient of
displacement-time graph (i.e. velocity) is increasing.
When velocity is constant, the gradient of displace-
ment-time graph is constant. When velocity is decreas-
ing, the gradient of displacement-time graph is decreas-
ing.

41. A ball is released from rest above a horizontal

surface. The graph shows the variation with time
of its velocity.

VeIOCi?/ 1stimpact
2nd impact
3rd impact
AYE /]
0 ' oy
: time -
release S ' V P
ball "~ ball ball " bal bal
falling flsing  falling risingtalling

Area X and Y are equal,
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‘ This is because
A the ball's acceleration is the same during its
upward and downward motion.

B the speed at which the ball leaves the surface
after an impact is equal to the speed at which
it returns to the surface for the next impact.

C for one impact, the speed at which the ball
hits the surface equals the speed at which it

- leaves the surface.

D the ball rises and falls through the same dis-

tance between impacts.

Helping concepty
Area X is the distance covered till the higher point
after bounce.

Area Y is the distance covered from highest point to the
second impact.

42. A steel sphere is released from rest at the surface

43.

An object falls freely with constant acceleration z
from above three light gates. It is found that it takes
a time f to fall between the first two light gates a
distance of s, apart. It then takes an additional
time, also {, to fall between the second and third
light gales a distance s, apan.

¥

light gate 1

Sy time taken = ¢
light gate 2

S, time taken =t
light gate 3

What is the acceleration in terms of s, s, and f’?'

(S, —51) (S, - 51)
A t? B 2t?
2(s, - 54) b 2(s;, - 5y)
3t2 t?

of a deep tank of viscous oil. A multiple exposure Helping concepty

photograph is taken of the sphere as it falls.

The time interval between exposures is.always

Let u be the speed of object when it is at light gate 1.

the same. 1,42
. s=ut+—at
Which of the following could represent this pho- 2,
tograph? Between light gate 1 and 2,
A B c D s,_ut+%gr2 ----- (1)
. . . . Between light gate 1 and 3,
. * . * S1+5, = u(2!)+%g(2!)2 ----- (2)
o To get rid of unknown u,-
. ot (2)—2><(1):52—s,=gt2
. S =5
° =
. . 9="3
. : . 44, A metal ball is dropped from rest over a bed of
. . sand. It hits the sand bed one second later and
* makes an impression of maximum depth 8.0 mm
in the sand.
Helping concepty Air resistance is negligible.

T!we sphere will reach terminal velocity and hence, the
distance between exposure will be constant, I

1000 Physics mc% with HELPs

On hitting the sand, what is the average decel-
eration of the ball?

A 6.0x10% ms? B 1.2x10° ms?
C 6.0x10° ms? D 1.2x10* ms?
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Helping concepty

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

Just before the metal ball hits the sand,
v=u+at
=0+(9.81)(1)
=981ms™’
Using v2 =u® + 2as,
0=(9812+2(a)(8.0x107%)

a=-60x10% ms™

Acceleration is negative as it is acting upwards. In this
case, downwards direction is taken to be positive.

45. Two horizontal metal plates are situated in a
vacuum. A potential difference is maintained
between the plates as shown.

beam of
particles

A beam of negatively-charged particles is hori-
zontal when it enters the region between the
plates. It is deflected as shown in the diagram.

The potential difference is then increased,

How does this affect the time T that a paricle in
the beam spends between the plates and the ver-
tical deflection Y as shown on the diagram?

effecton T |effecton Y
A | decreases | decreases
B | nochange | increases
C | nochange | decreases
D | increases increases

1000 Pbpsics mccz with HELPs

- ——

Helping concepty

———

Time taken to travel horizontally between the plates,

horizontal distance )
" horizontal constant speed

Using kinematics, s =ul+ 5‘312,
qE

()2 =

N _1 1
=1 ==

AT

4 m d

LA
m

where V is potential diference and d is the distance

between parallel plates.

As the p.d. is increased,

1. time taken remains unchanged as the factors are
independent of p.d. V.

2. the value of Y is proportional to p.d., Y will increase
as p.d. is increased.

46. Two cars, initially next to each other and at rest,
accelerate in the same straight line at different
uniform rates. After 3 s, they are 12 m apart.

If they continue to accelerate at the same rate,
how far apart will they be 6 s after they started?

A 18 m B 24 m
C 36m D 48 m

Helping concepty

It is easier to solve using a velocity time graph.

Wk - -
(<]

0 > I/s
Let Car 1 be faster than Car 2.
- 1,2
S ur+5ar
Al any time 1,
S, = 0+ E‘a,fz
S2 =0+ 2 a,t?
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For t=3 s,
distance X = §, - S,
12= [%a,(S)z]—[%az(mz]

For t=6 s,
distance Y =5, - 53
Y =[3a6) -3 2:06)]
Y=18(a,-a,)----" )
. Subst. (2) into (1):

9,Y
12=2(=
KT

Y=48m

1000 Physics mcg. with HELPs

Frequently Examined Questions
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Dynamics

8 Key content that you will be examined on:

1. Newtons's laws of motion

2. Linear momentum and its conservation

\
\
\\\
\
\
\
\
\\
\
\
|
|
\
i
|
|
|
/
i
j
/
I/
/
/
/
I/"
/
/

Page 34



X R

e e e R e T e

1. What is the meant by the weight of an object?

A the gravitational field acting on the object
B the gravitational force acting on the object
C the mass of the object multiplied by gravity
D the object's mass multiplied by its accelera-
tion
Helping concepty

The weight of an object is equilibrium to the gravita-
tional force acting on the object.

2. Which is not one of Newton's laws of motion?

A The total momentum of a system of interact-
ing bodies remains constant, providing no
external force acts.

B The rate of change of momentum of a body
is directly proportional to the external force
acting on the body and takes place in the
direction of the force.

C If body A exerts a force on body B, then body
B exerts an equal and oppositely-directed
force on body A.

D A body continues in a state of rest or of
uniform motion in a straight line unless acted
upon by some external force.

Helping concepty

By Newton's laws, only (A) is incorrect.

3. When a force of 4 N acts on a mass of 2 kg for
a time of 2 s, what is the rate of change of mo-

mentum?

A 2 kg ms™? B 4 kg ms™

C 8 kg ms™ D 16 kg ms™
Helping concepty

By Newton's 2nd law, we have

F=ma= m(V';u)

1000 Physics Wc? with HELPs

Dynamics

— Rate of change of momentum - =
= {7
=4 Nor4kgms™

4. An object of mass m is travelling with velocity v.

Which equation gives the momentum p of the
object in terms of either m or v and its kinetic

energy E7?

A :Ei BES D=2 ERY
m
2E

C p= vk D p=J2Em

Helping concepty

Kinetic energy, E, = %mv2 ==

Rearranging,

p=2Em

5. Newton's third law concerns the forces of interac-
tion between two bodies.

Which of the following statements relating to the
third law is not correct?

A The two forces must be of the same type.
B The two forces must act on different bodies.

C The two forces are always opposite in direc-
tion.

D The two forces are equal and opposite so the
bodies are in equilibrium.

Helping concepty

Newton's third law generally applies to two bodies
which may be in motion. The bodies concerned thus
need not be in equilibrium.
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Topic 3 Dynamics _ Fre
I
6. Two satellites in space collide inelastically. Helping concepty
e 77
What happens to the kinetic energy and momen- By definition of Newton's third law, 4
a
tum? backward push of back wheel ;:nwl::ee|
- ad on bac
kinetic energy momentum =forward push of ro
A | conserved  conserved ' //
B | conserved reduced ' ¢
C reduced conserved
D reduced reduced

9. The diagram shows the masses and velocities of -

two trolleys about to collide.
Helping concepty

4ms” —

Linear momentum is always conserved when no ex-
ternal force is applied during collision, and the kinetic .
energy is conserved only if the collision is elastic. . : y

Hence, for inelastic collision of two satellites, linear

momentum is conserved but the total kinetic energy is After the impact they move off together.
reduced since some inilial kmeng energy is lost in the What is the total kinetic energy of the trolleys after
forms of sound and heat energies. e
the collision?
A 13J B 12J
c 18J D 19J
Helping concepty

7. A force 2F acting on a paricle of mass 10 kg

produces an acceleration of 60 ms™. Final momentum, p = sum of initial momentum 2

A force 5F acting on a particle of mass M pro- =2(4)+4(1)
duces an acceleration of 50 ms2. =12J
What is the mass M? '
A 33 Kkg B 4.8 kg
C 21 kg D 30 kg
- 10. The rate of change of momentum of a body falli
- allin
Helping concepty freely under gravity is equal to its y .
Using Newton's 2nd law, F_ =ma, we have A impulse. B kinetic energy
2F = (10)(60)---~(1) C  power. D weight,
5F = (M)(50)------(2) Helping concepty
2. 5_5M _ y_30 kg By Newton's 2nd law,
) 2 600

F=ma=m¥=Yy_mMv-mu _ap

At At T ar

where Ap =change in momentum = my m
= — u'

At =time period over which A
Hence, rate of chan
force acling on the
According to Newton's third law of motion, what Which is ils weight.
is equal and opposite to the backward push of

the back wheel on the road? _\ :
A the force exerted by the cyclist on the pedals

B the forward push of the road on the back
wheel 1.

8. A cyclist is riding at a steady speed on a level

P occurs,
road.

C the tension in the cycle chain

Which of the following : uniform acceleration
D the total air resistance and friction force the resultant’ ngis a Correct
orce acting on 4, Statement about
. em P
1000 Physics Wc% with HELPs ass?
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A It increases uniformly with respect to time.
B It is constant but not zero.

C It is proportional to the displacement from a
fixed point..

D It is proportional to the velocity.

Helping concepty

Statement A is incorrect as the resultant force acling
on the mass is constant since the acceleration is
constant (uniform).

Statement C is incorrect as it would imply that the
resultant force changes with the displacement from the
fixed point, as in the case of S.H.M.

Statement D is incorrect as it would imply that the
resultant force changes with time.

12. Which graph best shows the variation with time of
the momentum of a body accelerated by a con-
stant force?

A § B 5|
2 2
: g
Y :
0 0 time 0 time
c § p §
[=4 c —
% g
s}
E
°o time ° 0 time
Helping concepty

A body accelerated by a constant force has constant
acceleration. Its velocity increases linearly. with time.
Hence, its momentum also increases linearly with time.

13. In perfectly elastic collisions between two atoms,
it is always true to say that

A the initial speed of one atom will be the same
as the final speed of the other atom.

B the relative speed of approach between the
two atoms equals their relative speed of sepa-
ration.

C the total momentum must be conserved, but
a small amount of the total kinetic energy may

be lost in the collision,

1000 Pbysics m“? with HELPs

D whatever their initial states ol motion, neither
atom can be stationary after the collision.

Helping concepty

By definition, for an elastic collision, the relative speed

of approach between two atoms equals their relative
speed of separation. Also lotal kinelic energy of lhe
two atoms is conserved.

14. Two similar spheres, each of mass m and travel-
ling with speed v, are moving towards each other.

V; EV

@ ©

The spheres have a head-on elastic collision.
Which statement is correct?
A The spheres stick together on impact.

B The total kinetic energy after impact is mv?.
C The total kinetic energy before impact is zero.
D The total momentum before impact is 2mv.

Helping concepty
Kinetic enargy is conserved for elastic collision.

1

1
—mv? +-2-mv2 =mv?

15. The diagram shows two trolleys, X and Y, about
to collide and gives the momentum of each trolley
before the collision.

20 Ns 12 Ns
After the collision, the directions of motion of both

trolleys are reversed and the magnitude of the
momentum of X is then 2 Ns.

What is the magnitude of the corresponding mo-
mentum of Y?

A 6 Ns
C 10 Ns

B 8 Ns
D 30 Ns
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Helping concepty
Since linear momentum is conserved,

20-12 = -2 + momentum of Y
momentum of Y =10 Ns

16. Two railway trucks of masses m and 3m move
towards each other in opposite directions with
speeds 2v and v respectively. These trucks col-
lide and stick together.

What is the speed of the trucks after the collision?
v v
A 2 B

2

Sv
C v D 2
Helping concepty

This is a perfectly inelastic collision.

: 2v % C : C unknown, v,

m(2v) +3m(-v) = (m + 3m)v,
-mv =4my,
1

Vi=—-—V
4

17. The graph shows how the force acting on a body
varies with time.

force/N
6

ol

!
|
!
|
0 2

time/s

/}ssuming that the body is moving in a straight
line, by how much does its momentum change?

A 40 kg ms™ B 36 kg ms™
C 20 kg ms” D 16 kg ms™

1000 Physics mcc& with HELPs

[ —

Helping conceptly

Change in momentum = J'F dt
= area under the curve
=(2)(2)+;(2+6)(4)
=20 kg ms™

18. A wooden block of mass 0.60 kg is. on a _rough
horizontal surface. A force of 12 N is applied to
the block and it accelerates at 4.0 ms™.

4.0ms?
wooden block ”
12
S - - )|

What is the magnitude of the frictional force act-
ing on the block? '

A 24N B 96N

C 14N " D 16 N
Helping concepty

) -2
Net force = ma ﬂﬁ*

12-F = (0.60)(4)

friction, F | .60 k 12N
F=96N S = -

=

19. Which graph best shows the variation'with limé of

the momentum of a body accelerated by a con-
stant force? '

A momentum B momentum

%

time 0 time
momentu
C i D Momentum

|

time 0 time

\
Helping concepty
_\

Net force is the rate of ¢

i . ange of moment i

is the gradient of momentum vs time grap#m' which

Since net force is const . ' .
ant, qgr ;

and not equal to zero, gradient is also constant




Toplc 3 Dynamics

Frequently Examined Questions

-20.

A body, initially at rest, explodes into two masses
M, and M, that move apart with speeds v, and v,

60 cms ™! 40 ems-!

. B, v

respectively.
What is the ratio i?
vy What is the speed of the masses after impact?
M, Mi A 10 cm s B 20 cm s
A Vz- M, C 40 cm s D 50 cm s
1 A} Helping concepty
M, )2 M, )2 e
c M—z D ',J" Let the mass be m.
_— -+
Helping concepty 60cms” 40cms
= 5 S S
+
— after collision

By

o PR
——
v, €— M,) (M} v,
~— —

conservation of momentum,

before collision

m(60) + m(-40) = (m + m)v

20m=2mv
v=10cms™

0=M‘V1+M2(_V2)
n_M,
v, M,

21,

23. A force of 54 N pushes two touching blocks of
- mass 6.0 kg and 2.0 kg along a flat surface. The
frictional force between the blocks and the sur-

A ball of mass 2 kg travelling at 8 ms™ strikes a
ball of mass 4 kg travelling at 2 ms:". Both'balls
are moving along the same straight line as shown.

-1 -1 v

8 ms 2ms
—— —_— —_—

After'collision, both balls move at the same .veloc- -

ity v.

What is the magnitude of the velocity v?
A 4 ms! B 5.ms"

C 6 ms™! D 8 ms!

Helping concepty

For inelastic collision, momentum is still conserved.

Y

momentum before collision = momentum after collision
my, + myu, =(m, +m,v
(2)(8) +(4)(2) = (2 +4)v
v=4ms"’

22. Two equal masses travel towards each other on
a frictionless air track at speeds of 60 cm s' and
40 cm s™'. They stick together on impact.

1000 Physics WC% with HELPs

face is 6.0 N.

54 N

6.0 kg
2.0 kg

6.0N
T T 77777777

What is the magnitude of the resultant force on

the 6.0 kg mass?
A 12N B 36N
C 45N D 48 N

Helping concepty
Net force on (6.0+2.0) kg=54 N-60 N=48 N

Net acceleration, a =

(& 3|m

=60 ms™

Resultant force on 6.0 kg mass,
F =ma=(6)(6)=36N
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Two blocks X and Y, of masses m and 3m re-

24. The diagram shows two trolleys X and Y held sta-  26. '
; ' are accelerated along a smooth hori-

tionary and connected by an extended elastic cord. spectively, ;
The mass of X is twice that of Y. zontal surface by a force F applied to block X are
shown.

7 F
pin cork ———4 X

The trolleys are released at the same instant. They
move towards each other and stick together on
impact. Just before the collision, the speed of X

H -1
is 20 cm s™. What is the magnitude of the force exerted by block
What is the speed of Y after the collision? X on block Y during this acceleration?
A zero B 5cms F F
A — B <
C 7cms” D 10cm s 4 3
Helping concepty c % D %
By conservation of momentum,
Helping concepty
initial momentum before release = momentum after collision——————
0= (my +my)v Using F=ma,

- . F
v=0 acceleration, a = —
am

Considering block Y,

F. OF
F.,=3m—)=—

25.

27. The diagram shows a situation just before a head-

on collision. A lorry of mass 20000 kg is travelling

> at 20.0 ms' towards a car of mass 900 kg trav-
20N elling at 30.0 ms™' towards the lorry.

A ruler of length 0.30 m is pivoted at its centre. 20.0 ms™"
Equal and opposite forces of magnitude 2.0 N .

are applied to the ends of the ruler, creating a
couple as shown.

What is the magnitude of the torque of the couple
on the ruler when it is in the position shown?

A 0.23 Nm B- 0.39 Nm m;gsogéféw m;c?c? r?g';car
C 0.46 Nm D 0.60 Nm .
What is the magnitude of the total momentum?
Helping concepty A 373 kNs B 427 kNs

Couple = foece C 3600 kNs D 4410 kNs
x perpendicular distance between 2 equal forces Helping m"_‘wpt}
=2.0x(0.3sin50°) e
=0.46 Nm Momenlum is a vector and is given by mass x velocity.

Momentum of lorry = (2 x 104)(20)
=4x10% Ns
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Momentum of car = (900)(30)
=27x10* Ns

Since they are in opposite direction,

net momentum = (4 x 10%) = (27 x 10%)
=373x10° Ns

28. A ball of mass 80 g collides with a vertical wall.
The ball has a velocity of 23 ms™ in a horizontal
direction. After hitting the wall the ball moves with
a velocity of 18 ms™' in the opposite direction.

What is the impulse provided by the wall?

A 0.40 Ns in a direction away from the wall
B 3.3 Ns in a direction away from the wall

C 33 Ns in a direction towards the wall

D 3300 Ns in a direction towards the wall

Helping concepty

.__:.+
23ms™'
18 ms™'
wall
impulse of wall = —impulse of ball
= —(mv -mu)
=m(u-v)
=(80x107%)(-18-23)
=-3.3Ns

= 3.3 Ns (to the left,-away from the wall)

29. A neutron is in head-on elastic collision with a
stationary nitrogen nucleus. The mass of a nitro-
_gen nucleus is 14 times that of a neutron.

The neutron's velocity after the collision is

A less in magnitude than its initial velocity.

B less in magnitude than the final velocity of
the nitrogen atom.

C equal in magnitude to its initial velocity but in
the opposite direction.

Helping concepty

Assume mass of a neutron is m, and its initial velocity

is u.
my = 14m,
u v, v
N
mpO'—') O mpo_—’ mO——
before collision after collision
By conservation of momentum,

Myl = MgV + My = u=v, +1dvy----- (1)

By conservation of energy,
L 2—lmu2+l‘m v = U =v2+14y2-(2
_2'pu_ pop T NN =Y vy —(2)

Solving (1) & (2),

v, =12y

P15

Vo= U
15

30. An object of mass M travelling to the right with
velocity 2v collides with another object of mass
2M travelling to the left with velocity v. After the
collision, the objects stick together.

I—_M—}—>2v V<—|—QT]

Which line in the table shows the total momentum
and the total kinetic energy of the two objects after
the collision?

momentum | kinetic energy
A 0 0
B 4Mv 0
c 0 3IMv?
D 4Mv 3Mv?2

Helping concepty

v v —_— v
M} = «—am| (M [om =

Final momentum = initial total momentum
= M(2v) + 2M(-v)
=0

(momentum)? 0

~. Kinetic energy = 2
xmass

D greater in magnitude than its initial velocity.
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31. A stationary thoron nucleus (A=200, Z=90) emits

an alpha particle with kinetic energy E,. What is
the kinetic energy of the recoiling nucleus?

E E
A —a
108 B 110
E E
C —a -
54 o 55

lelping concepty

The «-paricle emitting radioactive gas, Thoron-220,
decays to Radium-216 and emits an «a-paricle, He-
lium-4 nucleus. The reaction can be represented by

2
20Th —— sHe + 21°Ra

By conservation of momentum, we have

momentum of a - particle = momentum of recoiling nucleus Ra

mnvu = MgVR

Ve _ M,
Z_m_n
_ 4 1
" 216 54

The kinetic energy of Ra, E. is related to the kinetic
energy of alpha particle E, by the equation below.

1 2
En _2MRVR _ (ﬂR_)(V_R)Z = (ﬂ)(&)z =My _ 1
En %rnuvu2 M, Vg m, Mg My 54
E
Ep=2e
"7 54

32. A ball of weight W slides along a smooth horizon-
tal surface until it falls off the edge at time T.

X

N

. Y
\\\ NSNS NS

Which graph represents how the resultant vertical
force F, acting on the ball, varies with time | as the
ball moves from position X to position Y?

%

E F
A O T B Mg{ [
—w- ! i T [
F
F . o
c i Do t

1000 Physics mc% with HELPs

Helping concepty

During the horizontal motion, the resultant vertical force,
F, on the ball is zero.

As lhe ball falls,
F = weight of ball, W.

33. The diagram shows two spheres of masses 2 kg
and 3 kg moving at constant speed along a
straight line towards one another.

4ms
—_—

The speeds of the spheres are 4 ms-' and
6 ms™' respectively.

6 ms
-

The spheres collide elastically.

Which statement explains why the spheres can-
not come to rest at the same time?

A The impulses during the collision are not
equal and opposite.

B The masses of the two spheres are not equal.

C The momenta of the spheres are not equal
and opposite.

~ D' The speeds of the spheres are not equal.
Helping concepty
Taking right-hand side to be positive,

By conservalion of momentum,
before collision is

the total momenta

2(4)+3(-6) = =10 kgms™"

This means that momenta of the (3

ystem of 2 kg and
3 kg is always at 10 kgms'

at all times. ‘
The reason that both spheres cannot come 1o a rest

at the same time is because the momenta of spheres
are nol equal and opposite.

34. A slationary 2y nycleus decays by o emission

generating a total kinetic energy T.

238 234
92U — gQTh + ;a
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What is the kinetic energy of the « -particle?

A slightly less than T/2
B TR

C slightly less than T

D slightly greater than T

Helping concepty

Let the kinetic energy of the «-particle be E, and
that of the thorium (Th) be E,.

The ratio of kinetic energies is

By conservation of momentum, the momentum of the
a-particle and that of the recoiling thorium (Th) must
equal. Thus

%
- o _th
muv-t - mlhvlh or -

Subst. (2) into (1), we have

Ly _(MayMmnye_Mn_ 234 _ oo

E, my m, m, 4
Hence, the kinetic energy of the « -particle, expressed
as the fraction of the total kinetic energy T is given by

= 58.5 T 585 T = 0.98T
1+585

59.5
which is slightly less than T.

35. A caris accelerated from rest by a constant force.
It also experiences a drag force proportional to its
speed.

Which graph best represents the variation of the
acceleration a of the car with time ?

a a
A \ | %
0 — 0 ——.
a a
0 —
0 t 00 ﬁ'

1000 Physics m,ccj with HELPs

— —_

Helping concepty
Eventually, the car will come o a constant speed. This
means thal the flinal acceleration will be zerg.
By Newlon's second law,
Fret = F = kv
ma=F —-kv
The force due to car F is constant and as speed v

increases, the net force (F ) and hence acceleration
a will decrease exponentially.

36. The graph shows the variation with time of the
momentum of a ball as it is kicked in a straight
line.

momentum \

Initially, the momentum is p, at time t. At time f,
the momentum is P,

What is the magnitude of the average force acting
on the ball between times  and t,?

Py -p, Py- P>

A T B L
+p +

c Pi1+ Do D Py + Dy

ty -t

Helping concepty
Average force of ball from graph

_ change in momentum

time taken
_P2-p
=ty
Average force acting on ball = —(average force of ball)
— (PP
( Lt )
P~ P;

rZ?_’l
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37. A particle of mass m travelling with velocity v col-

lides elastically and head-on with a slationary
particle of mass M.

Taking rightwards to be positive and by conservation
ol momentum,

mu:mv1+4mV2
Which expression gives the velocily of the par-

u= V1 + 4V2 """ (1)
licle of mass M alter the collision? .
mu Speed of approach = speed of separation
v ° M U -u, ==(v,-v,)
U=-v,-Vv _
2mu (M-m)u (v,-V,) ,
Mm ° Wim U=V, =v,r(2)

Helping cmw—e;ty (N-4x(2; —3u=>5v,

3

— v v, 5
®— ® @ B

before collision

after collision

Total linear momentum before collision
= total linear momentum after collision

= mu=mv,+My, 39. A proton (mass 1u) travelling with velocity +0.100¢

collides elastically head-on with a helium nucleus
=V =%(U—V """ (1) (mass 4u) travelling with velocity —0.050c.

For elastic collision, proton helium nucleus

speed of approach = speed of separation : 0.100¢ 0.050c C

U-0=—(vy-v,)

What are the velocities of each paricle after the -
Vi=Va—U----- (2) collision? '
Subst. (2) into (1):

proton | helium nuclem 2
Y2 = ylu-0z 0= Bau-v,)

A | -0140c +0.010¢
"y ) B | +0.140¢c +0.010¢
= v2(M+m)=2mu C|+0233c | —0083c
= v, =2Mu D|-0233c| +0.083c
M+m
" Helping concepty
In elastic collision,
relative speed of = i
38. A molecule of mass m travels with velocity +u di- approachp ° ;eelag:erspeed of
' rectly towards a stationary molecule of mass 4m paradan
and collides elastically with it. St -
efore collision LU 0.050¢
What is the velocity of the molecule ol mass m :
after the collision? PrO‘O"O Ohelium nucleus
s after collision — Ce—
e e v
A +% B -%u ' vz
Taking right-wards 1o be positive,
C -iu D -u
5

Uy -u, ="(V1‘V2) ‘
0.100c - (-0.05¢) = v, -
Helping concepty ( c)=vz-v,

015¢c = V2 -V

+U before collision . . 3
— _— From the options available, only (A) is correct
> ——— afier collision
v, 2% —_—
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40. A beam of particles or radiation is directed hori-
zontally into vertical gravitational, electric and mag-
netic fields in turn.

beam ——

field

The table shows features of the force on the beam
and the shape of the beam in each case.

Taking right-wards to be posilive,

total momentum of the 2 trolleys before collision (— +)
=6.0x(5.0)+10% (-3.0)

=0kgms™'

Final momentum of 2 trolleys after momentum is also
0 kgms™' by conservation of momentum. This means
that both the 6.0 kg and 10 kg come to a rest alter

collision.

By Newton's second law,

Which particles or radiation are used in the beam?

A alpha particles ~ B bela particles .

C gamma rays D protons

Helping concepty
Negligible force due to gravitational field means the
particles is light or not heavy. ‘

The upwards force (opposite to the direction of electric
field) means the particles are negatively charged.

Using Fleming's left hand rule, it is confirmed that the
particles are negatively charged.

41. A trolley of mass 6.0 kg travelling at a speed of
5.0 ms™' collides head-on and locks together with
another trolley of mass 10 kg which is travelling
in the opposite direction at a speed of 3.0 ms™'.
The collision lasts for 0.20 s. :

10 kg

6.0 kg

.0 ms~' 3.0ms™
(09—

What is the total momentum of the two trolleys
before the collision and the average force acting
on each trolley during this collision?

total momentum average force on
before collision/kg ms™' | each trolley /N
A 0 300
B 60 150
Cc 0 150
D 60 300

1000 Physics mc% with HELPs

gravitational field | electric field | magnetic field A(mv)
— average force on 6.0 kg mass =
force negligible upwards | out of the page At
shape of beam | a horizontal line acurve: acircle ~ 0-6.0(5.0)
0.20
=-150 N

The negative sign means the average force is acling
towards the left (in order to stop the trolley).

By Newton's third law,

force on 6.0 kg mass by 10.0 kg mass
=force on 10.0 kg mass by 6.0 kg mass
=150 N

42. The diagram shows three forces acting on the
centre of gravity G of a body which was initially

at rest.

40N

50 N <€

40N

Later, a 10 N force is applied to G in the direction
GX.

What is the final motion of the body?
A It accelerates in the direction GX.

B It accelerates in the direction XG.
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C It moves at constant speed in the direction
GX.

D It moves at constant speed in the direction
XG.

Helping concepty

By Newton's second law, the body will accelerate in
the same direction as the net force of 10 N, i.e. GX.

43. A sky-diver jumps from an aircraft. The Earth exerts
a downward force F, on the sky-diver who also
exerts an upward force F_ on the Earh.

sky-diver
I FE
FS
A
Earth

(diagram not to scale)

Which statement is correct?

A the magnitude of F_>the magnitude of F
B the magnitude of F_<the magnitude of Fg

C the magnitude of F, = the magnitude of F; and
they cancel each other out

D the magnitude of F_=the magnitude of F; and
they do not cancel each other out

. Helping concepty

By Newton’s third law, F_ equals to Fg in magnitude

and are opposite in direction.  F.and Fg also act on

different bodies. Hence, they do not cancel each other.

1000 Pbysics WC% with HELPs
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§—r Key content that you will be examined on:

1. Types of force

2. Equilibrium of forces

3. Centre of gravity \
4. Tuming effects of forces \
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1. What is the centre of gravity of an object?

A the geometrical centre of the object
B the point about which the total torque is zero

C the point at which the weight of the object
may be considered to act

D the point through which gravity acts
Helping concepty

Fact. It is also a convenient point to represent the
weight of an object.

2. What is not true of two forces that give rise to a
couple?
A They act in opposite directions.
B They both act at the same point.
C They both act on the same body.
D They both have the same magnitude.

Helping concepty

Magnitude of couple = force x distance between them

For 2 forces acling on the same point, there is zero
distance between them.

3. A submarine descends verically at constant ve-
locity. The three forces acling on the submarine
are viscous drag, upthrust and weight.

Which relationship between their magnitudes is
correct? :

A weight < drag B weight=drag
C weight < upthrust D weight > upthrust
S
Helping concepty
_— = =
At constant velocily, there is no net force.
weight = upthrust + drag

= weight > upthrust

1000 Physics mc? with HELPs

Forces

4, An object in a space capsule orbiting the Earth

seems to be floating.

Which statement describes the forces
the object?

acting on

A There are no forces on the object.
B The centrifugal force on the object is equal
and opposite to its weight.

C The centripetal force on the object is equal
~and opposite to its weight.
D The weight of the object is the

on it.

only force acting

Helping concepty

In orbit, or circular motion, around the Earth. There is
a net force acting on the object.

In this case, it is the weight or the gravitational force

on object by Earth which results in'the circular motion.

5. An object, immersed in a liquid in a tank, expe-.

riences an upthrust.
What is the physical reason for this upthrust?

A The density of the body differs from that of the
liquid.
B The density of the liquid increases with depth.

C The pressure in the liquid increases with
depth. '

D The value of g in the liquid increases with
depth.

Helping concepty
Pressure within a liquid is given: by

p = hpg
where h is the depth.

6. An object, immersed in a lj

riences an upthrust. Quid in a tank, expe-

What is the physical reason for this upthrust?

pPage 50

w




Topic 4 Forces

Frequently Examined Quesiions

A The density of the body differs from that of the
liquid.

The density of the liquid increases with depth.
'C  The pressure in the qu'uid increases wilh

@

depth.
D The value of g in the liquid mcreases with
depth.
Helping concepty

Since the pressure in the liquid increases with depth,
the upward force exerted on the bottom of a body
immersed in liquid would be greater than the down-
ward force exerted on the top of the body, giving rise
to a net upward force, the upthrust.

A

7. The diagrams show three forces acting on a body.

In which diagram is the body in equilibrium?

AN
C NN

Helping concepty Zé’ S

In equilibrium, the vector forces must

1. form a closed triangle, i.e. by following the direc-
tion of arrows, it can go back to its starting point.

2. all vector forces passed through the same point.

8. In describing the behaviour of a spring, the spring
constant is used.

Different loads are used to extend the spring by
different amounts.

To find the spring constant, which quantities are
required?
"A the elastic limit and the loads

B the elastic limit, extensions and the length of
the spring

C the loads and the extensions of the spring
D the loads and the length of the spring

1000 Physics chf with HELPs

A &DJLQ' ieo"’

Gt Ui&
‘ o0 mf

— 7
- Y

_

Helping concepty

_—

force, F

Spring constant, k = ——————
extension, X

From the above formula, to find k, F and x have to be
known.

9. Two 8.0 N.forces act at each end of a@ beam of
length 0.60 m. The forces are parallel and act in
opposite directions. The angle between the forces
and the beam is 60°.

()J 4\{)1 Is.o N]
[ /
0.60 m ! )
60°\

‘What is the torque of the couple exerted on the

beam?
A 24 Nm B 4.2 Nm
C 48 Nm D 9.6 Nm
Helpmoconcepty
Couple = force x perpendicular distance
= (8.0)(0.60sin60°)
=42 Nm
» cgual pvet e vn oflPocif
ii
[j-'vcdf@" Lauk ‘-OKIQ&* T4 0 Jb‘fleA.L_)

Coomn S L Nae oo
10. An object is acled on by Iwo forces P and Q. A
frictional force F holds the object in equilibrium.

Which vector triangle could represent the relation-
ship between these forces?

Q F Q F
A B
P P
F F
Q Q
ij)j
P P

Helping concepty
At equilibrium, the arrows in a vector triangle flow in
one direction, clockwise or anti-clockwise.
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11. A ruler of length 0.30 m is pivoted at its centre.
Equal and opposite forces of magnitude 2.0 N
are applied to the ends of the ruler, creating a
couple as shown.

20N

20N

What is the magnitude of the torque of the couple
on the ruler when it is in the position shown?

B 0.64 Nm
D 0.79 Nm

A 0.46 Nm
C 072 Nm
Helping concepty
The torque produced by a couple
= force x perpendicular distance between forces

=20x0.30sin50°
=0.46 Nm

12. A car with front-whee! drive accelerates in the di-
rection shown.

Which diagram best shows the direction of the
total force exerted by the road on the front wheels?

A B
C <+—— D —»
Helping concepty
normal force
net force

force on 'v;/heel by road

IV‘ C.-@L , Fha ().'n*' o2t be
whide a shen d-‘-(-[-u- t Avees cut

1000 Physics mc% with HELPs

cross-sectional |

has a .
wood y immersed in

indri of
13. A cylindrical block I is totall

area A and weight W.. l
water with its axis vertcal. -
essures p, and p, @

. s pr
The block experiences p ectively.

top and bolttom surfaces resp .
i i to
Which of the following expressions is equal

upthrust on the block?
(pb"px)

A (p-p)A+w B
(o - PA-W

C (P-PA D

Helping concepty

Upthrust is a force, and acts upwards.

Pressure, p =% = force, F =pxA

». Upthrust = (p, - p;)A

oF Cpntie
4(.:““'
o Wi beo Ih"‘ T

i owey ot e ddf;‘:v:;‘ o il,-v?f: (e ‘._Qn&) ,

14. A surface is bombarded by particles, each of mass

m, which have velocity v normal to the surface.

On average, n particles strike unit area of the

surface each second and rebound elastically.

What is the pressure on the surface? : -4;

A nmv B 2nmv I
1 2 1 ‘

C —nmv D —nmv?

. 3 2

Helping concepty

Momentum of a particle due to vi i
S mv. Aft
the momentum is —my, °r Impact
<. Change in momentum of a particle on impact
=mv —(-mv)=2my
Force per unit area
= (momentum change per secon

= (number of particles strike
per unit area)(2myv)

=2nmyv

d per unit area)
the surface per second

Hence, pressure on the sun'ace:znmv

w

vertical straw.

Atmospheric pressure : ' :

ure js -
pable of lowerin Py and the kg
straw by 109, 9 the pre . iId is ca-
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What is the maximum length of straw that would
enable the child to drink the liquid?

Po 9P,

A 10pg - - e 109
e Po 10p,
. S pg 19

. Hclpmo cmu:eptsf

Dlﬂerence in pressure hpf
where h |s lhe maxnmum Iength of the straw.
Po

(01)po—hpg = h=
10pg

16. A uniform beam in a roof.structure has a weight
of 180 N. It is supported i'n two places X and Y,
a distance 3.0 m apart. A load is placed on the
beam a distance of 0.80 m from X. The support
. provided by Y is 220 N. '

pressure = p,

S pressure = p,

Which of the following is an expression for the
upthrust on the block?

A Ahpg B Ahpg +pA
C pA D pA-pA
Helping concepty

Upthrust (U) is a force. )
U = pressure difference x area

= (P, - P)x A

18. A force F is applied to a beam at a distance d
from a povot. The force acts at an angle ¢ to a
line perpendicular to the beam.

i

220N v
) 3.0 w40
- il s ko pnvot
: AN v\(ﬂc £33 [‘
)
- F ( (cv\ \’LD
0.80m _ l ‘ / - 00 2(p 730 d
baam Which combination will cause the largest lurning
load 180N - O e effect about the pivot?
¥ ra TSR TN
. 0 &

What is the value of the load? e pd* , F d 0

A 270 N B 490 N ;\1\8 to w1 A llarge large large

C 520 N D 830 N i fg\u*:mu wsD | B|large large smal
Helping & St C | small small large
_— " D [ small large small
Taking moments about point X and let L be the weight
of load. HI—_—

elping concepty
L(0.80)+180x1.5 =220x3 — et
L=488N Turning effect of Fis Fcos0(d).
=490 N

(81

17. A solid block of material of density ,, height h
and horizontal surface area A is immersed in a
liquid. The pressures of the liquid at the liquid at
the upper and lower surfaces are p, and p, re-
spectively.

1000 Phyysics mc% with HELPs

For moment to be large, F and d must be large. In

order for cosf to be large, ¢/ must be small.

19. The hydrostatic pressure p at a depth h in a liquid
of densily p is given by the formula p= hpg.

Which equation, or principle of physics, is used in
the derivation of this formula?
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A densily = mass + volume force/N y
B polential energy = mgh S R~ '
_ 5004 ----==---=-""""7 X
C atmospheric pressure decreases with height : E
!
D densily increases with depth i !
' )
_— ] '
Helping concepty G
—_— ] [}
By definition, i E
f B
orce [
ressure = Y )
) area 0 10.0 12.0
_ weight extension/mm
 area
-9 Gensity - . vol g What is the total work done in stretching the sample
TTA ily.=mass + volume used) from zero extension to 12.0 mm?
_prVg Simplify the calculation by treating the region XY
A as a straight line.
_ /)AAhg A 330 J B 355J
= phg C 360J D 6.60J
Helping concepty
Work done = %F - X
20. A lump of ice floats in water as shown. = area under the graph

- %(500)(1 0x107)+ %(soo +550)(2x107)

. =3.55J
Ice

water

22. A rigid uniform bar of length 2.4 m is pivoted hori-

Which statement is correct? zontally at its mid-point.

A The lump of ice floats because the area of its

. . 0.8 m 0.8m
lower surface is larger than the area of its — e —— —
upper surface. I y N —]

B The pressure difference between the lower - 200N \[5'300“1
and the upper surfaces of the lump of ice give i
rise to an upthrust equal to its weight. Weights are hung from two

_Doints of the bar as
C The ice has a greater density than the water. aintain horizontal equi-

D The mass of water displaced by the ice is . d to the bar.
equal to the upthrust, What is the torque and direction of this couple?

shown in the diagram. To m
librium, a couple is applie

RS A 40 Nm cl i
e clockwise
Helping concet 40 Nm anticlockwise

B
The upthrust acting on a floating object is the pressure C 80 Nm clockwise
difference between the lower and upper surface. D 80 Nm anticlock
ockwise

Helping concepty

0.8 m
— < 0.4 m 0.8

8m
21. The graph shows the behaviour of a sample ol a l o — .

metal when it is stretched until it starts to undergo A

plastic deformation. BN

300 N
1000 Physics mcc} with HELPs
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clockwise moment = 300x 0.4 =120 Nm
anticlockwise moment =200 x 0.8 = 160 Nm

Hence, an additional 40 Nm of clockwise moment will
balance the bar.

23. A simple crane consists of a rigid vertical pillar
supporting a horizontal beam.

Y

Z

A weight W is lifted by a rope at the end of the
beam.

What are the forces at points X, Y and Z due !0
the weight W?

force at X force at'Y force at Z
A tension compression tension
B tension tension compression
C | compression tension compression
D | compression compression compression
Helping concepty

As the weight of beam is downwards, X and Y will be
stretched (tension arises) while Z will be compressed
(compression).

24. The tension in a spring of natural length 1 is first
increased from zero to T,, causing the length to
increase to 1,. The tension is then reduced o T,

causing the length to decrease to (, (as shown).

tension
N
T, R U M
B S ' N
0 L Q P >
0 ly l, & length

1000 Pbysics mc% with HELPs

Frequently Examined Queslions

Which area of the graph represents the work done
by the spring during this reduction in length?
B MNQP

D MPLU

A MLP
C MNSR

Helping concepty

As length is contracted from i, to 1, work done by

the spring is the area under MN, i.e. MNQP.

25. A small ball of weight W is suspended by a light
thread. When a strong wind blows horizontally
exerting a constant force F on the ball, the thread

makes an angle ¢ to the vertical as shown in the
diagram.

w

Which of the following equations correctly relates

¢, F and W?
A cosO=FIW B cos#=WI/F
C sind=F/W D tanO0=F/W

Helping concepty

T (lension in string)
w

—_—

F

From the diagram, we have tan#=F/W.

26. A diver walches an air bubble as it rises to the
surface in water. The weight of the air in the bubble
is negligible. The volume and speed of ascent of
the bubble increase as it rises. Two forces, up-
thrust and viscous drag, act on the bubble.

Which changes occur in these forces as the
bubble rises?
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upthrust | viscous drag uniform metre rule
decreases | decreases /A/>‘Jv,vaﬂf”4
Z—

increases | no change pivol W

A

B

C | increases increases
D

no change | decreases weight

Helping concepty 40N
As the bubble rises, its volume will expand at constant At the instant when the rule is horizontal, what is
temperature as the pressure decreases, i.e. the value of the resultant turning moment about
pV = constant, the pivot?
As the volume of the bubble increases, the upthrust A zero B 1.4 Nm
will increase as weight of fluid displaced increases.
C 1.6 Nm D 1.8 Nm

As upthrust increases, the speed of bubble will in-
crease. This will also increase the drag force. Helping concepty

0.1:m, 0.4m ]'

[ L ]

v
27. A heavy uniform plank of length L is supported by 20N 40N

two forces F, and F, at points distant L arid L Ifrom the duagrar_n, tu_rmng moment in clockwise direc-
! ? 8 4  tion about the pivot is

from its ends as shown. (0.4)(4) - (0.1)(2.0) = 1.4 Nm
L
L L
L8 | L3
[ 1
plank . . .
,_-‘T F, 29. The diagram shows a diving:board held in posi-
tion by two rods X and Y,
What is the value of ﬂ? o i e O
3 | —
2 3
A 5 B
2 3 ?
C 3 P 32 5

Helping concepty

Taking moments about the centre of gravity of the plank,
3L, .~ L
F(=)=F, (=
i 5 )= Fy( 4)

F_ 2

F 3

E at X (downwards) atyY (upwar ds)
A 400 N 1000N
B
28. A uniform metre rule of weight 2.0 N is pivoled at 60O N 1200 N -
the 60 cm mark. A 4.0 N weight is suspended c S00 N GOO'N
from one end, causing the rule to rotate about the ° ﬂ 900 N

1000 Physics mc(ﬁ with HELPs |
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Helping concepty Helping concepty
Taking moment about X, upthrust, U
2Y = 5(600) \
: Y =1500 N (upwards)
- At equilibrium,
. X +600= 15.00 viscous
. X =900 N (downwards) foree. Pt
YV weight, W
By Newton’s second law, there is no net force due to
constant velocity, i.e. total upward forces equal to total
downward forces.
30. A light rod is acted upon by three forces P, Q and U=F,+W
R. :

F,=U-W

Which diagram could show the position and di- e Va-nV
rection of each of the forces when the rod is in Pwaier 19 = Pair’od
equilibrium? =Vi9(Pwaier = Pair) (-

b =(2.37 x1078)(9.81)(1000 - 1.29)
A P B

Q Q , =2322x10™" N

vV, =V,)

R R

32. The force diagrams show all the forces acting on

Q
Q a beam of length 3x.
c D 9
Which force system causes only rotational motion
of the beam without any linear movement?
P R P R A /\12 N IS$

Helping concepty x x x
—_— 91
The rod is in equilibrium when the three forces are 3N 4N
directed such that they do not produce a net torque
and the resultant force is zero. B NN SN 3N
X X
br7 N
X
4N 2N
b
31. ‘A small air bubble in some water is rising to the 5N
surface with constant velocity. c X
-— L
- The volume of the bubble is 2.370 x 10 m?,
The density of water is 1000 kg m-. : & X
The density of air is 1.290 kg m-, 2N N an
s
What is the magnitude of the viscous force on the
bubble? D N 3N
X X X
A 2367x10° N B 237310 N —]
C 2322x10* N D 2.328x10* N l
2N 5N
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Topic 4 Forces

Frequently Examined Questions

Helping concepty

Equal and opposite forces act on a beam to produce
no linear movement. Force diagram A shows no rota-

tional motion whereas force diagram D shows a nel
rotational moment of 3x.

33. A uniform beam of weight 50 N is 3.0 m long and
is supported on a pivot situated 1.0 m from one
end. When a load of weight W is hung from the
end, the beam is in equilibrium, as shown in lhe

diagram.
L 3.0m
1.0m
e ————
Z&\ "
@ pivot

What is the value of W?

A 25 N B 50N
C 75N D 100 N

Helping concepty

_ 1.0m 0.5m
A
}v |

Taking moments about pivot,

Wx1.0=50x0.5
W=25N

34. A uniform plank of weight 60 N is 2000 mm long

and reslts on a support that is 600 mm from end
E.

At what distance from E must a 160 N weight be
placed in order to balance the plank?

600 mm

E ]
A 2000 mm

A 150 mm B 225 mm

C 375 mm D 450 mm

1000 Physics Wc% with HELPs

S

Helping concepty
F
':l 600 mm
[
ooX
v \L
160 N 60 N

The 160 N weight should be placed to the left of the
fulcrum in order to balance the plank. Let x be the
distance from E that the 160 N should be placed.

For the plank to be balanced,

total clockwise moments = total anticlockwise moments

60(1000 — 600) = 160(600 — X)
x = 450 mm

35. A balloon is acted upon by three forces, weight,
upthrust and sideways force due to the wind, as

shown in the diagram.

upthrust
10000 N
4\
sideways force
500 N
e
Y
~ weight
‘9000 N

What is the vertical component of the resultant

force on the balloon?

A 500 N B 1000 N°
C 10000 N D 10500 N
lelping concepty .

Sideways force of 500 N can be ignored here as it
does nol contribute to verical component of resultant

force.

Net force in the upwards "direction = 10000 - 9000
=1000 N

= —ii o




Frequently Examined Quesﬁons

Topic 4 Forces

E——

36. A water droplet in a cloud is falling lhroug'h f:lllr Nelping concepty
and is in equilibrium. Three forces act on il, ils

weight - W, upthrust U and air resistance A. About P,
Which diagram, showing these three forces 1o anticlockwise moment = (5 Nx 2 m) + (10 Nx 2 m)
scale, is correct? - 30 Nm
A B c D clockwise moment = 20 Nx3 m
=60 Nm
" resultant moment = 60 Nm—30 Nm
u
=30 Nm
RIJU
R R
u u
38. A submarine is in equilibrium in a fully submerged
position.
w ' w w w -
Helping concepty

In equilibrium, o ai
- otal upwards forces = total downwards forces

- — total length of upwards arrows
=total length of downwards arrows

Upthrust of water droplet will be small due to the low

density of air (U = p,iVgoped) What causes the upthrust on the submarine?
— #7air¥ dropletd /*

’ A The air exerts a greater upward force on the

Hence, the arrow of U will be shor. . .
$hok submarine than the weight of the steel.
B The air in the submarine is less dense than
sea waler.

‘C There is a difference in water pressure acting
on the top and bottom of the submarine.

37. An L-shaped rigid lever arm is pivoted at point P. ' D The submarine displaces its own volume of
sea water.

Helping concepty
The pressure in a liquid is given by

p=hpg
where h is the depth.

e i et : 10N
- | The deeper'it is, the higher the pressure.
3m ¢ im
20N

Three forces act on the lever arm, as shown in
the diagram. .

. g 39. A ladder of weight W rests against a vertical wall.
What is the magnitude of the resultant moment of Friction between the ladder and the ground and
these forces about point P? also between the ladder and the wall prevenls
P B 35 Nm the ladder from slipping.
C 50 Nm D 90 Nm Which diagram shows the directions of the forces

on the ladder?
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Topic 4 Forces

Frequently Examined Quesnoﬁ;

A B c P D
T
T w
P
w

y /]
C é D d
/)
/]
7
Y 7
/ 7
§W jw
7
7
4 L 5 7

Helping concepty

As there is friction between the wall and the ladder,
the force on the top of ladder will be at an angle
upwards from the horizontal ( ) instead of a hori-

zontal normal force (—) [seen in diagram D].

40. The diagram shows the jib of a tower crane. Only
three forces act on the jib: the tension T provided
by a supporting cable; the weight W of the jib;
and a force P (not shown) acting at point X.

~

X = — jib

The jib is in equilibrium.

Which triangle of forces is correct?

A P B
Y} T
T w
P
w

1000 Physics Wcrﬁ with HELPs

Helping concepty

The forces on an object in equilibrium from a closed
triangle. The directions of the vecto.rs should be sgch
that you can trace out a complete triangle by following
the arrows, as in the case for diagram A.

41. A ball falls from rest through air and eventually
reaches a constant velocity.

For this fall, forces X and Y vary with lime as

shown.
force Xl/ force YK
0 - 0 >
0 time Y time

What are forces X and Y?

force X force Y
A | airresistance resultant force
B | air resistance weight
C upthrust resultant force
D upthrust weight

Helping concepty

Air resistance is present, and will increase as the ball
becomes faster.

Force equation on ball:
net force = weight - air resistance

As air resislance increases, net force will decrease.

42. A beam, the weight of which may be neglected;
IS supported by three identical springs. When a

weight W is hung from the midd|
i e
the extension of each spring is x of the beam
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Topic 4 Forces

Frequently Examined Questions

original position
of the beam

The middle spnng and the weight are removed.

Whalt is the extension when a weight ol 2W is
hung from the middle of the beam?

3x 4x

A 2 B 3

C 2x D 3x
Helping concepty

Each spring share the weight equally and so, each of

them will bear % N.

By Hooke's law,

k=—= w where k is the spring constant.
x 3x

2 springs share 2W of weight and so, 1 spring bears
W N.

By Hooke's law,

EL W g
X (35)

43. The diagram shows a sign of weight 20 N sus-

pended from a pole, attached to a wall.-The pole

is kept in equilibrium by a wire attached at point
X of the pole. -

The force exerted by the pole at point X is F, and
the tension in the wire is 40 N.

Which diagram represents the three forces acting
at point X?

1000 Bhysics WC% with HELPs

L

Cc 40N
20N

Helping concepty

In equilibrium, the three forces formed a closed ri-

angle. A closed lriangle is one where all the added
vectors are in clockwise or anliclockwise direction.

44, The diagram shows a block of copper suspended
in water.

The block experiences an upthrust from the wa-
ter.

Which statement is the basis of an explanation for
this upthrust.

?

S5

r--
4T n“
sh

!-1 ' r 3%

A Copper is more dense than water.

B The area of face R is greater than the area
of face S.

C The density of water increases with depth.

D

The pressure of water increases with depth.

Helping concepty

Total pressure at depth h below water surlace,

P =p, +hpg
where p is the almospheric pressure.

The higher pressure at R (deeper than S) will cause
the upthrust.
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Ions
rrequently examinead \nJueslio

45. An ojl tanker, with venrtical sides, has an external
cross-seclional area of 36500 m?
the sea.

in the plane of

oil tanks

The tanker carries oil of density 930 kg m= in its
tanks, which have a constant cross-seclional area

of 34 000 m? and depth 22.0 m. Sea water has
density 1030 kg m-=,

By how much does the tanker rise in the water
when it unloads its oil?

A 262 m B 227 m
C 213 m D 185 m

Helping concepty

How much the tanker rises is the same as asking how

much will the same amount of oil displaces the sea
water.

Since the tanker floats,

weight of oil = weight of sea water displaced

MaiG = Mgea waterd
vV

0Pl = Vsea waterPsea water

AdithoiPil = Asea waterhsea water Psea waler
(34000)(22)(930) = (36500)(h)(1030)
h=185m

46. A hinged shelf is held horizontally against a wall
by a chain PQ. The forces acting on the shelf are
its weight, the force exerted by the chain and the
force exerted by the hinge H.

'/JP

‘/
) chain
wall ,;
H
) A Y -
’ 0 1

weight
of shelf

Which arrow could represent the direction of the
force the hinge exerts on the shelf?

1000 Pbpsics mc% with HELPs

Helping concepty

weight tension in chain

required force fo>\,\

shelf to be in equilibrium >

In equilibrium, all forces formed a closed polygon.

47. A number of similar springs, each having the same
spring constant, are joined in three arrangements
X, Y and Z. The same load is applied to each.

X Y Z

What is the order of increasing extension for these

arrangements?
smallest - largest] -
A X Y 4
B z X Y
o] Z Y- X
D Y X Z

_
Helping concepty

Let the weight of load be mg.
The extension of sprin

is pr ; . .
plied in each system. 9 1S proportional to weight ap-

For X, each spring supponts T

2
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' . mg
For Y, each spring supporns -

Extension is doubled as 2 pairs of slrings are in se-
ries, when compared to X.

m
For Z, upper pair of string supports _2_g The bollom

string supports mg, which means the extension will be
doubled of X.

The total extension for Z is 3 times of X.

48. A yacht that is in equilibrium has two vertical and
two horizontal forces acting on it. -

upthrust

from water
sideways force of

wind on yacht

sideways drag of
water on yacht

weight of yacht

Which statement about the forces is not correct?

A The sideways drag from the water on the yacht
-is equal and opposite to the sideways force
of the wind on the yacht.

B The resultant of all four forces is zero.

C The torque provided by the vertical forces is
the same as the torque provided by the hori-
zontal forces.

D The upthrust from the water is equal and op-
posite to the weight of the yacht.

Helping concepty
Torque due to vertical forces is in the anticlockwise
direction.

Torque due to horizontal forces is in the clockwise di-
rection.

As torque is a vector quantity, torque due to verical
forces is not equal to torque due to horizonlal forces.

1000 Pbysics WC% with HELPs

Frequently Examined Quesuons

49. A unilorm rod has a wooden seclion and a solid

rubber handle, as shown.
4.001 L
(I 1 _1/

/ N

wooden seclion 2.101

rubber handle

The length of the handle is ¢ and the length of

the wooden section is 4.00¢. The rod balances

a distance of 2.10¢ from the rubber end.

density of rubber

What is the ratio “5 0o ood

A 1M B 225
C 250 D 3.27
Helping conceply
_O_gl%(__L‘s_l_._i_
L 4 I L]
AN

where m,, =mass of wooden section,
m, = mass of rubber section.

As the rod is uniform, the centre of gravity of wooden
section is at the 2.00¢ from the left end of the rod.

The centre of gravity of the rubber section is at 0.50¢
from the right-end of the rod.

By principle of moments,

clockwise = anticlockwise

(m,)(9)(161) = (m,,)(9)(0.9/)

(9,)(V,)(16) = (1,)(V,)(09)
(p,)(1.01x A)(16) = (p,,)(4.0¢ x A)(0.9)

L2225

Pw
where V, = Volume of rubber section,
V,, = Volume of wooden section,
A = uniform - cross - section of rod,
p, = density of rubber,
Py = density of wood.

50. A sphere of weight 1.6x 10 N has an electric

charge of +20,C. It is released from rest, in

vacuum, between two parallel, vertical metal
plates. The separation of the plates is 0.10 m and
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Frequently Examined sJuestions

the potential difference between them is 80 V. The
point of release of the sphere is within the region
of uniform electric field between the plates. The
arrangement is shown in the diagram,

Which path does the sphere follow alter release?

+2.0 4C A
B
+80V oV
C
D
T oiom
Helping concepty
. -3
Electric force = gE . 1.6x107 N
_ qK
ad
- (2x109)(22=0, resultant
0.10 16107 N
=16x107 N

51. In which situation could the pair of forces applied
to the rigid object produce a couple?

A
Y )
F F
F
4
B —
F
F
4
Cc
F
D Fa—{"

1000 Physics Wc% with HELPs

Helping concepty ‘ o

endicu-
A couple is the product ol a force and lhesapr:rep Tagni
lar distance between two forces of lhfl: S e same
tude. The two forces must not act abo ?n he oppo-
slraight line. The two forces must also be

sile direction.

secured to a wall by a screw gl S:
It rests on a support at T. Arrows show the glrﬁ‘ce
tions of the weight W of the cupboard an :
horizontal force F of the screw at S on the cup

board.

Which arrow best represents the directionT;)t the
force on the cupboard from the support T7

52. A cupboard is

/
wall; opoard .
cu
1M 5 1+
F — A

e
7
7
7
ram
7]
7
7
/
7]

T
¢
/1

D
Y
w
Helping concepty
p
B,’
;', w

In equilibrium, all forces must pass through a common
point. The intercept of F and W must also be the point
where the support force must pass through.

The forces must also form a closed triangle.
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Gravitational Field

g—r Key content that you will be examined on:

1. Gravitational field :
2. Force between point masses \
3. Field of a point mass

4. Field near to the surface of the Earth |
5. Gravitational potential \‘

page 87



'opic 4 Forces

1. A model of a black hole is a point mass of 6 x 10%
kg.

What is the force on a point mass ol 1 kg at a
distance of 2 cm from this black hole?

A 1x10" N B 2x10" N
C 2x10® N D 1x10® N

Helping concepty

M
Force, F= a zm
=

_ (6.67x107")(6x10*)(1)
(2x107%)?
=1.0x10" N

2. Satellite are in circular orbit around the Earth.

What is the relationship between the radii r of their
orbits and their speeds v?

A vor? B vxr
c v¥xl D vv.iz
r r

Helping concepty

Gravitational force provides the necessary centripetal
force for the circular motion performed by the satel-
lites.

2
GMmzmv :Vzml

r? r r

3.  An antificial satellite travels in a circular orbit about

the Earth. Its rocket engine is then fired and pro-
duces a force on the satellite exactly equal and
opposite to that exerted by the Earth's gravitational

field.
The satellite would then start to move

A along a spiral path towards the Earth's sur-
face.

1000 Physics Wc% with HELPs

. D -
Fromiiantl. [ =P

Gravitational Field

B along the line joining it to the centre of the -

Earh (i.e. radially).
C along a tangent to the orbit.
D in a circular orbit with a longer period.

llelping concepty

Since the net force on the satellite along the radial
direclion is zero after the rocket enging is fired, no net
motion will occur in the radial direction. Hence, t'he
satellite starts to move along 2 tangent to the orbit.

4. An experimental satellite is found to have a weight
W when assembled before launching from a rocket
site. It is placed in a circular orbit at a height h=6R
above the surface of the Earth (of radius R).

What is the gravitational force acting on the sat-
ellite whilst in orbit?

w w
A 5 B 7
w w
C 36 STy
Helping concepty
On the Earth's surface, W=GR# whilst in orbit,
_ GMm :LV_
(7R)? 49’

5. _lf a body of mass m were released in a vacuum
]ust' above the surface of a planet of mass M and
radius R, what would be jts gravitational accel-

eration?
A .gm_M B GmM
R RZ
c Gm b &M
R F
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Topic 7 Gravitational Field

Frequently Examined Queslions

Helping concepty

The gravitational force between the body and the planet
is

F=G%’2ﬂ

By Newton's second law, the gravitational accelera-
tion of the body of mass m is

GM

as= 2

3|

6. The radius of the Earth's orbit about the Sun is

1.50x 10" m. The Earth takes 365 days to orbit
the Sun,

What is the mass of the Sun?

A 6.40 x 10% kg
C 1.16x10% kg

B 2.01x10% kg
D 3.31x10% kg

_ Helping concepty

% = Mere?
r’ow? _ r:i(zr_:)z _ 4ar%r’
G G  GT?
_ 472(150x 10'")3
(667 x107"")(365 x 24 x 60 x 60)°

:Ms=

7. The Earth may be considered to be a uniform
sphere of mass M and radius ‘R. Which one of the
following equations correctly relates the universal
gravitational constant G to the acceleration of free
fall g at the surface of the Earth?

_gM 2
A G—F B =H_
gM
RZ
. c Gg=91 D G- M2

. Helping concepty

The gravitational force on a body of mass m on the
Earth's surface is given by

2 g0=—— =>QG=

F:mg:G.M_rzn GM gRZ
R R2 M

1000 Physics mc? with HELPs

=201x10% kg

8. Star X of mass 2M and star Y of mass M perform

circular motion about their common centre of mass
under their gravitational attraction.

Ignoring the effects of any other bodies, what is

force actingon X ,

the ralio force actingon Y

A1 B 2

CcC 4 D 1/2
Helping concepty

The force acting on X is the same as the force acting
on Y.

force actingon X 1
® YorceactingonY

where d is the

M 2
It is given by F = G(2M)( )= 26’;4

J2
distance between the stars.

9. A satellite of mass m is in a circular orbit of radius
r about the Earth, mass M and remains at a ver-
tical height h above the Earth's surface. Taking
the zero of the gravitational potential to be at an
infinite distance from the Earth, what is the gravi-
tational potential energy of the satellite?

A mgh B -mgh
C -GMm -GMm
r 2r
Helping concepty

The gravitational potential energy of the satellite at dis-
tance r from the centre of Earth is given by

r r
u- | Far=| M ar
» r

2

= [-G'—Mﬂ}r = —G@

r r

10. A meteorite falls freely towards the centre of an
isolated spherical planet of radius R. When it
_reaches the surface of the planet, its acceleration
is g,.

What is its acceleration when at a height 2R above
the surface?
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Frequently Examined Queslions

1 1
995 B ng

1
c Egs D

_
Hclpingamcept\*

— 87

Using the formula for gravitational field strenglh,

g= GTM we have
’

9= Tt -e-(1)
an=(§£;2 ----- ()
(_2_); g_2f?_=(i)2
N g, 2R
92n =10,

11. The acceleration of free fall on the surface of the
Eanh is 6 times its value on the surface of the
Moon. The mean density of the Earth is 5/3 times
the mean density of the Moon.

It r. is the radius of the Earth and r, the radius of

. E
the Moon, what is the value of r_?
M

A 1.9 B 36

C 6.0 D 10
Helping concepty
Acceleration of free fall, g:GMz=i3£Gpr

r

where M=mass of planet,
p = density of planet,
r=radius of planet (assuming spherical shape).

9e _ Iefe 'e

O Pl m

12. A mass mis al lixed point Q. It produces a gravi-
tational potential at point P, distant r from Q.

Q P
= o
| r

|

1000 Physics W“f with HELPs

This gravitational potential is equal to the exter-
nal work done on unit mass in moving it.

A from P to Q.
B from Q to P.
C from P to infinity.
D from infinity to P.

Helping concepty

Gravitational potential at a point is defined by wgrk
done in bringing a unit mass from infinity to the point.

13. On the ground, the gravitational force on a satel-
lite is W. What is the gravitational force on the
satellite when at a height R/50, where R is the
radius of the Earth?

A 1.02w
C 0.98W

B 1.00W
D 0.96W

Helping concepty
The gravitational force F on a satellite is given by

F=gMm
P
where G is the gravitational constant,
M is the mass of Earth,
m is the mass of satellite,
ris the distance from centre of Earth to satellite.

' 1
Fo—
rZ

Now, F=W when r=R..

. R 51
To find F'where r=R+-—=2R
50 5o v We have

2
F R. 50,5
— | — - F= W: .
W [2&”]‘ (——51) ogaw

14. The gravitational field strength at a point P on the
Eanh's surface is numerically- equal to
A the acceleration of free fall af p,

B the chang_e in potential energy per unit dis- "
tance from P. . - ,
C the force acting on any body placed at P.

D the work done in brin

C ging unit mass from
infinity to P. ' :
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Frequently Examined Questions

Helping concepty
By definition, gravitational force,
F= C:‘-MzrH =mg

where m is the mass of object on the Earth's surface.
Or, gravitational field strength,

.g:—
m

= gravitational force per unit mass
= acceleration of free fall

15. Two instruments are used on the Earth to mea-
sure the mass of an object. A spring balance reads
600 g and a lever balance requires six 100 g
discs to balance. : :

If these measurement were to be repeated on the
Moon, where the gravitational field is 1/6 of its
value on Earth, which results would be expected?

reading on number of 100 g discs required
spring balance | for balance on lever balance
A 600 g 6
B "600g 1
o 100 g -6
D 100g 1
Helping concepty

A spring balance measures the weight of an object
while a lever balance compares masses of objects.
On the Moon, the weight of an object is 1/6 that on
Earth, but the mass is not affected.

16. The diagram shows two points X and Y al dis-
tance L and 2L from the centre of the Earth. The
gravitational potential at X is -8 kJ kg™

o™ *

L

2L

What is the gain in potential energy of a 1 kg
mass when it is moved from X to Y?

A -4k B -2 kJ
C +2kJ D +4 kJ

1000 Pbysics Wc? with HELPs

Helping concepty

The gravitational potential at X is -8 kJ kg™'. The gravi-
tational potential at Y is inversely proportional 1o ils
distance from the centre of the Earth. Hence, its values
is hall of thal at X, or —4 kJ kg™'. Gain in potential
energy of a 1 kg mass when it is moved fron X to Y

IS

—4kJKkg' ~ (-8 kJKkg') = +4 kJ kg™’

17. In this question, you can consider all the mass of
the Earth to be concentrated at its centre.

Work to five significant figures using the following
data: :
Mass of Earth=5.9768 x 10% kg

Distance of San Francisco from centre to
Earth=6.3782x 10° m

Gravitational constant G=6.6730x 10" Nm?kg~?

What is the value of g, the gravitational field
strength of the Earh, in San Francisco?

A 9.8038 N kg
C 9.8100 N kg

B 9.8067 N kg
D 9.8879 N kg

Helping concepty

0= %
_ (66730x107'")(5.9768 x 10%)
) (6.3782 x 10°)?
=9.8038 Nkg™'

Note that all the values are given in five significant
figures, so the final answer for gravitational field
strength is also in five significant figures.

18. A stationary object is released from a point P, a
distance 3R from the centre of the Moon which
has radius R and mass M.

e ——— — -9 1
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Frequently Examined Questions

Which one of the lollowing expressions gives the
Speed of the object on hilling the Moon?

1 1

2GM )2 4GM \2

S

1 \

c (2GM)2 D (4GM)5
R R

e
H clping concepty
—_ S

Gain in kinetic energy by the object = Loss in gravila-
tional potential energy by the object (of mass m)

- Ly o GMm,  GMm, _ 1 . 26M
2 3R R 2" 3R

*. Speed of the object, v - "‘GJ
3R

19. A satellite of mass m is placed in an equatorial
orbit so that it remains vertically above a fixed
point on the Eanh's surface.

It w is the Earth's angular velocity of rotation and

M is the Earth's mass, what is the radius of the
satellite's orbit?

1 1
3 Gm |3
e e e
) )
-2 1
c Gr713M 3 o [G/;A]z
«w )
Helping concepty

e ——

If ris the radius of the satellite's orbit, we have

- Mm
gravitational force, F = G5~ = mr?
r
- Gf;/l -3
)

U

20. A salellite of mass 810 kg is to be raised from the
Earth to a height of 92,0 km above the surface of
the Earh.

What is the necessary increase in the potential
energy of the satellite?

1000 Physics Wc? with HELPs

The mass of the Earth is 5.98 x 10** Kg.
The radius of the Earth is 6370 km.

B 7.31x10°J
D 7.31x10° J

A 7.22x10% J
C 722x10'J

Helping concepty .
Note that the formula, GPE = mgh cannot be used here
as g is not constant,
8
i.e. mgh=(810)(9.81)(92 x 103) =731x10" J.

Correct answer should be:

AGPE = (- GMm) (- GMm)
r n
1
—)
>
=(6.67 x107"")(5.98 x 10%*)(810)

1 1
x( 3— 3)
6370x10° (6370+92)x10

=722x108 J

= GMm(l—
h

21. Outside a uniform sphere of mass M, the gravita-
tional field strength is the same as that of a point
mass M at the centre of the sphere.

The Earth may be taken to be a uniform sphere

of radius r. The gravitational field strength at its
surface is g.

What is the gravitational field str.

ength at a height
h above the ground?

gr’ B gr
(’+h>2 r+h
. 2
c gl(r-h) B g(r-h)
r 2
Helping concepty
On the sudace,
g= GT- = GM=gr?

p
Al a height h above the ground,

gravitational field strength = —GM _
(r+h)?

-9
(r +h)?
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Topic 7 Gravitational Field

Frequently Examined Quesﬂons

22. A satellite of mass 50 kg moves from a point where
the gravitational potential due to the Earth is
-20 MJ kg' 1o another point where the gravita-
tional potential is —-60 MJ kg™'.

During this change of position, it has moved
A closer to the Eanth and lost 2000 MJ of po-
tential energy.

B closer to the Earth and lost 40 MJ of potential
energy.

C further from the Earth and gained 2000 MJ of
potential energy.

D further from the Earth and gained 40 MJ of
potential energy.

Helping concepty

: P, =-60 MJ kg™ A
——————
B P, =-20 MJkg™"

The gravitational potential at infinity is taken as zero.
Thus, the nearer the gravitational potential to zero, the
further the satellite is away from Earth,

Hence, the satellite has come closer to Earth and lost
its potential energy moving from A at —20 MJ kg™ to
B at =60 MJ kg™'.

~. Potential energy lost = (60 - 20)50 = 2000 MJ

23. A satellite moves at constant speed in a circular
orbit about the Earth.

Which statement about the momentum and kinetic
energy of the satellite is correct?

momentum | kinetic energy

A | constant changing

B | constant constant

C | changing changing

D | changing constant

Helping concepty

4

m m

v
Linear momentum (mv) of the satellite is a vector quan-

tity, whereas its kinetic energy (%mvz) is a scalar

quantity.

1000 Physics Wczf with HELPs

24, A salellite orbits a planet at a distance r from its
centre. Ils gravitational potential energy is
-3.2 MJ.

Another identical satellite orbils the planet at a
distance 2r from its centre.

What is the sum of the kinetic ecnergy and the
gravitational polential energy of this second sat-

ellite?
A 040 MJ B -0.80 MJ
cC -16 MJ D -6.4 MJ
Helping concepty
GPE=_GMm
r
3aMy=-8MT )
r
GMm

Total energy of satellite, GPE + KE= - or

As 2r distance away from the planet centre,

GMm

2(2r)

_ GMm
4r

= 1(-32 M)

=-0.8 MJ

total energy, £ = -

25. A communications satellite which takes 24 hours
to orbit the Earth is replaced by a new satellite
which has twice the mass of the first.

If the new satellite also has an orbit time of 24

radius of orbit of new salellite
radius of orbit of old satellite

hours, then the ratio

is
AL B .
2 1
c 2 p 2,
1 1
Helping concepty

If mis the mass of the satellite orbiting the Earth of
mass M at a distance R from centre of Earth, then
mR(2%)2 - GMm
T R
where G is the gravitational conslant and T the period
of the salellite in its orbit.
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. [A A

L T=2r]_ xR? Independent of the mass of the
GM

satellite,

Hence, for same period of orbit,

26. For points outside a uniform sphere of mass M,
the gravitational field is the same as that of a point
mass M at the cenire of the sphere. The Earth

may be taken to be a uniform sphere of radius r
and density p.

How is the gravitational field strength g at its sur-

face related to these quantities to the gravitational
constant G?

PPNC B o..3G
r? 4nrp
4rrpG 4rr?pG
c =T D =7
9773 9773
Helping concepty

Consider a point mass m on the Earth's surface, the
gravitational force F is given by

earth's surface
F- GNzlm _
r

mg mn

Hence, gravitational field strength, g, is given by

GM G, 4 ,
=—m=—(p—0rr
9="7 =2zlpgrr)

_4rrpG
K

27. The diagram (not to scale) represents the relative
positions of the Earth and the Moon,

The line XY joins the surface of the Earth to the
surface of the Moon.

Which graph represents the variation of gravita-
tional potential ¢ along the line XY?

1000 Pbysics WC% with HELPs

Frequently Examined (sJuestions

4 ’

Helping concepty
Gravitational potential along XY
= potential due to Earth + potential due to Moon

¢ will be negative with a turning point between X and
Y where the net gravitational force equals zero.

28. Which statement about geostationary orbits is
false?

A A geostationary orbit must be directly above
the equator.

B All satellites in a geostationary orbit must have

the same mass.
C The period of a geostationary orbit must be 24
hours.

D There is only one possible radius for

a geosta-
tionary orbit.

Helping concepty

For a geostationary satellite,

GMm _ mv?
R? R

where M : mass of Earh,
m . mass of satellite,

R : distance between centres of Earth and satel-
lite, i.e. the satellite is above equator,

. 2-GM _ 2, GM 4r°R°
LV 7> ( T ) = 5= T= oM
For geostationary orbits, T= 24 hours.

It can be seen that there is
for a geostationary orbit.

only one possible radius

T does not depend on m, the mass of the satellite.
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Frequently Examined Questions

29. The neutral point in the gravitational field between
the Sun, the Earth and the Moon is the point al
which the resultant gravitational field due to lh.e
three bodies is zero. The mass of the Earth is
about 80 times the mass of the Moon.

At what position is it possible for the neutral point
to be? (The diagram is not drawn to scale.)

Moon

O

A- *B

-C

ok

Earth

Helping concepty
Neutral point of Earth and Moon only is A.
Neutral point of Earth and Sun only is D.

The neutral distance is nearer to the Moon as its mass
is smaller than Earth. Hence, the neutral point of the
combined three masses must be nearer to the Moon
and is towards the direction of the Sun.

30. The diagram shows a solar satellite, mass m,
positioned directly between the Earth, mass M,
and the Sun, mass M. The satellite is a distance
r from the Earth and a distance R from the Sun.

Helping concepty

By Newton's second law,

Fret =ma

As satellite moves round the Sun in circular motion,
there is a net force towards the Sun.

Fsun ~Feann = mRm*
GMgm _ GMgm = mAm?
R? r?

31. Two stars of mass M and 2M, a distance 3x apar,
rotate in circles about their common centre of
mass O.

The gravitational force acting on the stars can be

kGM

written as -
X

What is the value of k?

@ r L R A 0.22 B 0.50
' 4

t : C 0.67 D 20
Ea.nh, satéllite. Sl;n

mass M, mass m mass ;Ws

The satellite rotates in a ciréie around the Sun
once a year and therefore moves around the Sun

with the Earth, both having the same angular

velocity .

Which force = mass x acceleration equation ap-
plies for the satellite?

GMgm
A 72 =mx (Rw?)
B GA’;’Sm:mx(er)
GMzm GMgm
Cc (—ZE———S—)=mx(Hru2)
r R
GMgm GM,
- =mx(Ru?)

1000 Physics mc% with HELPs

Helping concepty

_ GMm _ Gl2M)(M)

F
r? (x +2x)?
_(2,GM?, _ GM?
—(9)( " ) =(0.22)( " )
s k=022

32. A salellite of mass m is moved from a circular
orbit of radius r, around the Earth to a new circu-
lar orbit of radius r, as shown.
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satelitc®,
mass m

The mass of the Earth is M and the gravitational

constant is G.

What is the increase in the potential energy of the

satellite?

A GM(ri - rl) B emL-t

2 h non
c GMmL-1,

D GMm-1,
L on r

1 N

Helping concepty

Potential energy at r, = - GMM

h
Potential energy at r, - _GMm
2
Increase in potential energy from rtor,

__ GMm (- GMm)
r n
= GMm(l._._l_)
non

33. A satellite of mass m moves in a circular orbit at

speed v and distance r from the centre of a planet
of mass M.

.

What expression gives the total energy of the sat-
ellite?

1000 Physics WC% with HELPs

Frequently Examined (g)uestions

vz_ﬁf‘i)
B m > P

2 ‘ vi GM
c m(v—-+—GM) D m(?+_r_]

Helping concepty

Tolal energy, E =KE+GPE

=1tmy2 (_ﬂ’ﬂ)
r

_m[¥2_GM

- 2 r

34. A satellite is orbiting the Earth.

The gravitational force on the satellite is Fg- The
centripetal force required to maintain the satellite .
_in orbit is Fe.

Which diagram shows the force, acting on the
orbiting satellite?

‘Helping concep

The gravitational force is the ce
act in the same direction,

ntripetal force. They

i A.n astronomical gas cloud has mass M and ra- -
dius R. The gravitational potentia| on its surface -

Si

GM
s —? and at its centre Ois —M

2R
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A unit mass is moved slowly by means of an
extemnal force from the surface S 10 the centre O.

What is the work done on the mass by the exter-

nal force?
_5GM g _GM
2R 2R
GM 5GM
¢ %R D SR

Helping concepty

Work done = change in potential energy

= A(mg)

= mA¢
_[_3GM _ _GM
’m[ 2R ( R)]
__GM . _ 4y
=-R (rm=1)

where ¢ is the gravitational potential.

36. An unpowered artificial satellite called SOHO has
been placed in a stable orbit around the Sun at
a distance of 0.99R from the Sun, where R is the
orbital radius of the Earth. The satellite is always
on the radial line from the Sun to the Earth so that
it has a period of 1.0 year, the same as the Earth.

Sun

- - - - e = - e e M= e e

satellite

(not to scale)

Which statement relating to the satellite helps to
explain how it is possible for its period to be 1.0

year?
A The gravitational field of the Sun al the sat-
ellite is reduced by the presence of the Earh.

B The gravitational force of the Earth on the

satellite balances the gravitational force of the
Sun on the satellite,

1000 Physics mc% with HELPs

Frequently Examined Questions

C The mass ol lhe satellite is much less than
the mass of the Earth.

D The resultant gravitational force on the satel-
lite is less than the gravitational force the Sun

exerts on il.

PE——

Helping concepty
il i el X

By using Newton's second law,
ZF =ma= mr(%:i)2

Net force on salellite doing circular motion around the
sun.

F 2

sun Feann

2r
= mr(—f)

Net force will affect the period of revolution inversely.

Note that option A is also a true statement, but is an
inferior answer compared to answer D.

Earth
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Oscillations

8—r Key content that you will be examined on
1,

Simple harmonic motion

2. Energy in simple harmonic motion

3. Damped and forced oscillations: resonance
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makes n complete oscillations in one second.
What is its anqular frequency?
1

A nrads™ B Frads"
C 2mnrads™ D 27 rads”
n
Helping concepty

Frequency, f=n Hz

Angular frequency, o =2xf =2mrads™

2. In some circumstances, resonance is useful and
in others it is a nuisance.

What is a useful example of resonance?
A The air column in a clarinet resonates when
air is blown over the reed.

B The rear-view mirror of a car resonates at a
particular engine speed.

C A suspension bridge resonances in a gusting
wind.

D An ornament placed on a loudspeaker cabi-
net resonates when a particular note sounds.

Helping concepty

All except option A are examples of resonance as nui-
sance. .

3. A body performing simple harmonic motion has a
displacement x given by the equation x= 30sin50!,
where ! is the time in seconds. What is the fre-
quency of oscillation?

A 0.020 Hz B 0,13 Hz &
vl

Oscillations

o = 2af =50 rads™

1. A body moves with simple harmonic motion and  The angular frequency of the motion is thus

The frequency of oscillation is hence calculated to be

-0
2r

f =80 Hz

4. A simple harmonic oscillator has a time period of

10 seconds.

Which equation relates its acceleration a and dis-_-

lacement x? W
p Lo Q}/f_;
A a=-10x B a=-(207)x w
C a=-(207)°x D a=-(27/100x
lHelping concepty

a= —(')2)( and m=—
T
wnere i iS the period.

_(2_"1)2 X

10

5. A particle performs simple harmonic motion of
amplitude 0.020 m and frequency 2.5 Hz. What is

its maximum speed?
A 0.008 ms™ B 0.050 ms™'
C 0.125 ms™ D 0314 ms™
Helping concepty
Maximum speed is given by

V=rw

where r is the amplitude of oscillation =0.020 m,

O v
C 8.0 Hz D 30 Hz VA W frequency f.

Helping concepty
Given the displacement of a S.H.M.,
x = 30sin50t

1000 Physics mc% with HELPs

" =2nf =27(25)=1571rads”"'

" Vax =(0.020)(15.71)=0.314 ms™"

o w is the angular frequency which is related to
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6.  Simple harmonic motion is defined as the motion
of a paricle such that
A its displacement x is always given by the
expression x = x, sinamt.
B ils displacement x is related to its velocily v
by the expression v=x.

C its acceleration is always w®x, and is di-
rected at right angles to its molion.

N}

its acceleration is proportional to, and in the
opposite direction to, the displacement.

Helping concepty

Simple harmonic motion is described by the equation

¥ = —-»=®x which states that the acceleration of a par-

ticle is always proportional to, and in the opposite
direction to, the displacement.

7. A body performs simple harmonic motion with va
period of 0.063 s. The maximum speed of the
body is 3.0 ms™.

What are the values of the amplitude x, and the

angular frequency m ?

Xg/m|w/rads”
A | 0.030 100
B| 019 16
Cc| 53 16
D| 33 100

Helping concepty
27 _ 27

T 0063

=100 rads™’

Angular frequency, =

Vinax = g = 3=100(xp) = Xg =0030m

8. The diagram below shows the trace on an oscil-
loscope screen when a sinusoidal signal was

applied to the Y plates.

N] /] /]
NA NV

Given that the linear lime base was sel to 2.00 ms
per division, what was the frequency ol the sig-

nal?

1000 Pbysics WC% with HELPs

A 625 Hz B 156 Hz
C 312 Hz D 625 Hz

Helping concepty

The number of complete revolutio
screen is 2.5.

. 25T =(200x107%)(8) = T =64x 107 s

n shown on the

Frequency of the signal is given by

1 - =156 Hz
6.4x10

f=

1
=

9. The ionosphere contains free electrons. What is
the amplitude” of oscillation of these electrons
when subject to a 200 kHz electronmagnetic wave
in which the oscillations of electric field have am-

plitude 5x 1073 Vm™'?
B 40x10° m
D 56x10* m

A 32x10" m
C 25x10®" m

Helping concepty
The force acting on an electron by the eleétric field is
F=eE
where e=1.6x 10" C for electron,
E=5%x10" Vm™.
If x is the amplitude of the oscillator o( the electron, we

have

F = mi = me®x

where m=9.1x 10" kg for electron,
o =2nf =2r(200x 10°) rads™".

5x107°

eE  1.6x10™"
47%(200x1 03)*)

me? (9 1x10™¥
=56x10"m

N

X =

10. Which graph correctly represents the variation of
acceleration a with displacement x for a body
moving in simple harmonic motion?

a a
’ _ L‘ﬁ
/% g 0 X
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Helping concepty
For S.HM,

BN

a=-0°x

where w is constant.

11. A mass of 8.0 g oscillates in simple harmonic
motion with an amplitude of 5.0 mm at a frequency

of 40 Hz.
What is the total energy of this simple harmenic

oscillator?
A 016 mJ B 63 mJ
c 13 mJ D 640 mJ

Helping concepty

Total energy = KE +elastic PE
=maximum KE

2
max

3

Vv,

N[ N= N|a N[
3
D
<
Ek
»
~

mew? x2a

m(2af)? x2a
= 2(80 x107%)(2r x 40)%(5.0 x 107)?

=63mJ

12. A resultant force F acts on a particle moving with
- simple harmonic motion.

Which graph shows the variation with displace-
ment r of force F?

F F

"—0 -

-0

1000 Physics mc% with HELPs

Frequently Examined Questions

Helping concepty
aere T
In simple harmonic motion, a = —0?r.

Since F=ma,
F = —-maw?r

- F is directly proportional to —r.

13. A pendulum is driven by a sinusoidal driving force
of frequency f. T

Which graph best shows how the amplitude a of
the motion of the pendulum varies with f?

ol
b b

Helping concepty

Graph A shows the phenomenon of resonance, ie. -
the amplitude a is high when driving force frequency
equals the natural frequency of the pendulum.

14. The graph shows the shape at a particular instant
of part of a transverse wave travelling along a
slring.

] P S
0 <N\ N
l \_.ﬁislance along s|ring\

R

Which statement about the motion of points in the
string is correct?
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Frequently Examined Questions

The speed at point P is a maximum.

The displacement at point Q is always zero.
The energy at point R is entirely kinetic.
The acceleration at point S is a maximum.

OO m>»

Helping concepty

Each point is a particle doing simple harmonic motion.

P Q R S

displacement | max. | zero | max. | max.
velocity Zero | max. | zero | zero
acceleration | max. | zero | max. [ max.

15. A pendulum bob has a speed of 0.264 ms™' al the
mid-point of its travel. It is oscillating along the arc
of a circle of radius 0.962 m.

What is the total angle through which it is oscil-

lating?
A 4.9 B 7.0°
C 9.8 D 14°

Helping concepty

PR B P R

0.264 ms”'

Using conservation of energy,

mgh = %mv"‘

2g  2(9.81)

2 2
h=Y_ (0264)° _ 325,10 m

=

- x=0.962-(3.55x107°)=0.958 m

0.958
. =" = 0
0S¥ =0.962

=49

Total angle, 20=2(4.9")=98"

16. In a fairground shooting game, a gun fires at a
moving target. The gun fires by itsell at ranc'iom
times. The player has to point the gun in a hx.ed
direction, and the target moves from side to side

with simple harmonic motion.

1000 Physics WC? with HELPs

target

d the player take a fixed

i ion shoul
At which regi of hits?

aim in order to score the greatest number

either 1 or 5
any of 1,2, 3, 4 and 5

A 3 B
C either 2 or 4 D

Helping concepty

The target has its velocity at zero when at the tvx{o
extreme ends. The average velocity of the target in
region 1 .or 5 is thus the slowest and hence time
exposure of the target in either region 1 or 5 will be
the longes!. Hence, the aim should be taken at either
region 1 or 5 to score the greatest possible number of

hits.

17. Itis important that a car suspension system should
be critically damped. ’

The equilibrium height above the ground of the .

bodywork of such a car is H,. The body of the car
is raised slightly to a greater height and released
at time t=0. Assume that the car tyres remain in
contact with the ground throughout and there is
critical damping. :

Which graph shows how the height of the car body
above the ground varies with time? ’

A B height
H,t-
0
C D  height
HD
0
Helping concepty

A critically damped spring returns to its equilibrium
position in the shortest possible time,
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Topic 8 Oscillations

18. The value of g, the acceleration of free fall, is
found by determining the period T of a smp!e
pendulum and using the relationship

T=2rJ(1/g), where ¢ is the length of the pen-

dulum. The experiment is repeated for different

values of the amplitude, keeping ¢ constant, and
the resulting value of g is found to vary system-
atically. How should the best value for g be de-
termined?

A Plot values of g against amplitude and ex-
trapolate to zero amplitude.

‘B Plot values of g against amplitude and take
the point where the slope is a maximum.

C Take the mean of all values of g.
D Take the root-mean-square value of all. val-

ues of g.
Helping concepty
Given T = 27r\/z.
g .
. i _L g= 472
" 4x® g T2

At large amplitude, the pendulum swings faster to keep
the same period T for the given length ¢. But faster
swings increases the centripetal force and stretches
the pendulum in /. Hence, the period T would increase

a bit with a stretched length /' . If we can measure the

variation of s, we can calculate g accurately. But it is

easier to assume no change of ¢ by plotting g against
amplitude and extrapolate to zero amplitude.

19. The diagram shows two oscillations.

.‘m.l;

displacement

Helping concepty

The wavelength (27 rad) of the oscillations corre-
sponds to 8 divisions on the lime scale. The phase
difference belween the oscillations corresponds to 1
division of the time scale. Hence, the phase difference
is given by

_2r

n
AG 1) =—rad
8 (0 4

20. Which diagram shows the variation with time t of
the displacement y of an object that is undergo-
ing lightly-damped oscillations?

y

) Al
0 \/ \/r

VA
VI

Lo

What is the phase difference belween the oscil-

lations?
Vs n

A —rad L
4 B > rad
3

C -Zfr rad D ~rrad

1000 Physics mc% with HELPs

B AR\V/ER\V/ERR \/\\/\\/,

Helping concepty

The succeeding amplitudes will be of smaller value as
time increases.
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Frequently Examined (s )uestions

21. The resultant force F on a body moving in a

straight line varies with displacement x from a fixed
point as shown in the graph.

F

'\ﬁ

Which graph represents the variation with x of the
potential energy E  of the body?

E E

P P

Helping concepty

From the graph, F=—kx, the motion of the body is thus
simple harmonic motion.

= potential energy of the body
=E,

22. A body moves with simple harmonic motion about
a point P. The graph shows the variation with time
t of its displacement x from P.

X

ITANAR
\/r

1000 Pbysics Wc% with HELPs

Which graph shows the variation with time t of its
acceleration a?

a a
A B
0 0 t
a

AV
Or%t : | ’

— o

Helping concepty
For S.HM, a=-m?x.

The graph of acceleration is reflected about x-axis com-
pared to that of its displacement.

23. A mass hanging from a spring suspended from
the ceiling is pulled down and released. The mass
then oscillates vertically with simple harmonic
motion of period T. The graph shows how its
distance from the ceiling varies with time t.

100

distance from
ceiling/cm

P S T

t .

N~ = ——

What can be deduced from this graph?

A The amplitude of the oscillation is 70 cm.
B The kinetic energy is a maximum at r=1,

C The restoring force on the mass increases

belween t=0 and t=1_

‘ 4
D The speed is a maximum at t:l_
4

Helping concepty

Amplitude of oscillation = %(1 00-30) = 35 cm

- (A) is incorrect.
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Frequently Examined Queslions

At t =1, the velocity of the mass is zero as il is al the
turning point. The kinetic energy is minimum here.
.. (B) is incorrect. .

The mass is at the equilibrium point at t = . Hence,

the restoring force on the mass decreases between

t=0 and (=1 and increases between t=1 and

_T
t—5.

-~ (C) is also incorrect.

24. The defining equation for a particle moving in
simple harmonic motion is

a=-wx
where a is the acceleration of the particle, x is the
displacement and « is the angular frequency.

The graph shows how a varies with x for a par-
ticle moving in simple harmonic motion.

25. Which graph best shows how the velocity v of an
object performing simple harmonic motion of am-
plitude a varies with displacement X for one com-
plete oscillation?

(@]
Q
>

/.

|
[\
ol
Qo
>

\

a/ms-
-a 0 a
pagzmmeemeemeeennennees 104 *
T T T T T —0 T T T T T T
-6 -5 4 -3 -2 - 0 2 3 4 5 6
¢ox/cm
T 1S A b m—————
‘ Helping concepty

What is the amplitude and period of the motion?

amplitude/cm | period/s
A 5.0 0.44
B 5.0 14
Cc 10 0.44
D 10 14
Helping concepty

Amplitude is maximum distance from equilibrium

equals 5.0 cm.
Using the coordinate point (-5, 10),
10 = -0?(-5x107?)
2r
200 = (=)
(=)
T=044s

1000 Physics mccj with HELPs

Recall the formula: v = +wya® - x?

26. Two bodies P and Q are given an initial displace-
ment x; and then released. The graphs below
show how their displacement vary with time.

X X

Xo Xy

NIWAWAWA
\/U\/\/lo- t

Q

P and Q are then subjected to a driving force of
constant amplitude and of variable frequency /.
Which graph besl represents the way in which
the amplitudes of P and Q vary with  ?
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amplitude amplitude
Q
A Q B P
o 0
f f
amplilude amplitude
P
C D
Q
0

-~

Helping concepty

From the given graphs in the question, we observe
that both P and Q have the same frequency of oscil-
lation (same wavelength). However, Q is heavily
damped as compared to P. When both bodies P and
Q are subjected to forced oscillation of variable fre-
quency f, the peak of P and Q will occur at the same
frequency. P will demonstrate a higher amplitude than
Q since it is lightly damped as compared to Q.

27. The three bodies, represented as P, Q and R in

the diagrams below each show simple harmonic
motion.

frictionless slider and springs

A

o

mass of springs simple pendulum

In which of these systems will the period increase
if the mass of the body increases?

1000 Physics Wc% with HELPs

Frequently Examined Questions

B Q only
D Q and R only

A P only
C P and Q only
Helping concepty

The period for each of the three systems is S.H.M. for
P is given by

Mp
=2r |—
T=2r ke
where m, is the mass of body P, .

k, is the system's string constant.

p

The period for each of the three systems in S.H.M for
Q is given by

where m, is the mass of body Q;
k, is the system's string constant.

The period for each of the three systems in S.H.M. for

R is given by
T= ?_IT\/I
g

where 1 is the length of wire,
g is the acceleration of free fall.

If mass of the body increases, the period for both sys-
tems P and Q will ‘increase.

28. A door is fitted with a sprivng-operated latch as

?door / / / latch
///< o

2

position from which
latch starts to move
The latch is well-oiled so friction is negligible.

When the latch is pushed in, the spring becomes
compressed but remains within its elastic limit.

The lalch is then suddenly released.

Which graph best shows how the acceleration a
of the latch varies with the distance x it moves
before it is stopped?
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Frequently Examined Ques\ions

Frequently Examined Queslions

' a a .
A B ':
"0 x 0 X
a a
. Cc . D
0 x 0 X

Helping concepty

The latch performs simple harmonic motion alter it is

Helping concepty

For simple harmonic motion, gradient of (a vs x) graph
is 2.

H 2 2ra 4r°
gradient = m :(?) _?

ar®  4xt A
i s, gradient=—— = ——(—).
As period T doubles, g (2T)2 775
This means that the new gradient is Y% that of the
original gradient.

30. Which graph correctly shows the variation with
time t of kinetic energy E, of an object undergoing

released. The acceleration is directly proportional and
in opposite direction to the displacement from the equi-
librium point. (Note that x is not measured from equi-

simple harmonic motion of period T?

librium point.)

29. The graph shows the variation of acceleration a
with displacement x for an object undergoing

simple harmonic motion.

al/cms™
49
3]
2-]
.

T T T T
-04 403 -02 -01 _ A 0.2 03 0.4

The simple harmonic motion system is altered so
that it has a period of oscillation twice that of

before.

Which line could be produced?

B A a/cms™?
4~
3]
C 2—4
D 1

-2

1000 Physics mc% with HELPs

T T T  x/m

T y x/m

E,
A
ok N -
0 \—/T \_/2'1' !
Ek
B
N
OQ T 2T t
Ek
c
N ANV A

o S N\

Ek
0 T 2T

Helping concepty

NS N\ T !

The kinelic energy E, of an object undergoing S.H.M.
of period T is given by

E, = 1myv?
2

2

where == —'X,
at
X = acos(mt +0),

v =+mya® - x* = velocity of the object,
w= %_‘1 = angular frequency of the S.H.M.,

T =period of S.H.M.,
x = displacement from equilibrium position,
a = maximum displacement,
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= E, ==—mo?(a®-x?)

mr-;2a2[1 - cos?(mt + ())]

= —mer?a? sin(mt +0)

Nl = =

ie. E, = mm2a?[1+ cos(2eot + 26)
KTy

Hence, E, is sinusoidal with period T/2 and is non-
negative, which is best described by graph D.

31. A mass, suspended from a helical spring, is made
to oscillate.

The graph shows the variation with frequency f of
the amplitude x; of vibration of the mass.

lle
pulley Xq
oscillator
spring
mass
0 T

fy !
A sheet of cardboard of negligible mass is now
fixed to the mass on the spring to cause light
damping of the oscillations.

Which graph shows how x, will vary with f over
the same frequency range?

A B
Xo %o -
0 T —— 0 ¥ -
f f
A A
c D
Xq X,

1000 Physics mc% with HELPs

lelping concepty

The cardboard increases damping effect an
lude will decrease. This means that the new gr
below the original graph.

d ampli-
aph will
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g—r Key content that you will be examined on:

Internal energy

Temperatulre scales
Specific heat capacity
Specific latent heat

First law of thermodynamics
The ideal gas equation
Kinetic energy of a molecule

1.
2.
3.
4.
5.
6.
T.
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1. For a given liquid at atmospheric pressure, which
process can occur at any temperature?

A boiling v evaporation
C meilling D solidification

Helping concepty

For a liquid, evaporation can take place at any tem-
perature.

2. Which quantity must be the same for two bodies
if they are to be in thermal equilibrium?

A internal energy B potential energy

e
£ temperature D mass

Helping concepty

When two bodies are in thermal equilibrium, no en-
ergy transter takes place between them and they are
both at the same temperature.

3. Two bodies are in thermal equilibrium.
Which condition must apply?

A Their heat capacilies are equal.

B Their internal energies are equal.
> C  They are at the same temperature.
D

They emit and absorb electromagnetic radia-
tion at the same rate.

Helping concepty

Temperature difference between bodies indicate net
heat transfer. Hence in thermal equilibrium, the tem-
perature must be the same for two bodies.

4, How is the Avogadro constant defined?

A the constant n in the equation pV=nART
B the constant N in the equation pV= NkT

1000 Physics chﬁ with HELPs

Thermal Physics

\L/ the number of atoms in 0.012 kg of carbon-
12

D the number of particles in 0.001 kg of hydro-
gen-1
Helping concepty

By definition, Avogadro constant is the number of at-
oms in 0.012 kg of carbon-12.

5. 26 g of oxygen at a temperature of 100 °C occupy
a cubic container of side 20 cm.

The mass of a mole of oxygen is 32 g.

What is the pressure of the oxygen in the con-

tainer?
A 12 kPa B 65 kPa -

. C 240 kPa D 7800 kPa .
- - J'J
Helping concepty "7'21/1-7'
pV =nRT

(2)(8.31)(100 + 273)
- NRT _ = = 242 kPa
v (20x107%)°

6. What is 273.00 K on the Celsius scale of tem-

perature?

& =015 °c” B 0.00 °C

e\ 0.15 °C D 273.15 °C
Helping concepty

The Celsius temperature, symbol #, is defined by

0 =T-273.15 where T is the thermodynamic lempera-
ture,

. T =273.00 K is equivalent to ¢ = 273.00-273.15
=-0.15°C
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Frequently Examined Questions

7. What thermodynamic temperature is equivalent to
501.85_°C?

A 775.01 K
C 77485 K

\B~ 775.00 K
D 228.85 K

Helping concepty

The Celsius temperature, symbol ¢, is defined by

@ =T-273.15 where T is the thermodynamic tempera-
ture.

*. 8 =501.85 °C is equivalentto T = @ +Q_73.1s P/

=501.85+273.15
=775.00 K

8. The temperature of a body at 100 °C is increased
by A# as measured on the Celsius scale.

How is this temperature change expressed on the

Kelvin_scale?

A A§+373 B A6+273

C 46+100 0 46
Helping concepty

Although the temperature in Kelvin is (273 + tempera-

ture in Celsius), the temperature change on either scale
is the same.

What is its temperature?

A 156 K B 429 K
C 4290 K D 29 600 K
Helping concepty
pV = NkT
pv (9.8x10)(8.7)

L T=PL

- =429 K
Nk (1.44 x10%)(1.38 x 107%3)

G e

. L (o)
- &
E, = A

/SuLs &,\C‘;
9. A system absorbs 80 J through heating while o

doing 100 J of external work.

What is the change in the internal- energy of the

system? .

A =100 J B 20 J

C +80J D +180 J
Helping concepty
AU=Q+W

= (+80) +(-100)

=-20J

. )

10. An ideal gas has a volume of 8.70 m* and con-

tains 1.44 x 102 molecules, W

’P\i; pout

Its pressure is 9.80 x 10* Pa.
D =,

- g
1000 Physics chf with HELPs

/\

~ A

11. The temperature of 1 kg of hydrogen gas is the
same as that of 1 kg of helium gas if
A the gases have the same internal energy.
B the gases radiate energy at the same rate.

C the gas molecules have the same root mean
square speed.

D the gas molecules have same mean transla-
tional kinetic energy.

Helping concepty

At temperature T, the average translational kinetic en-
ergy of gas is given by
1

Imz2 = 34t
2 2

which is directly proportional to T.

For the same mass, the temperature of hydrogen will
be the same as that of helium if both gas molecules
have the same mean translational kinetic energy.

12. A temperature may be measured by using a con-
stant-volume gas thermometer and measuring the
pressure of the gas both at the triple point of water
and at the unknown temperature. Which one of
the following procedures is necessary if two gas

thermometers, using different real gases, are lo
agree?

A Use gases of the same density in both ther-
mometers.

B Use gases of the same specific heat capacity
in both thermometers.

£ Take readings at very low pressures in both
thermometers.

D Use the same mass of gas in both thermom-
eters.
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_
Helping concepty
—

At very low pressures, all real gases behave as ideal
gas and they give same temperalture readings. Hence,

readings should be taken at very low pressures in both
thermometers.

13. Which statement concerning the evaporation and
boiling of a liquid is true?

A Boiling always occurs at a higher tempera-
lure than evaporation,

B Evaporation and boiling are unaffected by
changes in the surface area of the liquid.

\.Q/ Evaporation occurs at any temperature

whereas the boiling point depends on the
external pressure.

D Evaporation results in the loss of the most
energetic molecules from a liquid whereas in
boiling, all molecules have the same energy.

Helping concepty

Evaporation of a liquid occurs from the surface of a
liquid at all temperatures whereas boiling takes place
at a temperature determined by the external pressure
and consists in the formation of bubbles of vapour
throughout the liquid. The pressure inside is the satu-
ration vapour pressure (s. .p.) at the temperature of
thmol—nl_ﬁ'/u,tmwje may be taken as prac-
tically equal to atmospheric pressure for the liquid in
an open vessel. Hence, a liquid would boil when" its

S.v.p. equals the external pressure,

14. An electric keltle contains 500 g of water at 15 °C,

: The heating element of the ketlle is rated at
2.2 kW and the specific heal capacity of water is
4.2x10° J kg' K-,

What is the minimum time it takes 10 raise the
temperature of the water 1o 100 °C?

A 225 B 81s
C 955 D 81x10*s
I{clpiugcomepty
——t
Q = mcad
Pt = mcao
t= MeA0 _ (500x107)(4.2x 10%)(100 - 15) 81 s
P 22x10° -

1000 Pbysics mc% with HELPs

N~y
15. The thermodynamic temperature oLl a?nldeal gas
is raised from T to 2T. ~

Which quanlity must be doubled?

A the root-mean-square speed of the molecules

B~ the square of the mean speed of the mol-
ecules

C the mean speed of the molecules
D the mean-square speed of the molecules

Helping concepty
Temperature of ideal gas is proportional to its kinetic
energy, E‘mvz,

When temperature is doubled, the square of mean
speed should be doubled.

ps

16. Which statement about the first law of thermody-
namics is correct?

A The heating of a system equals the increase '

“of its internal energy plus the work done on
the system.

B The increase in the internal energy of a Sys-
tem equals the heating of the system plus the
work done by the system.

C The increase in the internal energy of a sys-

tem equals the heating of the system plus the
work done on the system. ‘

D The work done on a system equals the in-
crease of its thermal energy plus the heating
of the system. I dagy

— DS e
Hclpmgcom;ept} L . At Y
By defintion, i3 " ¢ e
\/J ] ‘\c}x"f\ »l\)(\"d
TN
y of system,

AU=0Q+W

where AU = change in internal energ

Q = heat supplied to system,
W = work done on System.

ol the Avogadro constant N,

(H,0)? .
SAA
1 _
A 3N, B %NA
C n, o 2N
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Frequently Examined Quesﬁons

Helping concepty
1H;0 - 2H + 10

The ratio of water to hydrogen atom is 1 @ 2.

Hence for one mole of water, lwo moles of hydrogen
atoms are needed. Since one mole equals to one N,
number of molecules, 2N, hydrogen atoms are
needed.

18. Air is injected from a cylinder of compressed air
into a ballon of volume V, causing its diameter to
double. What is the work done against the pres-

sure p of the atmosphere? e

A pV B 3pV YT ‘
C 4pV B~ 7pV ’
N — -2‘.1
Helping concepty =
The new volume of the ballon is now
4 4 4
V, = 5n(2r)3 = 5n(t3r3) =8(3 ar’) =gy

where V| =initial volume of the ballon =%nr’ =V.

Hence, the work done in expanding the ballon against
the atmospheric pressure p is given by

AW =pAV = p(VZ -—V1): p(aV—V): 7pV

19. The molecules of an ideal gas at thermodynamic
(absolute) temperature T have a root-mean-square
speed ¢, ..

The gas is heated to temperature 2T.,

What is the new root-mean-square speed of the

molecules? V/
e 17
K 2, B 2c,,,
c 22, D 4c,,,
Helping concepty

The root-mean-square speed is proportional to T,

- 2T
- Crms =[ T]Cun.s = \/Ecy.m.s

1000 Physics mc% with HELPs

20. In the expressions below, A is the molar gas con-
stanl, p is the pressure, T is the thermodynamic
temperature, N, is the Avogadro constant, n is the
amount of substance, k is the Boltzmann constant,
and m is the mass of gas. Which one of the
expressions is correct for the molar volume V ol

an ideal gas?

py-= wh T
" RT NART Voo 23
— B 5
\/A/ p p )
nAT o KT
p p

Helping concepty
The ideal gas equation is given by
pV,=RT
where p is the pressure in Pa,
V_ is the molar volume of gas in m?,

T is the absolute temperature in kelvin,
R is the molar gas constant.

AT
S VARSEALE .
» . 2

21. What is the approximate number of atoms in a
c.ubicmmelre of an ideal gas at a temperature of
27 °C and a pressure. of 1 x10° Pa. { y\* 9y

A 1 x10% B 1x10%

LS

P LY
C 6x10% D 2x10%* b,c;;\g‘ .
TN SR ot
Helping concepty ="

Apply the ideal gas equation, we have
pV =nAT = RT
Na
where p=pressure of gas in Pa=1x10° Pa;
V=volume of gas in m>=1 m?%
R=molar gas constant=28.31 JK' mol™,

T=temperature in K=27+273=300 K,
n=number of moles of gas,
N,= Avogadro constant=6.02 x 102 mol™".

. No. of gas atoms = ﬂNA
RT

_10°(6.02x 10%)
© (8.31)(300)

~2x10%
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22. The root-mean-square of the molecules of an
ideal gas in a sealed container is v. The gas is
heated until the pressure in the container is
trebled. Assuming that the volume of the container
remains unchanged, the value of the r.m.s. speed
is now

B 3v.

A 9v.
K J3v. D v AN

~ ¢ J//

; .

Helping concepty i ‘r}_

The speed of molecules at temperature T is given by
pV = %mEz =RT

Hence, at constant volume, r.m.s. speed of molecules
is directly proportional to its pressure p. Therefore, if
the pressure is trebled, the new r.m.s. speed is given
by

23. The values of the pressure and volume of a fixed
mass of gas in a gas thermometer at the triple
point of water are

p, =1.00x10° Pa; V, =1.00x 1073 m®.

When the pressure of the gas is 1.10x 10° Pa
and its volume is 1.20 x 107> m?, what is the tem-
perature of the gas?
A 207 K
C 273 K

B 250 K
D 361K

Helping concepty

Applying the ideal gas equation, we have

PV _ (V)
T T"
(1.10x10°)(1,20x10™%) _ (1.00x10°)(1.00x1077)
. - 27316

.. Temperature of the gas, T = (m)(ﬂ)ﬂsm
1.00 A 1.00

=361K

24. An ideal gas undergoes an expansion in volume
from 1.3 x10™ m® to 3.6 x 10" m?® at a constant
pressure of 1.3 x10° Pa. During this expansion,
24 J of heat is supplied to the gas.

1000 Physics Wc% with HELPs

What is the overall change in the internal energy
of the gas?

A decrease of 54 JVB/ decrease of 6 J
C increase of 6 J D increase of 54J

Helping concepty

Work done on gas =pAVYV
—(1.3%x10%)(36x 107 -1.3x107)

=-299J
U=Q+W Lot e
= (+24) + (-29.9) s }
=-6J ;\‘U

25. In a mixture of two monatomic gases X and Y in
thermal equilibrium, the molecules of Y has twice
the mass of those of X. The mean translational
kinetic energy of the molecules of Y is
6.0x 102 J.

What is the mean translational kinetic energy of
the molecules of X?

B 42x102 J
D 85x10% J

A 30x10%J
C 6.0x10% J

Helping concepty

The mean translational kinetic energy of the gas mol-
ecules is given by

Ime? = 3kt
2 2

which is directly proportional to temperature T.

Since the two gases are in thermal equilibrium, the
temperature T is the same. Therefore, both gases have
the same mean translational kinetic energy and the
mean translational kinetic energy of the molecules of
X is 6.0x 102" J.

26. Alter the pressure of the car in a bicycle tyre has
been increased slightly by pumping air into it, the
number of moles of air in the tyre is found to have
increased by 2%, the thermodynamic temperature
by 1% and the internal volume of the tyre by 0.2%.

By what percentage has the pressure of the air in
the tyre increased?

A 04% B
C 28%

1.2%
D 3.2%

page 114



Topic @ Thermal Physics

Frequently Examined Queslions

Helping concepty
By the ideal gas equation pV=nAT in its usual nota-
tion, we have

nRT
, P==v
- A—p=[A—”+A—T_‘5—‘/-)=(2+1-o.2)°/o:2.8%
P n T Vv

C The molecules have a range of speeds. Some
molecules travel sufficiently fast to leave the
surface of the water. There are attractive forces
between the molecules.

D The molecules have a range of speeds. The
fasler molecules are unable to leave the sur-
face ol the water. There are attractive forces
belween the molecules.

Helping concepty

27. The molecules in a gas have a mean spacing of
10x, where x is the mean spacing between the
centres of the molecules in the liquid phase. The
molecules may be assumed to be spherical.

density of liquid
density of gas

B Ji0

What' is the ratio

A o

Cc 10 D 10°
- Helping concepty
Density of a material is inversely proportional to its
volume. ‘

. For some mass of the material,

density of liquid _ volume of gas
density of gas  volume of liquid

_[ diameter of gas molecule
diameter of liquid molecule

(2

=10°

28. Below are four short paragraphs describing the
molecules in a beaker of water at 50 °C.

Which paragraph correctly describes the mol-
ecules?

72 A The molecules all travel at the same speed.

This speed is not large enough for any of the
- molecules to leave the surace of the water,
There are attractive forces between the mol-
ecules,

B The molecules have a range of speeds. Some
molecules travel sulficiently fast to leave the
surface of the water. There are no forces
between the molecules,

1000 Physics mc% with HELPs

Even at the same temperature of 50 °C, water mol-
ecules will have a range of speed. Evaporation occurs
all the time and thus, water molecules will escape the
surface of water if they move fast enough. There are
altractive forces between molecules in solid and liquid .
state.

29. An ideal gas is compressed at constant tempera-
ture.

Which line of the table is correct?

work done heating of gas

heat energy goes into gas
heat energy goes out of gas

heat energy goes into gas
heat energy goes out of gas

work is done by gas
work is done by gas
work is done on gas
work is done on gas

OO o>

Helping concepty

By first law of thermodynamics,
AU=0Q+W

FO( constant temperature, AU =0.

As gas is compressed, work is done on gas, and value
of W is positive.

o Q=-W (asaAU=0)

Hence, heat energy goes out of gas.

30. The densities of water and steam are 1.0 x 10°
kg m™ and 6.1 x 10"' kg m™® respectively.
What is the ralio

average separation of steam molecules ,,
average separalion of water molecules

A 12 B 40
C 250 D 1600
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32. A sealed U-tube contains nitrogen in one side

Helping concepty and helium at pressure P in the other, astsrcwjov;r;
; i ases are separate
For the same mass m of water and steam, the average in the dt?gdranns]i-t The Tghe acceleration of free fall
separation of steam and water molecules are given by mercury ol density p.
d and d, respectively. is g.
’ m helium at
ds= ,_)‘ nilrogen\ / pressure P
s
where pg =density of steam=6.1x 10" kg m-, 'Yy
3 = X
dw: - .
Pw

where p,, = density of water=1.0x 10° kg m=. mercury

3 3
d P 1.0x10° 2
L=t = /—": — =" =1 )
d, 0, 6.1x10™" 1639 212 What is the
A P
Cc P—x/>g

31. The density of liquid air is 700 times the density

pressure of the nitrogen?
B Xxpg
D P+xpg

Helping concepty

of gaseous air at standard temperature and pres- ~ Pressure of nitrogen = pressure of helium

sure.

Using these data, what is the approximate value

+pressure due to height of mercury
=P+ xpg

of
mean separation of liquid air molecules
mean separation of gaseous air molecules
, 33. In an experiment to investigate the relationship
200 7003 between the volume V of a fixed mass of an ideal
A - B : gas and its pressure p, a graph of pV against p
is plotted.
1 ' ; |
c 1 D ;3 Which graph shows the correct relationship at
7003 700 constant temperature?
Helping concepty pV. pv
The mean separation between two molecules is equal A B
10 its size. If d is the separation, then the volume of the
molecule (assuming spherical) is given by
0 0
P A
4 d.3 3 p
V=—nx(=) =d ‘
3 fr(z) o
f P PV
i.e. density of molecule, ;e vigE s then inversely c D
proportional to the mean separation d raised to the power
of three.
d. . 1 Al ' p
~. Ratio required = ¢ _ (ﬁmﬂ)3 =(L)3 -

Qaseous /’liquid 700 700‘; He | P i ng CO‘theptp

Ideal gas equation: pV= nRT

For constant temperature, pV=3 constant.

1000 Physics ch} with HELPs

-
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34. Inthe diagrarﬁ. the volume of bult? X is t.wice that
of bulb Y. The system is filled with an ideal gas
and a steady state is established with the bulbs

held at 200 K and 400 K.

200 K 400 K

There are x moles of gas in X.

How many moles of gas are in Y?

X X
2 B. =
A 4 2
C «x D 2x
Helping concepty
At steady state,
Px = Py
nyRTy nyRTy
VX ) VY
x(200) _ ny(400) (o Vy =2Vy)
2V, Vy
100x = 400ny
X
ny = "

35. A cylinder, closed by a moveable piston, contains
an ideal gas at 50 °C and atmospheric pressure
1.0x10° Pa. The piston is moved out until the

volume of the gas doubles and the temperature
falls to 25 °C.

What is the new pressure of the gas in-the cylin-

der?
A 16x10* Pa B 2.5x10* Pa
C 4.6x10* Pa D 1.9x105 Pa

Helping concepty

For the same amount of ideal

gas, i.e. moles of gas
are constant.

Vs _ PV,
T‘ . T2

(1.0x10°V  p,(2v)
50+273 ~ 254+273

P, =46x10* Pa

1000 Physics W“} with HELPs

36. A metal ball-bearing of specilic heat capacily c,
moving with speed v, is brought to rest. All its
kinelic energy is converted into thermal energy

which it absorbs, causing a temperature rise Af).

Whal was the value of v?

A %CA() B 2cA0
C Jean D J2can

Helping concepty

. 1
Loss in kinetic energy:Emv2

Gain in thermal energy = mc(Af)

By conservation of energy,

1

mc(AH):Emvz = v =2c(ah)

37. A small quantity, mass m, of water at a tempera-

ture ¢ (in °C) is poured onto a large mass M of
ice which is at its melting point.

If ¢ is the specific heat capacity of water and L the
specific latent heat of fusion of ice, then the mass
of ice melted is given by

‘

ML mcf)
A mc( B ML

Meco mco
C ] D .

Helping concepty
By the principle of mixture,

heat given out by water
=heal absorbed by the melted ice

" me(0-0)= ML = M:”’T"”

38. A car lyre, initially at 25 °C, has been inflated to
a pressure of 200 kPa as indicated by the pres-
sure gauge. This means that the pressure in the

tyre is 200 kPa above atmospheric pressure of
100 kPa.

Alfter driving on hot roads, the temperature of the
air in the tyre is 50 °C.

What is the percentage increase in the pressure
gauge reading?
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A 8.4% B 12.5%
C 100% D 150%

Helping concepty

At conslant volume,

P_Pe

Tl TZ
200+100 _ _ Py
273+25  273+50

p, = 325 kPa

Indicator will be 325-100 = 225 kPa.

Percentage increase = 222=290 4009, = 12.5%

200

R

39. The gj in an aircraft when travelling has

8 MJ of kinetic energy as a result of the motion
of the aircraft;

30 MJ of kinetic energy as a result of the ran-
dom movement of the air molecules;

75 MJ of potential energy as a result of the al-
titude of the aircraft;

-3 MJ of potential energy as a result of intermo-
lecular attraction between the gir molecules.

What is the internal energy of the air in the air-

craft?
A 27 MJ B 33 MJ
C 3B MM D 110 MJ

Helping concepty
Internal energy of molecules

=random KE of molecules + intermolecular PE of

molecules
=(30) +(-3)

=27 MJ

40. An electric kettle contains 1.5 kg of water at

100 °C and is powered by a 2.0 kW electric el-
ement,

If the thermostat of the kettle fails 1o operate, ap-

proximately how long will the keltle take to boil
dry?

[Take lhe specific latent heat of vaporisation of
water as 2000 kJ kg

1000 Physics mc% with HELPs

Frequently Examined Queslions
quemy = =

D

A 500 s B 1000 s
c 1500 s D 3000 s

—

Helping concepty
e 7
Il tis the time taken to boil the water dry, then
pt=Q=mL
where P= electric power supplied = 2.0 kW,
Q= heat energy absorbed by water,

m=mass of water=1.5 Kg,
L = specific latent heat of vaporisation of water

= 2000 kJ kg™
(2.0x103)r=(1.5)(2ooox103) — 1=1500s

41. The internal energy of a fixed mass of an ideal
gas depends on
A pressure, but not volume or temperature.
B temperature, but not pressure or volume.
C volume, but not pressure or temperature.
D pressure and temperature, but not volume.

Helping concepty

The change in internal energy AU of a fixed mass of
an ideal gas is given by
AU=c, AT

where ¢, is the molar heat capacity of gas at constant
volume,

AT is the change in temperature.

Hence, internal energy of the ideal gas is dependent

only on its temperature, not the volume nor ils pres-
sure.

42. A lixed mass of an ideal gas absorbs 1000 J of
heat and expands under a constant pressure of

20 kPa from a volume of 25 x 10 m® to a volume
of 50x 107 m?.

What is the change in internal energy of the gas?

A -1000 J B

=500 J
C zero D

+500 J

Hc|pillgco'noepty

From the first law of thermodynamics

AQ=AU+pav
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pAV =20x10%(50x 107 -25x10™) =500 J

Given AQ =1000J.

.. Change in internal energy, AU =AQ-pAV
=1000- 500

=500J

43. Which statement about internal energy is correct?

A The internal energy of a system can be in-
creased without transfer of energy by heal-
ing.

B The internal energy of a system depends only
on its temperature.

C When the internal energy of a system is in-
creased, its temperature always rises.

D When two system have the same internal
energy, they must be at the same tempera-

ture.

Helping concepty
AU=AQ+pAV
Statement A is correct because the internal energy of

a system can be increased by doing work (pAV) on

the system. Statements B, C and D are incorrect as the
underlying assumption for all of them is that internal
energy depends only on the temperature of the Sys-
tem. However, this holds only when the system is an
ideal gas.

44. In an experiment to determine the specific heat
capacity of a liquid by an electrical method, a stu-
dent obtained the following results.

mass of liquid heated 1.5 kg
initial liquid temperature | 300 K
final liquid temperature | 357 K
electrical power of heater 1.0 kW
time of healing 180s |

What is the specific heat capacity of the liquid?
A 21 J kg K

B 18 J kg K-

C 1800 J kg K-

D 2100 J kg K-

1000 Physics cht- with HELPs

Helping concepty
- %

ifi acily, c= —
The specific heal capacily vy

power » lime
N mass = Af)
(1.0 x107)(180)
~ (1.5)(357 - 300)

=2100 Jkg 'K

45. Which statement describes the internal energy of

a system?

A The maximum amount of work that can be
extracted from the system. _

B The sum of the kinetic and potential energies
of the particles in the system.

C The total amount of work which has been
done on the system.

D The thermal energy needed to raise the tem-
perature of the system by one kelvin.

Helping concepty

The definition of the internal energy of a system is the
sum of the kinetic and potential energies of the mol-
ecules of the system.

Note that an ideal gas is assumed to have no inter-
molecular forces of attraction, i.e. zero potential en-
ergy. Hence, the internal energy of an ideal gas is the
kinetic energy of all the molecules of the gas.

46. The temperature of a hot liquid in a container of
negligible heat capacity falls at a rate of 2 K per
minute just before it begins to solidify. The tem-
peralure then remains steady for 20 minutes by
which time the liquid has all solidified.

What is the value of the ratio

Specific heat capacity of liquid n
specific latent heat of fusion

1 -1 1 .
A —K B —K'

40 10
C 10K-' D 40K—I

—_———————
Helping concepty
— ™

Ass_uming that the rate at which heat is removed re-
mains constant,
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There is thermal energy flows into the refrigerator from

lopic ¥ 1nermai rnysIcs
A6 _ mL Helping concepty
me—=—
at T
c_1 1 1 NN B BV
—_———— X —_—= - =
L 40 T 2Kmin" 20min 40

t

47. An airgun pellet, mass m and specific heat ca-
pacity ¢, hits a steel plate at speed v. During the
impact, 50% of the pellet's kinetic energy is con-
vented to thermal energy in the pellet.

What is the rise in temperature of the pellet?

2 2
1% v
A — B —
2c 4c
2 2
mv D mv
2c 4c

Helping concepty

Thermal energy in the pellet is

Bla N N|=

6 = —(kinetic energy of the pellet)

n

—_—

N | =
3
<

1]
N

3
<

The rise in temperature of the pellet, 0, is given by

2
med=Q = mel=Lmv? = o=
4 4c

48. The contents of a refrigerator are at a constant
temperature, and the surroundings of the refrig-
eralor are al a higher temperature. Because of
this, thermal energy flows into the refrigerator from
outside, and is removed at the same rate by the
cooling mechanism.

The first law of thermodynamics may be applied
to the contents of the refrigerator. This law is rep-

resented by AU =0+W, where AU is the in-

crease ol internal energy of the contents of the
refrigerator, Q is the nel heating of the contents,
and W is the mechanical work done on the con-
tents. For the refrigerator contents, which ol the

quantities AU, Q and W is/are zero?
A AU only B Q only

C W only D eachof AU, Qand W

1000 Physics Wc% with HELPs

its surrounding and this implies that Q = 0. This same
thermal energy supply is being removed at the same

rate. i.e. W = 0. Since the temperature of the contents

is kept constant, this means that AU =0.

49. In a heating experiment, it was noted that the tem-

perature of liquid in a beaker rose at 4.0 K per
minute just before it began to boil, and that 40
minutes later all the liquid had boiled away.

For this liquid, what is the numerical ratio

specific heat capacity "
specific latent heat of vaporisation

A 7o B 0
1 1
© Ts0 D

Helping concepty

The rate of heat supply P remains constant throughout
the experiment.

It m is the mass of the liquid, c is its specific heat
capacily and L is its specific latent heat of vaporisation.

Hence, just before the liquid starts to boil.

where Q is the heat absorbed,

Ouring the next 40 minutes,

50,

P:Q=mL(L)=m_L
l 40’ " a0

The first law of ther

modynamics -
pressed as shown may be ex

AU=Q+W
where Ay s the chan

Q is the heating
Wis the work d

ge in internal energy,
of the system,
one on the System.
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A fixed mass of ideal gas at high pressure is con-
tained in a balloon. The balloon suddenly bursts,

causing the gas to expand and cool.
In this situation, which row describes the values

of AU, Q and W?

AU Q w
A [ negative negative positive
B | negative zero negative
C| positive zero negative
D | positive negative positive

Helping concepty
As the gas expands, W is negative.
Also, AU decreases as gas expands.

There is no heat supplied to the system. The cooling
occurs because of expansion.

51. Cooling water enters the heat exchanger in the
turbine hall of a nuclear power station at 6 °C and
leaves at 14 °C. The specific heat capacity of water
is 4200 J kg K.

If the rate of heat removal by the water is
6.72 x 10° J per minute, what is the rate of water

flow?
6.72x10° - 6.72 x 10° x 60 )
—=——_kgs B —<—— " kgs~'
4200x 8 g 4200 x 8 98
6.72x10° gs-! 4200x8 o
4200 x 8 x 60 6.72 x 10° x 60

Helping concepty
The rate of heat absorption by the water is

Q _me(d,-6)

T = (e, - )

Q
where i heat removal per second = 67x10° Js™
60 '

¢ = specific heat capacitor of water
= 4200 Jkg™ K", '

6; =temperature of water entering the heat ex-
changer=6 °C,

6, =temperature of water leaving the heat ex-
changer=14 °C,

m. -
= rate of water flow in kg s,

1000 Pbysics WC% with HELPs

m ,Q 1
: T=(T)(——)

c(d,-0)
_ 6.72x10°
" B0x 4200 x (14 - 6)
]
6.72x 10 kgs"

= 4200 x 8x 60

52. A 20 W filament lamp has been operating nor-

mally for an hour so that its temperature is con-
stant.
When the first law of thermodynamics is used to

quantitatively describe the filament of the lamp
after this time, which row correctly describes the

application of the first law?

rate of rate of rate of
increase of heating the doing work
internal energy / W | filament/W | on filament/ W
A +20 +20 0
B +20 0 +20
Cc 0 +20 -20
D 0 -20 +20

Helping concepty
As temperature is constant, change in internal energy,

AU =0J.

As power is continuously supplied, rate of heating, (%)

is +20 W.

To use a modified first law of thermodynamics,

AU Q. W

_

t t t
0=(+20)+#
¥=-2ow

53.

Air in a bicycle pump is forced through a valve at
a constant pressure p. In one stroke of the pump,
the volume of air in the pump chamber is reduced
from V, to v,.

Y
) to valve lo valve
initially finally
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Frequently Examined (Suestions

What is the work done on this air in one stroke
of the pump?

PV, + V,)
2
C pV,-V,) D

A B p(Vy+Vy)

pvi
Helping concepty

Magnitude of work done, W=|paV|
= Ip(vz - V|)l
=p(V,-V,) (asV,>V,)

As the volume of gas compresses, there is positive
value of work done on gas.

. Work done = p(V, - V,)

54. The graph shows the variation of temperature
change A# with time t for 1 kg of a substance,
initially solid at room temperature.

The substance is heated at a uniform rate of 2000
J min™', i

Al K
8

’ /

8 /)

o 1 2 3 4 5 6 7T 8 9 10

!t/ min

What can be deduced from this graph?

A After 4 min of heating, the substance is all
liquid.

B After 10 min of heating, the substance is all
gaseous.

C The specific heat capacily of the substance is
greater when liquid than when solid.

D The specific latent heat of fusion of the sub-
stance is 6000 J kg

1000 Physics Wc% with HELPs

Helping concepty

From time =4 lo t=7, there is no tlemperature change
even though heat is continuously being applied. Dur-
ing this time, the substance undergoes the melting
process. The amount of heal required to melt 1 kg of
a substance is called the specific latent heat of fusion.
In this case, as lhe substance takes 3 minutes to melt
completely, the amount of heat required=2000 x 3=
6000 J, i.e. its specific latent heat of fusion is 6000 J.

55. A gas undergoes the cycle of pressure and vol-
ume changes W —>X—>Y —>Z—>W shown in the

diagram.
pressure/
10° Pa
44
Y
3t---- > Z
AN L 4
24----- < w
X\ ;
: '
11 : '
[ ] (]
: :
0 i ;,3 I volume/10™ m’

N =4

4

What is the net work done by the gas?

A -600 J B -200 J
c o0J D 200J
Helping concepty

The net work done by the gas is positive and is given
by the enclosed area defined by WXYZ.

Hence, the net work done is

AW =(3x10°-2x10%)(3x1070-1x107%)
=(1x10%)(2x 107%)
=2x102
=200J

56. The first law of thermodynamics states that AU,
the change of internal energy of a system, is re-

lated to AQ, the heat supplied to it and AW, the
work done on it by the equation

AU = AQ+AW.
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and AW fora conslant mass

What are. AQ, AU
pressure?

gas which is cooled at constant

of ideal
aU AQ AW
| L ——
A | negative negative positive
B | negative negative zero
Cc zero negative positive
D [ negative zero negative

Helping concepty
When the gas is cooled at constant pressure, it is
compressed and hence positive work is done on the
gas, i.e. AW = positive. At the same time, heat is drawn
away from it when it is cooled and therefore, AQ is
negative.

Now, the equation of state of the gas gives pV= AT for
a mole of gas.

Since p is constant and V is reduced, the thermody-
namic temperature of the gas T also decreases.
Internal energy of the gas depends only on its tem-
perature, the internal energy is thus reduced or AU
is negative.

In summary, when the gas is cooled at constant pres-
sure, by first law of thermodynamics,

AU = negative; AQ = negative; AW = positive.

57. In an experiment to find its specific latent heat of
vaporisation, water is vaporised using an immer-
sion heater as shown.

Two sources of error in this experiment are:
error 1 water splashing out of the container;

error 2 vapour condensing on the handle of the

hgater and dripping back into the con-
tainer.

1000 Pl;ysics mc% with HELPs

Frequently Examined Queslions

What is the effect of these two experimental er-
rors on the calculated value for the specific latent

heat?

error 1 error 2
A | decrease decrease
B | decrease increase
C | increase decrease
D | increase increase
|

Helping concepty

When water splashes aut of the container, the mass
of water in the container falls below the measured mass.
Since specific latent heal is given Dy heal 1eauIeT, the
calculated value of specific latent heat as a result of
this error will increase. Conversely, when vapour con
denses and drips back into the container, the mass of
water in the container increases, resulting in a de-
crease in the calculated value of specific latent heat.

58. A fixed mass of ideal gas undergoes changes of
pressure and volume starting at L, as shown.

pressure/Pa

2.0 10°

0.8 10° N

1
[}
I
! 3
+— volume/m

01 0.003 0.005

e
=)

Which graph shows how temperature (measured
in kelvin) changes with volume?

l

-
a4

>
temperature/K
=
o
temperature/K
=

volume volume

(@]
temperature/K
=

w)
temperature/K
r

N\

M

R
volume volume
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Helping concepty

Applying the equalion of state,

Again,

ﬂ = constant
T
2.0x10%x 0.003 _2.0x 10° x 0.001
TM TL
Ty =3T,

0.8x10°x0.005 2.0x10°x0.003

TN TM
T, = 0.67T,
T,=15T,

T, is greater than T or T

L

Comparatively, 3T, =157, =T,

2TL =Ty

Hence, T is greater than T,.

In summary, T,>T >T.

59. A vapour in a container is at a high temperature

~

and loses heat to its surroundings.

The graph shows how its temperature changes

over the next few minutes.

temperature

4

N

Helping concepty

_—

Lalent heat =

Assuming rate of heat loss is constant, value of latent

energy loss
mass
(rate of heat loss) x lime
=" mass of substance

hea! is proportional to time taken.

Therefore, the longer length of Q compared to S rpeans'
the specific heat of vaporisation is larger than its fu-

“sion.

60. Two spheres P and Q are both made of steel.
Sphere P has a radius that is larger than that of
sphere Q.

Which feature of the graph indicates that the spe-
cific latent heat of vaporisation of the subslance
is greater than its specific latent heat of fusion?

A

The gradient of the graph at P is greater than
the gradient at R,

The gradient of the graph at T is greater than
the gradient at R.

The length of the line Q is greater than the
length of the line S.

The value of X is grealer than the value of V.

1000 Physics Wc% with HELPs

>

time

sphere P
temperature T,

sphere Q
temperature T,

Initially, sphere P is at temperature Tp and sphere
Q is at temperature Ty Where To>T,.

The spheres are brought into contact and their
final temperature is T. No thermal energy is trans-
ferred from the spheres to the surroundings.

Which expression gives the relation between To
T, and T?

A (T-T)=(T-Ty).

B
c

(To=T)> (T -Tg)
(To =T) < (T - To)
(To=T)=(T+T,)

—_—

Helping concepty

_——

heat loss by P = heat gained by Q |
MeC(Te =T) = moe(T-T,)

where ¢ is the heat capacity of steel for both P and Q.

Since volume of sphere'P>sphere Q

Me(Te =T)=mq(T - Ty)
Mp > Mg |
(To=T)<(T-Ty)
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Frequently Examined Questions

61. A fixed amount of an ideal gas has pressure p

and volume V.

The graph shows the variation of 1/p with V at a

constant temperature.

P 04 e :
0.3-
0.2
o

0 T T T ﬁ: v
0 1 2 3 4

The amount of gas and the thermodynamic tem-
perature are both doubled.

Which line will be produced?

1/p

e —
0.3 : , o
] ' rd '
(] i ~ :
0.2H----/---- r A e :C
0.1q--4-/~-= oo S ED
0 + Fv
0 1 2 3 4
Helping concepty
Ideal gas equation: pV=nRT
1 1
L= = (—)V
p (nFIT)

As amount of gas n is doubled, thermodynamic tem-
perature T is doubled.

SN VI
" p (2MR(@2T) 4 'nART

Hence, the new graph should be of 1/4 of the original
gradient.

v

1000 Physics mc% with HELPs

position of original graph
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f—r Key content that you will be examined on:

1
2.
3.
4

Wave Motion

Progressive waves

Transverse and longitudinal waves
Polarisation

Determination of frequency and wavelength
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1.  What do not travel at the speed of light in a
vacuum?

B microwaves
D X-rays

A~ electrons
C radio waves

Helping concepty

By definition, electromagnetic waves (microwaves,
radio waves and X-rays) travel at speed of light in
vacuum.

2. Which of the following types of wave can be
polarised?
A a longitudinal progressive wave
B a longitudinal stationary wave
AL a transverse stationary wave
D a transverse sound wave

Helping concepty

Only a transverse wave can be polarised. A sound
wave is longitudinal, not transverse.

3. " Which one of the following could be the frequency
of ultra-violet radiation?

A 1.0x10° Hz

B 1.0x10° Hz
C 1.0x10% Hz
D 1.0x10" Hz

Helping concepty

Ultra-violet radiation has its wavelength, 4, at the order
of 107 m. Hence, its frequency is of the order given
by

i.e. at the order of 10' Hz.

1000 Physics WC? with HELPs

Wave Motion

4. The number of wavelengths of visible light in one
melre is of the order of

A 104 . B 10°
c 10% D 10",
Helping concepty

Average wavelength of light=50x10"" m

1

50107 20x10° wavelengths of

In 1 m, there are

light.

5. If a wave can be polarised, it must be

A an electromagnetic wave.

B a longitudinal wave.

C a progressive wave.
_D~" a transverse wave.

Helping concepty

Transverse waves can be polarised. These include all
electromagnetic waves such as light, radio waves and
X-rays. On the other hand, longitudinal waves such as
sound cannot be polarised.

6. Which of the following gives three regions of the
electromagnetic spectrum in order of increasing
wavelength?

A gamma rays, microwaves, visible radiation
B radio waves, ultra-violet, X-rays

—E€ ultra-violet, infra-red, microwaves
D visible radiation, gamma rays, radio waves

Helping concepty

Increasing order (from shortest to longest) of wave
lengths_for electromagnetic spectrum is gamma rays,
X-rays, ultra-violet, visible light, infra-red, microwaves,
radio waves.
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Frequently Examined (s uestions

7. The wavelength of a radio wave and that of an X-
ray are in the ratio 10™ : 1.

Which of the following is a possible value for m?
A +24 B +12
c -12 D -24

Helping concepty

The wavelength of an X-ray ranges from 10-'? to
10* m, and the wavelength of a radio wave ranges
from 107" to 10¢ m.

8. Which line of the table gives correct wavelengths
for infra-red radiation and for X-rays?

infra-red radiation | X -rays
A 3x107 m 3x10% m
B 3x107 m 3x10"0 m
c 3x10°%m 3x102 m
D| 3x<10%m  |3x10m|

Helping concepty

The approximate wavelengths for infra-red radiation
and X-rays are 10 and 107"° m respectively.

9. A health inspector is measuring the intensity of a
sound. Near a loudspeaker his meter records an
intensity /. This corresponds to an amplitude A of
the sound wave. Al another position, the meter
gives an intensity reading of 2/,

What is the corresponding sound wave amplitude?

A
A_

2 5 s
C 2A D 4A

Helping com;;pty

Using intensity (amplitude)?,

[% A% (1)
2o AF-neene (2)
@: = (i)? A] = \[EA

1000 Physics mc? with HELPs

10. The melre was defined in terms of the wavelength
\‘ J ol the orange spectral line emitted by excited

atoms of Kryplon-86. Thus 1 metre =nZ, where n
is the number of wavelengths in 1 metre of
vacuum.

What is the best value for n?
B 1.65x10°
D 3.33x10"

A 1.43x10*
C 2.00x10°

Helping concepty
The best value for the wavelength of orange spectral
line is A=610 nm.

A 1 165x10°

4 6810x107°

11. A progressive sound wave is a means of trans-
ferring energy.

A progressive sound wave of constant frequency
is generated in air. The intensity of energy trans-
fer is directly proportional to another of the wave
parameters.

Which of the following is correct?
LA fintensity « (amplitude)?

B intensity « (periodic time)z

C intensity « (speed)?

D intensity o (wavelength)?

Helping concepty

By delinition, intensity of wave is proportional to the
squared of the amplitude of the wave. -

12. Data transmitted along glass-fibre cables is in the
lorm .of pulses of monochromatic red light each of
duration 2.5 ns. Which of the following is the best

estimate of the number of wavelength in each
pulse?

A 10° B 10°

c 10° D 10"

Helping concepty

The wavelength of the red li

_ ght is 7.5 x 107 m. Its fre-
quency is thus given by m."lts ire

3.0x108

f=9—=\=40x10‘4 H
A 75x107 .
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Hence, the number of wavelength, n, in each pulse of
duration 2.5 ns is calculated to be

n=ft=(40x10*)(25x107)= 10°

13. The trace shown appeared on an oscilloscope
screen with the time-base set to 2.0 ms cm™.

rd

1cm

What was the frequency of the signal?

A 40 Hz B 125 Hz
C 250 Hz D 500 Hz

Helping concepty

Oscilloscope's time-base setting=2.0 ms cm™

Period of the signal from the screen=4 cm

. Frequency of the signal = %
1
(20x10%)x 4

=125 Hz

14. Ultra-violet rays differ from X-rays in that ultra-violet
rays
A cannot be diffracted.,
B cannot be polarised. v
C do not affect a photographic plate.
D have a lower frequency.’

Helping concepty

Both ultra-violet rays and X-rays are electromagnetic
waves that possess the same wave properties.

Wavelength of ultra-violet rays is 10°7 to 10® m;
whereas wavelength of X-rays is of the order ol
107 m.

Wavelength is inversely proportional to wave frequency
and hence uv rays have a lower frequency than that
of X-rays.

1000 Physics Wc% with HELPs

Frequently Examined Questions

15. Sound wave X has intensity 10" limes greater
than that of sound wave Y.

By how much is the amplitude of X greater than
the amplitude of Y?

A 10° times B 3.16x 10° limes

C 5x 10" times D 10" times

Helping concepty
. e

Intensity, / « Amp?-=---(1)
10" cc A?--(2)

Ql- 2 _ Ay = 10°(Amp) = A
(1).10 (Amp): (Amp)

16. Which effect provides direct experiment evidence
that light is a transverse, rather than a longitudi-
nal wave motion?

A Light can be diffracted.
B Two coherent light waves can be made to
interfere.

C The intensity of light from a point source falls
off inversely as the square of the distance
from the source.

\D~"Light can be polarised.

Helping concepty

Sound, a longitudinal wave, can be diffracted, can be
made to interlere, whose intensity falls off inversely as
the square of distance from the source, but cannot be
polarised.

Light, a transverse wave, can be diffracted, can be
made to interfere, whose intensity falls off inversely as
the square of distance from the source, can also be
polarised.

17. Which one ol the following summarises the
change in wave characteristics on going from infra-
red to X-rays in the electromagnetic spectrum?

frequency ‘wavelength ~ speed
(inavacuum) | (in a vacuum)
A decreases increases decreases
B decreases increases remains constant
C | remains constant | decreases decreases
ALD” increases decreases | remains constant
S
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Frequently Examined (sJuestions

Helping concepty

Although infra-red has longer wavelength (750 nm (o
10% nm) than X-rays, both travels at the speed of light
in vacuum. Hence, frequency increases from the order
of 10" Hz to 10" Hz when going from infra-red to X-
rays in the electromagnetic spectrum.

18. A plane wave of amplitude A is incident on a sur-
face of area S placed so that it is perpendicular
to the direction of travel of the wave. The energy
per unit time reaching the surface is E.

The amplitude of the wave is increased to 24 and

the area of the surface is reduced to 5'3.

How much energy per unit time reaches this
smaller surface?

A 4E B 2E

. —E
c E D >

Helping concepty
energy = amplitude

Hence, the energy per unit lime that reaches the smaller
surface is 2E since the amplitude of the wave is
doubled.

19. Data transmitted along glass-cables is in the form
of pulses of monochromatic red light each of du-

ration 2.5 ns.

Which of the following is the best estimate of the
number of wavelengths in eqch pulse?

A 10° B 10°¢
c 10¢ D 10'

 Helping concepty
The wavelength of the red light is 7.5 x 10”7 m. Its fre-
quency is thus given by

8
1=£=30210 _40x10" He

1 75x1077

Hence, the number of wavelength, n, in each pulse of
duration 2.5 ns is calculated to be

n=ft=(40x10")25x107)=10°

1000 Physics Wc% with HELPs

20. Progressive waves of frequency 300 Hz are su-
perimposed to produce a system of stationary
waves in which adjacent nodes are 1.5 m apart.
What is the speed of the progressive waves?

B 200 ms”
D 900 ms™'

A 100 ms™'
C 450 ms™!

Helping concepty
The distance 1.5 m corresponds to half of a wave-
length, 4,
The wavelength is thus given by
A=2(1.5)=30m
The speed of the wave,
v =f1 =(300)(3)= 900 ms™’

21. A sound wave of amplitude 0.20 mm has an in-
tensity of 3.0 Wm2,

What will be the intensity of a sound wave of the
same frequency which has an_amplitude of

0.40 mm?
A 42 Wm? B 6.0 Wm?2
C 9.0 Wm>2 D 12 Wm=

Helping concepty

For sound wave at particular frequency, its intensity /
is proportiona_l to the square of its amplitude A,

e fu A% or h = (ﬁ

' N A

).

Given /,=3.0 Wm2, A =0.20 mm and A,=0.40 mm.

1, is thus given by

A 04u . '
ly = h(=2)? = 30(==)% = 12 Wm2
2 1(A|) (0.2) _12 m™

22, Two coherent waves, of intensities l-and 9/,‘ meet
in phase at a point.

What is the resultant intensity él' lhét point?
A 4l B 8l -
c 10/ D 16/

Helping concepty

Intensity / is proportional to amplitude A2 Hence, the
amplitudes of the two waves are A and 3A respec-
tively.
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Since the waves meet in phase, constructive interfer-
ence takes place. Therefore, the resultant amplitude at

that point is A+3A=4A and the resultant intensity,
(4)21=161.

23. The table shows the wavelengths of electromag-
netic waves in various parts of the spectrum.

For which line in the table is X in the ultra-violet

region and Y in the microwave region of the spec-
trum?

X Y

1x107 m |[1x102 m
1x107 m [1x10°% m
1x107"" m|{1x102 m
1x10"" m|[1x10% m

OO wm>»

Helping concepty

The spectrum for the microwave, visible light and ul-

tra-violet ray is

3-107°m

75107 m 45x107 m

microwave

red light ultraviolet ray

24. The intensity of a wave depends on the ampli-
tude. The intensity is also proportional to the
square of the frequency.

A wave has frequency 3.0 Hz, amplitude 1.5 cm
and intensity /.

What is the intensity of a similar wave of frequency
6.0 Hz and amplitude 0.5 cm?

4 4
2 -1
» 9 B 3
9
=l
c 2 D 36/
Helping concepty
lzAand l«f? = | Af?

I e (1.5)(3)7--=-=(1)
I' % (0.5)(6)"-----(2)

(_2)_; I'= ,(ﬁ)(ﬁ)z = i/

) 15°3 3

1000 Pbysics mcfj with HELPs

2}, The diagram represents a longitudinal, stationary
sound wave sel up in a horizontal lube contain-
ing air,

Which slatement about a molecule in the air at
point P is correct?

A It oscillates horizontally and experiences fluc-
lualing pressure.

B It oscillates horizontally and experiences no
variation of pressure.

C It oscillates vertically and experiences fluctu-
ating pressure.

D It oscillates vertically and experiences no
variation of pressure.

Helping concepty

Air molecules oscillate horizontally or in parallel to the
tube as it is a longitudinal wave.

_Displacement antinode at P will correspond to a pres-

sure node and vice versa.

2/6. The cathode-ray oscilloscope (c.r.0.) display
shows the waveform produced by an electronic
circuit. The c.r.o. time-base is set at 10 ms per

/\f
LAY

Whalt is the period of the signal shown?

A 20 ms B 30 ms
C 40 ms D 80 ms
Helping concepty

1 period of wave =4 divisions

. 4 divisions x 10ms/division = 40 ms
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(/27' “The diagram shows a transverse wave on a rope. 29. A star emits electromagnetic waves of wavelengths
“ 50 ym, 5 gm, 0.5 pm and 0.05 ;m.

RN N\

The wave is travelling from left to right.

At the instant shown, the points P and Q on the
rope have zero displacement and maximum dis-
placement respectively.

Q

L

D

direction of wave
—_—

Which of the following describes the direction of

motion, if any, of the points P and Q at this in-
stant?

point P point Q
A | downwards | stationary
B | stationary | downwards
C | stationary upwards
D | upwards stationary

Helping concepty

Point P is about to be displaced downwards while point
Q is momentarily stationary.

To which regions of the electromagnetic spectrum
do they belong?

50 um 5um 0.5 ym 0.05 um
A | infra-red |infra-red visible ultra - violet
B | infra-red visible |ultra-violet X-ray
C | microwave | visible visible ultra - violet
D radio infra-red visible ultra - violet
Helping concepty

From the electromagnetic spectrum, the typical wave-
lengths are listed below:

spectrum.. | typical wavelength/m
gamma rays <107
X-rays 107"°
ultra-violet 10°®
visible light 4.0t07.0x107
infra-red 107
microwave 1072
radio wave >1

28.

A sound wave is emitted from a point source. The
intensity of the sound wave is inversely propor-

tional to the square of the distance from the °

source. At a distance r from the source, the am-
plitude of the wave is 8X.

What is the amplitude at a distance 2r from the
source?

A 8X
C 2Xx

B 4X
D X

Helping concepty

Given | lz and | = A2 where A= amplitude of sound
r

wave.

1000 Pfaysics chﬁ' with HELPs

30.

The diagram shows the relationship between the

energy of electromagnetic radiation and the wave-
length of the waves.

energy

wavelength
Which of the following has the lowest energy?
A infra-red

B ‘microwaves
C ultra-violet

D X-rays

Helping concepty

From the diagram, we observe that

netic radiation with largest wavelengt
est energy.

Order of the radiation in decreasi
creasing frequency is

the electromag-

Ng wavelength or in-

microwaves, infra-red, ultra-violet, X-rays.

Page 132

h has the small- .




Topic 10 Wave Motion Frequently Examined (uestons

~ Since microwaves has the largest wavelength among A 50 Hz B 100 Hz
the four, its thus has the lowest energy. C 200 Hz D 400 Hz

Helping concepty

Period of wave occupies 4 squares=4x25=10ms

Frequency, f = L =100 Hz

31. A monochromatic plane wave of speed ¢ and

T 10ms
wavelength A is diffracted at a small aperture.
The diagram illustrates successive wavefronts.
X
§ 33. A sound wave of frequency f and wavelength /
‘) travels through air. It may be assumed that its
speed is independent of the frequency.
i : Which graph correctly shows the variation of f with
Y : i?
After what time will some portion of the wavefront f f
XY reach P? A B
32 22
— B —_—
. 2c c
. 0 —— 0
i 47 A A
c = 0
f f
Helping concepty c D
Distance between successive wavefront is a wave-
length 4. 0 - 0 -
Hence, between wavelength XY and point P, the path
difference is 34. Helping concepty

Time taken from plane XY to reach P is thus r=%, Assuming the speed of the wave is constant.

Since v =f4, fcan be said to be inversely proportional

. 1
to 4, ie. for—,
A

32. A sound wave is displayed on the screen of a
cathode-ray oscilloscope. The time-base of the
c.r.o. is set at 2.5 ms/cm.

34. The diagram shows the displacements at the same

instant of two waves, P and Q, of equal frequency
and having amplitude of Y and 2V, respectively.
/ \ displacement P
0 .
\\/ distance
. !
displacement el
1cm 0 /\ / )
v distance
I
What is the frequency of the sound wave? Bk b
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The .
wavewaves are superimposed to give a resultant

What is the amplitude of the resultant wave and

What is the phase difference between the resull-
ant wave and wave P?

amplitude of | (phaser difference between resultant
resultant wave wave and wave P)/radians
A Y
B Y bs
c 3y 0
D 3y T

Helping concepty
The resultant wave would look like this:

displacement A

N

‘\/\/

Its amplitude is Y and it is in antiphase with wave P,
i.e. phase difference between resultant wave and wave

" distance
along wave

P =7 rad.

35/.The diagram shows a vertical cross-section
through a water wave moving from left to right.

At which point is the water moving upwards with
maximum speed?

The frequency of the wave is 12.5 Hz.

distance

Al the instant shown the displacement is zero at
the point P.

What is the shortest time to elapse before the dis-
placement is_zero at_point_Q?

A 001 s B 0.03s
C 0.08s D 0.10s
Helping concepty

The zero displacement at P will move to Q in %,{

distance away.

Period of wave, T = % = L I 0.08 s

125

1 wavelength takes 0.08 s.

: % wavelength takes —%(0.08) =0.01s.

37. A transverse progressive wave travels along a

/

rope. The graph shows the variation of displace-
ment with distance along the rope, at a certain
time. The wave is travelling to the right.

0 ./\P /\ i
R

In which direction are P and Q moving.

displacement
direction of travel ——»

distance

movement of P | movement of Q
Helping concepty A | downwards ‘downwards
. : ; B
The particle will move to the displacement to its left in downwards upwards
the same location as wave moves from left to right, c upwards downwards
Only C is moving upwards and is maximum as it is al D| upwards upwards
equilibrium position in the simple harmonic motion. . -
Helping concepty

As wave is lravelling from left to right, particle P will
lake the displacement of the wave lo its left, i.e. up-

wards. Particle Q will b i
36. The diagram shows a transverse wave at a par- B

ticular instant. The wave is travelling to the right.
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38. The diagram below represents the _variation-wilh
time of pressure at a point in air through which a
sound wave is travelling at 340 ms™.

Ap !/ /Pa

|

425 - =

TN

40. An alternaling p.d. is applied across the Y-plates
of a cathode-ray oscilloscope (c.r.0.) and produces

the lrace shown below.

| |

N\ N A
|

4 time/us

100\/200
S 1] ERRpRp -

What is the frequency of the wave?
A 1.7 Hz B 5.0x10° Hz
C 1.0x10* Hz D 3.1x10* Hz

Helping concepty

Period of the sound wave, T =200 us

Frequency of the wave =%
S
200x107°
=5kHz or 5.0x10° Hz

306\_/400

39. The graph shows the shape at a particular instant
of part of a transverse wave travelling along a
string.

0]/5\0 /‘s\

\Y

i )

If the peak voltage of the alternating p.d. is 2_.8 \Y
and ils frequency ‘is 50 Hz, what are the time-
base and Y-gain settings of the c.r.o.?

time-base setting | Y-gain
A 10 uscm’™ 20vem™
B 20 yscm™ 1.0Vem™
Cc 10mscm™ 20vcm™
D 20 ms cm’ 1.0Vem™

Helping concepty

Peak voltage of wavelength=2.8 V
Period of waveform ==\ - 20 ms
f 50

If t and y are the time-base and Y-gain setting of the
c.r.o. respeclively, then

2t=20 = t=10mscm™’
14y=28 = y=2Vcm™

oy

| N~

Which statement about the motion of elements of
the string is correct?
A The speed of the element at P is a maximum.

B The displacement of the element at Q is al-
ways zero.

C The energy of the element at R is entirely
Kinetic.

D The acceleration of the element at S is a
maximum.
Helping concepty
The string particle at maximum displacement has maxi-
mum acceleration, i.e. a=-m2A.

Since it is a transverse wave, displacement at each of
this points will varying as time passes.

1000 Physics m“f with HELPs

\ # distance along
string

41. The Y-input terminals of an oscilloscope are con-
nected to a voltage supply of peak value 5.0 V
and frequency 50 Hz. The time-base is set at
10 ms per division and the Y-gain at 5V per di-
vision.

Assuming that all diagrams are drawn to scale,
which trace will be obtained?

A B

Anivininiy
VAV

VJVUVV'J
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\
Helping concepty
\

Horizontal axis is the time-scale for the sinusoidal

signal.

Period of the signal is T = % = Sl =002 s=20ms.
0

F.or a time-base of 10 ms per division, the period of the
signal covers 20/10 or 2 divisions of the horizontal

axis.

The vertical axis is scaled to 5 V per division. Since
the signal is 10 V peak to peak, the signal sweeps
across two divisions of the vertical axis from peak to

peak periodically.

A second wave of simila
tensity and half the frequency.

When drawn on the same axes, what would the

second wave look: like?

A displacement

TN

0 time

B displacement

P

0 time
42. The di il neti
diagram illustrates part of the electromagnetic =
spectrum.
:I'ign . : g 0 }Iow ‘C displacement
requencies %’ frequencies

Which labels are correct for the regions marked

1 and 27
1 2
A | infra-red X -rays
B | microwaves X -rays
C | ultra - violet | microwaves
D X -rays infra -red
Helping concepty
wavelength——
gamma |, . |ultra- | visible | infra- | micro- | radio-
_rays YS| violet light |red [wave |[wave
«——frequency

Electromagnetic Spectrum

43. A displacement-time graph is shown for a particu-
lar wave.

displacement

0 time

1000 Physics mc% with HELPs

AN A 1A
| \

J \ \ time
V/EAV/EAV/ER

D displacement

WEWEWERY .

VI V| VU U

Helping concepty

intensity o (amplitude)?

2xintensity « (V2 - amplitude)?

= new amplitude = V24 = 1.44

The frequency is halved means i
i.e. the waver takes a lon
cycle,

.ts period is doubled,
ger time to complete one

44. The diagram shows the variation with distance d

along a sinusoidal wave of displacement y of par-

licles in the wav i
e e. The amplitude of the wave is
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Ly "
.yo...

hl
2 Yo

What is the phase angle between the two par-
ticles P and.Q in the wave?

A 30° B 45°
C 90° D 180°
Helping concepty
y = ypsing
Al P,
y=0

- sinBp =0 = fp =180°

= At Q,
. : '
-m5Ye=Yo sinfq
. 1
Sinfq = ——
a= 2
fg =210°

2. HO_HP —-2100—1800 =30°

45.. A long horizontal tube, containing a fine powder,
is closed at one end. A loudspeaker, connected
to a signal generator, is positioned at the other

lype of wave frequency / kHz

A | longitudinal 3.3

B | transverse 3.3

C | longitudinal 6.6

D | transverse 6.6
lelping concepty
21=20cm = A=10cm

speed __ 330 _ 33Hz

I ncy = =
requency wavelength  0.10

Sound waves are longitudinal waves.

46. Ripples on the surface of a pond spread out in
circles from the point of an initial disturbance.

Assume that the energy of the wave is spread
over the entire circumference of the ripple.

For one such ripple, the amplitude of the ripple at
a distance of 150 mm from the disturbance is
2.0 mm.

1200 mm

initial disturbance

ripple on surface
of pond

end. What will be the amplitude of the ripple at a dis-
tance of 1200 mm from the disturbance?
tube
loudspeaker / (Assume that no energy is lost in the propagation
of the ripple.)
, A 0.031 mm B 0.13 mm
) / - Y C 025 mm D 071 mm
signal P 20 ¢cm
generator NG powder .
heap Helping concepty

At a particular frequency, a stationary wave is set
up inside the tube and the powder forms heaps
at the nodes. The speed of sound is 330 ms™.

What type of wave is the stationary wave and what
is its frequency? :

1000 Physics Wc% with HELPs

1

Intensity, / = (Amplitude)? and /o —— = —
a

rea ar
- (Amplitude)? x —1—2 = Amplitude x %
i

where r=radius ol circle.
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1
20mm ol (1) %:’TMGL = 'N=EIZ
* 1200 mm @ As intensity, o A2 and A is amplitude,
o o s intensity, /o 2 1
()" 20mm 1200 mm — A=025mm s (f’ (:NA)z _____ 22))
64

where A, is the new amplitude at the area of width of
16 cm

47. Wavgs from a point source pass through an area ) 64
that is 2.0 cm wide, as shown.

..................................... -

point source T T————— e
of waves e

Within this area, the intensity of the waves is / and
their amplitude is A. The waves reach a second
area of width 16 cm.

What will be the intensity and amplitude of the
waves when they reach the second area?

intensity | amplitude

Al L A
8 4

B| - A
64 4

/ A

(o] — st
64 8

[ A

D — —_—
256 16

Helping concepty

The second area is 16 cm/2 cm =8 times further than
the first area of intensity / and amplitude A, using simi-
lar triangles.

where [ is the new intensity al the area of width of
16 cm.
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Superposition

8—r Key content that you will be examined on:

Stationary waves . b
Diffraction "\

Interference \
Two-source interference patterns \
Diffraction grating

L N
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1. Where, in a standing wave, do lhe vibrations of 4.

the medium occur?

A only at the nodes
B only at the antinodes
\,C/ at all points between the nodes
D at all points between the antinodes

Helping concepty

In a standing wave, only the nodes are permenantly
at rest. The rest of the stationary waves are vibrating.

2. When the light from two lamps falls on a screen,
no interference pattern can be obtained.
Why is this?
A The lamps are not point sources.
B The lamps emit light of different amplitudes.
VZ’ The light from the lamps is not coherent.
D The light from the lamps is white.

Helping concepty

Only coherent light sources can produce diffraction and
interference pattern. Two wave-trains are said to be
coherent if they both have the same frequency, in-
phase or a constant phase difference.

3. A diffraction grating has a spacing of 1.6 x 107 m.
A beam of light is incident normally on the grat-
ing. The first order maximum makes an angle of
20° with the undeviated beam.

Whal is the wavelength of the incident light?

A 210 nm B 270 nm N

C 420 nm D 550 nm % "
Helping concepty ¥V
dsind=n/

. ds’iTn() _1.6x 10'51x $in20° _ coo nm

1000 Physics mc% with HELPs

Superposition

A sound wave is set up in a long tube., closed a‘t
one end. The length of the tube is adjusted until

-lhe sound from the tube is loudest.

What is the nature of the sound wave in the tube?

longitudinal and progressive
longitudinal and stationary
transverse and progressive
transverse and stationary

co&_:o

Helpingco-nceptx;

By definition, sound waves are progressive and lon-
gitudinal. In this case, sound waves are reflected from
the closed end and interfere with incoming waves.
These will form stationary waves.

5. A parallel beam of white light is incident normally
~ on a diffraction grating. It is noted that the sec-
ond-order and third-order spectra partially over-

lap.
Which wavelength in the third-order spectrum ap-

pears at the same angle as the wavelength of
600 nm in the second-order spectrum?

. A 300 nm B 400 nm
C 600 nm D 900 nm
Helping concepty

From the formula dsind=nd, we have

2x600x10° =34, = 4, =400x10"° m

6. Fringes of separation y are observed on a screen
1.00 m from a Young's slit arrangement that is
illuminated by yellow light of wavelength 600 nm.

At what distance from the slits would fringes of

the same separalion y be observed when using
blue light of wavelength 400 nm?

A 033 m B 067 m
C 075 m D 150 m
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Helping concepty

_iD
Y="4

If y is the same and d is fixed,

600

A
= —.;_ = — = ,0
40, =40, = D, =70, oo x1:00=1.50m

7. Monochromatic light is incident normally on a dif-
fraction grating. Second-order diffraction is ob-
served at an angle of 38.9°.

At which angles will the first and third orders be

observed?
first order | third order
A 18.3° 57.2°
B 18.3° 70.4°
C 19.5° 58.5°
D 19.5° 77.8°
Helping concepty

dsin389° =24i----- (1)
dsinf=34----- (2)

2). sing=3sin389° = 0=704°
(1) 2

8. A beam of monochromatic light of wavelength
600 nm is incident normally on a diffraction gral-

ing that has 3.0 x 10° lines per metre. .

What is the total number of images produced by
light transmitted through this grating?

A 5 B 8
c 9 D 11
Helping concepty

—_— —

Using dsind=n4,

1

10° )sin90° = (600 x 107?)

(3
n=56 =5 (integer)

Total bright fringes seen is 5 (one side) +1 (central
bright fringe)+5 (the other side)=11.

9. A sound wave of frequency 400 Hz is tr

1000 Physics mc% with HELPs

Frequently Examined Quesuons
ently = ——

-
avelling

in a gas al a speed of 320 ms™.

ase difference between two points

what is the ph A
0.2 m apart in the direction of travel?
us 7 rad

A 2 rad B 2
2n A7 rad
Cc Y rad D 3

I——

Helping concepty
s

Using formula v="_2,

320
—=2£=-08m
wavelength, 4 200

. 0.2 ki
e=—x2T=— rad
Phase differenc 0B x 21 >

10. Light of frequency 6.0 x 10'* Hz passes through a
diffraction grating with 4.0x10°% lines per
centimetre.

What is the angle between the two third-order dif-
fraction maxima?

A 12° B 23°
c 37° D 74°
Helpingcomepts«
dasin¥d = ni
(1x10'2 Jsind = 3( 3x108 )
40x10° 6.0x10"
H=237°

Angle between two third-order diffraction pattern is 2 x
a7e=74°. q
/\'/\/" .

11. Monochromatic light of wavelength A is incident
normally on a diffraction grating with the separa-
tion d.

Al which angle with the normal to the grating is
a diffracted beam observed?

A sin'24 B sin'X
d 2d

c sin"% b sn'2d
A
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Helping concepty
For diffraction grating,
dsing =nA
0 =sin nA
)

wheren=12, 3, ....

12. When monochromatic light of wavelength

5.0x 107 m is ‘incident normally on a plane dif-
fraction graling, the second-order diffraction lines
are formed at angles of 30° to the normal to the
grating. What is the number of lines per millimetre
of the grating?

A 250 B 500
C 1000 D 2000
Helping concepty
dsinf =n..
__n4
sind
_(2)(5.0x107)
sin30°
=20x10%m
=20x107 mm
. Number of lines per mm = —1:5- =500
2.0x10

13. Light of wavelength / is incident normally on a
diffraction grating for which the slit spacing is

equal to 3/.

What is the sine of the angle between the sec-
ond-order maximum and the normal?

A B

1
3

Cc

Wl o=

Helping concepty

The sine of the angle between the second-order maxi-
mum and the normal is given by

dsinf=ni

1000 Physics mc% with HELPs

Given n=2andd= 34.

. 24 _ _2_
sm()=—a—-— 3

14, Light of wavelength 600 nm falls on a pair of slits,
forming fringes 3.0 mm apart on a screen.

What is the fringe spacing when light of Yvavg—.
length 300 nm is used and the slit separation Is

halved?
A 0.75 mm B 1.5 mm
C 3.0mm D 6.0 mm
Helping concepty
_ D
Y="g9
From constant D,
Yo _ A0y _300 1 . 30=-30mm
v Ad, V27600 12 T

15. Two monochromatic radiations X and Y are inci-
dent normally on a diffraction grating. The sec-
ond-order intensity maximum for X coincides with
the third-order intensity maximum for Y.

wavelength of X

What is the ratio ?
wavelength of Y

1 2

‘ A > B 5

3 2

C 5 D 7
Helping concepty

Using the formula dsing =24, and dsing =34y, we
have '

20y =84y = “x_3
Ay 2

16. The frequency of a certain wave is 500 Hz and
its speed is 340 ms-'.

\(Vhal is the phase difference between the mo-
tions of two points on the wave 0.17 m aparnt?
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n

z = rad
A 4 rad B 2
c _3_’£ rad D rad
-4
* Helping concepty
. _speed 340 4o
Wavelength of Wa\'e- A frequency 500
3 A¢ __A_i
Using or 2
8¢ _ 017 - Ag== rad
27 0.78. 2

where Ag =phase difference,

Ax =distance apan.

17. The diagram shows a long rope fixed at one end. -

The other end is moved up and down, setting up
a stationary wave.

vibration
up and
down

.. fixed
end

What is the phase difference between the oscil-
lations at X and Y?

1
—r rad
A 0 B 4/1
1 3
—nr rad —nr rad
C 2” D 4fr
Helping concepty

Particles of rope within two nodes are of the same
phase. Hence, phase difference is zero.

18. A two-slit arrangement is set up to produce inter-
ference fringes on a screen. The fringes are oo
close together for convenient observation when a
monochromatic source of violet light is used.

In which way would it be possible to increase the
separation of the fringes?

A Decrease the distance between the screen
and the slits,

B Increase the distance between the two slits.

Increase the width of each slit.

D Use a monochromalic source of red light.

9]
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-

Helping concepty

_———

X=—

a

where x = Iringe separation,
4 = wavelength of light,
D = distance between slits and screen,

a = slit separation.

19. Light of frequency 6.0 x 10" Hz passes through a
diffraction grating with 4.0 x 10° lines per
centimetre.

What is the angle between the two third-order dif-
fraction maxima?

A 12° B 23
c 37 D 74°
Helping concepty
dsiné =ni

40%10° linescm™ =4.0x10° linesm™'

8
g2 30x10° 545,107 m

f 60x10"

ni _ (3)(50x107)
1
(4.0x105)
The angle between 2 maxima is

20 = 2(36.9°) = 74°

sind = =060 = #=369°

20. The graph represenis a stationary wave at two
different times.

displacement

distance along
the wave

Whal does the distance XY represent?

A hall the amplilude
B hall the frequency
C hall the period

D hall the wavelength
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—_ =

XY .is the distance between adjacent antinodes of the
Stationary wave which is half the wavelength,

21. A double-slit light interference experiment is sel

up.

Ur\der which conditions will the separalion of
bright fringes be greatest?

distance

_ | distance from | wavelength
between slits | slits to screen | of source
A small large shont
B small large long
Cc large small short
D large small long
Helping concepty
.-
d a

where ; = wavelength of light,
a = separation of two slits,
x = fringe separation,
d=distance from slits and screen.

For x to be large, 4 and d have to be large and a to
be small.

22. Coherent monochromatic light illuminates two nar-
row parallel slits and the interference pattern that
results is observed on a screen some distance
beyond the slits.

Which modification increases the separation be-
tween the dark lines of the interference paltern?

A decreasing the distance between the screen
and the slits

B increasing the distance between the slits

C using monochromatic light of higher frequency

D using monochromatic light of longer wave-
length

Helping concepty

The separation between the dark fringes is given by

the formula y = %.

This can be increased by using

light of a longer wavelength, increasing the distance

1000 Physics Wc% with HELPs

between the screen and the slits, or decreasing the
distance between the slits.

23. A slalionary sound wave is set up in a pipe using.
— an oscillator of frequency 440 Hz. The extent of
the vibration of the molecules in the pipe is illus-
trated. A centimetre scale is shown alongside the

pipe.

—_— ———e——e e a2 a—s e —— e——— S—

—
—_— —ee— e —. — - . -— — e ———

— e et e e o—e = ———

5 10 15 20 25 30 35 40 45 50 55 60 65cm

What is the speed of sound in the pipe?

A 176 ms™' B 328 ms™
C 337 ms™ D 352 ms™
Helping concepty

Distance between 2 nodes =40 cm
Length of wavelength=2x40=80 cm
Speed of wave, v={1
= (440)(80x 1072)
=352 ms™

24. The diagram represents a stationary wave on a
stretched string.

What is represented by point P and by the length

x?
point P length x
A | antinode | one wavelength
B | antinode |two wavelengths
Cc node one wavelength
D node two wavelengths
Helping concepty

P is a node that is permenantly at rest in a stationary
wave.

Length x is equivalent to one wavelength.
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25. The frequency of the fundamental mode of lrans-
verse vibration of a stretched wire 1000 mm long
is 256 Hz. When the wire is shortened to 400 mm
at the same tension, what is the fundamental fre-

quency?
A 162 Hz B 312 Hz
C 416 Hz D 640 Hz

Helping concepty
The frequency of the fundamental mode of a stretched
wire is

,1T

where ¢ is the length of the wire,
T is the tension in the wire,
41 is the mass per unit length of the string.

Since T and u are held constant,
fo—
i

Given f=256 Hz when (=1000 mm.
Al /=400 mm, frequency is calculated to be

f__ 1000

= =640 Hz
256. 400

26. Monochromatic light is incident on a diffraction
grating and a diffraction pattern is observed.

Which line of the table gives the effect of replac-
ing the grating with one that has more lines per

metre?

no. of orders of | angle between 1st and
diffraclion visible | 2nd orders of diffraction

A decreases decreases

B decreases increases

C increases decreases

D increases increases

Helping concepty

For a diffraction grating,

dsinf = ni

where d=distance between 2 lines in a grating,
n=orders of light,

6 = angle between the zero order and mh or-
der.

For a grating with more lines per metre, d is smaller,

1000 Blyysics mccf with HELPs

n will be smaller as A is constant and sinf/=1 for
maximum value.

Since n is smaller for 0<#<90°% this means the or-

ders are more spread oul with larger angle between
one anolher.

27. When monochromatic light of wavelength
5.0x 107 m is incident normally on a plane dif-
fraction grating, the second-order diffraction lines
are formed at angles of 30° to the normal to the

grating.

What is the number of lines per millimetre of the
grating?

A 250 B 500

C 1000 D 2000

Helping concepty

When monochromatic light passes through a plane dif-

fraction grating, bright or principal maxima are obtained
when

dasinf = ni

where d=spacing of lines,
A =wavelength of light,
n=order of bright image.

Given #=30°, n=2, .=50x10" m.

g 250x 1077)

_ =2x10° m
sin30°
Hence, number of lines per millimetre of the grating is

%xm':‘ =%x105x10'3 =500

28. A dilfraction grating is ruled with 600 lines per
millimetre. When monochromatic light falls nor-
mally on the grating, the first-order diffracted
beams are observed on the far side of the grating

each making an angle of 15° with the normal to
the grating.

What is the frequency of the light?
A 1.2x10" Hz

B 4.7x10" Hz
C 19x10" Hz
D 7.0x10" Hz
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@A narrow beam of monochromatic light falls at

Helping concepty
The angle of diffraction, g, for nth order dilfraction
pattern of the light is given by

dsiné, = nl

where d=spacing between adjacent slits in diffraction

1073
raling=—— m
9 9 600

n=1 for lirst-order diffraction beam,

g, = 15°.

dsin# B
1 12107 Gin15° = 43x107 m

Hence, trequency of light, !:%

_ 3x108
43x1077
=7.0x10" Hz

29. In the diagram, T represents a transmitter of mi-
crowaves and P represents a metal plate.

—
T P

T detector

The detector is connected to a galvanometer. The
distance TP is much greater than the wavelength

of the microwaves.

As the detector is moved between T and P, what
happens to the galvanometer reading?

A It decreases steadily.
B It reaches a maximum at P.
C It reaches a maximum midway between T and

P.
D It increases and decreases regularly.

Helping concepty

Since TP is much greater than the wavelength of the
microwaves, stalionary waves are formed along TP.
The galvanometer reading is low al nodes and high

at antinodes.

1000 Physics mcg with HELPs

fraction grating. Third-

normal incidence on a dif
formed at angles of

order diffracted beams are
45° 1o the original direction.

What is the highest order of diffracted beam pro-

duced by this grating?
B 4th

D 6th

A 3rd
C 5th

Helping concepty

When monochromatic lig
Iraction grating, bright or principal maxima ar

from

ht passes through a plane dif-
e obtained
dsind =ni

where d= spacing of lines,
4 = wavelength of light,
n=order of bright image.

Given n=3 occurs at 45°.

- dsinds° =31 >

. Ao n_.
- sin@ =n(£) = =sin45° =
d 3 3J2

Since maximum angle allowed is 90°, the highest order
of diffracted beam is thus given by

n = truncated integer of 3J/2=4

i.e. highest order n_,, =4.

31. Under which of the following sets of conditions
will the separation of the bright fringes of a double-
slit interference pattern be greatest?

distance distance from | wavelength
between slits | slits to screen | of source
A small small short
B small large short
c small large long
D large small shot |
Helping concepty
1
slits vright | I [
*A fringes n [Ynn

screen
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It can be shown that the separation of the bright fringes
of a double-slit interference pattern is given by

Yo=Y s
n+ n d

where L is the distance from slits to screen,
d is the distance between slits,
A is the wavelength of source.
Hence, separation can be increased by increasing L,

decreasing d or using a source of longer wavelength
A

32. In a diffraction grating experiment, the first-order
image of the 435.8 nm blue light from a commer-
cial mercury vapour discharge lamp occurred at
an angle of 15.8°. A first-order red line was also
observed at 23.7°, thought to be produced by an
impurity in the mercury?

The wavelengths of red lines of various elements
are listed below. Which element is the impurity in
the mercury lamp?

'\-\'n‘é_‘ v

element |wavelength/nm| B )
A zinc 636.0
B | cadmium 643.3
C | hydrogen 656.3
D neon 670.8

Helping concepty

The first-order image of the 435.8 nm (4,) blue light .

occurred at an angle of 15.8° (¢,). If d is the grating
spacing, then

dsing, =i, = d= ﬂ
sin15.8

Thus, the wavelength (2,) of red line of the impurity
in the mercury is '

=1600.56 nm

dsintl, = 4,

where 6, =23.7°,

. /o =(1600.56)(sin23.7°) = 643.3 nm

Hence, the impurity is cadmium an

d the associated
red line's waverlength is 643.3 nm.

1000 Physics. W«l—, with HELPs

33. Coherent light is incident on two fine parallel slits,
S, and S, as shown in the diagram.

S—éwﬂ :’F /\“
o dn & e
S, q
P bz lX X
S =
2 A
2x X

B

Az

If a dark fringe occurs at P, which of the following
gives possible ph es for the light
ivi 2
waves arriving at P from S and S,? I‘( @ :4;{

A 2m 41 671... B o 3 Sx.. ,H\_gy\_ Az

. 15 9
C n 2 3nm... D E)T. E/T, E/T A - l‘#— x
Helping concepty 2 4K

By principle of superposition at P, the optical path dif-
ference for two coherent light waves from S and S,

—

must be (m +%))L it dark fringes occurs at P, 1 Azl X

i
|

where 4 = wavelength of the monochromatic light wave

X
m = positive integers, m=0, 1, 2, 4)‘
it @

. Phase difference = (m + l)2;r =2mr+x

&

where m=0, 1, 2, ...

34. In the Young's slits arrangement shown, a pattern

of equally-spaced, parallel fringes appears on a
screen placed at S.

. double slit
single slit |
)

Yy
T
y#il"

[
"
Y]
"
.

-

X "

light source @

Which quanlity, if increased, would cause the
separation of the fringes to increase?

A x
c d

B vy
D
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Helping concepty X o
A B
It can be shown that the separation of the fringes of
a double-slit interference pattern is given by
fringe separation = 2* » —
ge sep =g 0 ” 0 a
To increase fringe separation, one could
X X4
1. increase wavelength of light or decrease its fre- C D
quency,
2. increase the distance : or/and
3. decrease the distance d between slits. -
0 z 0 a

Helping concepty

, . _ax _ o)
35. A teacher sets up the apparatus shown to dem- VWavelength light Of‘./- = = X= "D(a)
onstrate a two slit interference pattern on the

screen.
single double SCreen
slit slit
1 37. An organ pipe of length ¢ has one end closed
light al but the other end open.
source
T What is the wavelength of the fundamental note -
P | r emitted?
) A slightly smaller than 4/
The teacher wishes to increase the fringe spac- B slightly larger than 4
ing. '
o C roughly equal t o
Which change to the apparatus will increase the gnhly equal to >

fringe spacing?

D slightly larger than 2/
A decreasing the distance p

B decreasing the distance q Helping concepty
C decreasing the distance r Antinode occurs at position slightly above the open
D decreasing the wavelength of the light end.

ol iae e oy It e is the end error of the stati '
Helping concepty ationary wave, then

Aq i + antinode
Fringe spacing=— _e
r 2
. ) e+i1==
Decreasing q decreases the [ringe spacing. 4
- : = i=4/1+4e> 4 !
\node
36. A double-slit interference experiment uses coher- .
o h A
ent monochromatic light. where 4 is the wavelength of the fundamental note.

That is, wavel T
Which graph shows how the distance x between avelength of the fundamental note is slightly .
fringes varies with slit separation a, when the dis- 'arger than 4.

tance from the double slits to the screen is kept
constant?

1000 PbMSiCS ch,; with HELPs pcge' 148
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a8, i i i ed
’38. JThe length ¢ of an air column Is slowly increase
' from zero while a note of constant frequency 1s

produced by a loudspeaker placed above il.

loudspeaker

air
column

X

1

When : reaches 17 cm, the sound increases

greatly in volume. What is the wavelength of the
sound wave. produced by the loudspeaker?

A 85cm B 17 cm
C 34 cm D 68 cm
Helping concepty

When 1 =17 crﬁ. there is an antinode at the loud-
speaker and a node at the plunger.

. ~=4/=68cm

39. A source of monochromatic light is viewed through
a diffraction grating.

diffraction grating

-

monochromatic
light

first bright fringe

Which of the following causes the angle ¢ 1o in-
crease?

A decreasing the distance between adjacent
slits on the grating

B decreasing the wavelength of the monochro-
matic light

C increasing the distance of the eye from the
grating

D

increasing the number of slits of the grating
but keeping the slit spacing the same

1000 Pl;ysics mccj with HELPs

Frequently Examined Q“‘E““’E

-

Helping concepty

-

For diffraction grating,

n/
) sinf) = —
n, = d

where d is the distance between adjacent slits.

dsind =

@ A diffraction grating is used to measure the .wave-
length of monochromatic light, as shown in the
diagram.

grating ——q

monochromatic
light ;

The spacing of the slits in the grating is

1,00 x 10 m. The angle between the first order
diffraction maxima is 70.0°.

What is the wavelength of the light?

A 287 nm B 470 nm
N
C 574 nm D 940 nm g - L/
i
. L)".
Helping concepty AT S U e
_— " N -
70°  oco u\"e WA
g= =35 oV Q‘JL 2 bi:&_ ¢

Using dsing = n4,

A= isin() =

(1.00x1079)
n 1

sin35° =574x107 m

41. A wire is stretched over two supports, Q and R,

a distance 4x apart. Three 'light pieces of paper
rest on the wire, as shown.

“\ JTT "

VA

paper

Q

When the wire is made 1o vibrate at one particular

frequency, the middle piece of paper stays on,
but the others fall off the wire.
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What is the wavelength of the vibration produced
on the wire?

A 2x B 3x
C 4x D 8x

Hclping concepty

The wave produced in the string can be represented
in the following diagram.

Wavelength of wave in string, i =4x.

42, A microwave transmitter emits waves which are
reflected from a metal plate, as shown in the dia-
gram. A detector responds to the stationary waves
produced. R, S and T are three successive points
at which the meter shows zero intensity.

1.5 1.5
cm cm
1 s S
1] ) 1]
' ] L]
] Ll L]
1 Al 1
L} . 1]
L]
d I emitted . ' reflected H metal
\I waves R S T waves plate
detector
Y
transmitter S 8
meter

What is the frequency of the waves?

A 9.0x10® Hz

B 1.0x10% Hz
C 1.0x10" Hz
D 2.0x10" Hz

Helping concepty

R, S and T are three successive nodes. Distance be-

v

tween R and T gives the wavelength, 4, of the waves,
;=2<15=30cm=30x10%m

Frequency of the wave=£_
i
- 3x10°
30x1072

=1.0x10"" Hz

1000 Physics Wc% with HELPs

43. Water waves of wavelength 4 m are produced by
two generators, S, and S, as shown.

Each generator, when operated by itself, proc}ucgs
waves which have an amplitude A at P, which is
3mlrom S, and 5 m from S,.

1 SZ

S
o]
am
5m
L]
P

When the generators are operated in phase, what
is the amplitude of oscillation at P?

1
—A
A 0 B >
cC A D 2A.
Helping concepty
The path difference of the two waves at P
=5-3
=2
= 1(4)
= s wavelength of the sources S, and S,

That is, the two waves are out of phase at point P
since the generators are operated in phase and of the
same amplitude A. The resultant wave at P has thus
a magnitude=A-A=0.

44. The diagram‘ shows an experiment which has
been set up to demonstrate two-source interer-

ence, using microwaves of wavelength A.

H
A

s, =
[:I ..... -s--p ................»......'OD
microwave ) microwave
transmitter metal plate with two slits detector

The detector is rgoved from O in the direction of
the arrow.

The signal detected decreases until the detector
reaches the point X, and then stars to increase
again as the detector moves beyond X.
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Which equation correctly determines the position

of X?

A
A Ox=4 B OX-=2
c spus,x:% D S,X-SX-=

Helping concepty
X is the first minimum for sources S, and Sz.

. Path difference = S,X-S X = %

45, A parallel beam of light of wavelength 600 nm is
incident normally on a diffraction grating. The grat-
ing has 500 lines per millimetre.

grating \T /,
) 45° .7
>
Ky regien—
light of wavelength 600 nm )2[,\
45°\
- m'+. \‘\)g\ ") _ \\\
)]\ U\Y— &)\JW . \\
Pe) )\ ()‘ G A

How many beams of coherent light emerges from
the grating within the shaded 90° region shown
in the diagram?

A 2 B 3

c 4

Helping concepty
For diffraction grating, dsiné= na.
- (197 6ina5° = n(600x 10°9)
500
n =24 =2 (integer)

Hence, total observable beam is 2+ 1+2 =5,

X

46. The diagram shows an experiment to produce a
stationary wave in an air column. A tuning fork,
placed above the column, vibrates and produces
a sound wave. The length of the air column can
be varied by altering the volume of the water in
the tube.

1000 Physics mc$ with HELPs

luning fork ——C_———

—r— air column
- -
=3 water

The tube is filled and then water is allowed (0 run
out of it

The first two resonances occur when the air col-
umn lengths are 0.14 m and 0.46 m.

What is the wavelength of the sound wave?

A 032 m B 056 m
C 060 m D 064 m
Helping concepty

First resonance occurs when air column length
=014 m

. %/1 + end correction = 0.14
Second resonance occurs when air column length
=046 m

3. .

. Zz. +end correction = 0.46

= 3,4+014-L4)=046
4 2

= 1,032
2

= 4A=064m

47. A source of sound of frequency 2500 Hz is placed
several metres from a plane reflecting wall in a
large chamber containing a gas. A microphone,
connected lo a cathode-ray oscilloscope, is used
lo delect nodes and antinodes along the line XY
between the source and the wall.

node 1.900 m node N>
L -
| |
source | |
of Xl————— - ————= 'Y wall
sound | . |
| microphone I
| |
1 |
1o c.r.o.
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The microphone is moved from one node through ~ 49. The arrows on the diagrams represent the move-

20 antinodes to another node, a distance of
1.900 m.

What is the speed of sound in the gas?

A 238 ms
C 330 ms"

Helping concepty

B 250 ms"
D 475 ms"

The distance 1.900 m corresponds to 10 wavelengths
of the sound wave, since distance between two adja-

cent antinodes is equal o 3 wavelength.

1.e. wavelength of the stationary wave = =0.190 m.

1.900
1

Speed of sound wave = f; = 2500 x 0.190 = 475 ms "'

&Two coherent sources S, and S, of radio waves
: are separated by a distance d.

A satellite is travelling overhead in the direction
shown.

v .
—;ﬁg/ satellite
: o - satelite
orbit

Earth's

7/
surface

The sateliite, travelling at speed v and al allitude
H. deflects f maxima of density of the radio waves
per unit time.

What is the wavelength of the radio waves?

d ~df
A H B X

af av

vH P W

Helping concepts
Similar to Young's double slit experiment,
._ax d

A= — = —-(1)

\ O H'f

/U /":"'_"""/L/ A

N2
A
1000 Physics mc% with HELPs

WY -

ment of the air molecules in a pipe in which a
stationary longitudinal wave has been set yp. The
length of each arrow represents the amplltud_e of
the motion, and the arrow head shows the direc-
tion of motion at a particular instant.

Which diagram shows a possible stationary wave
in which there are two displacement nodes and
two displacement antinodes?

A B C D
]

[ ] ' I
| | , [
I ]
) ! I :
. ' '

| | | :
! r ! ,
11 | i |

! !

: : ! |
! \ i

Helping concepty

Longitudinal waves travelling along the pipe are re-
flected at the ends of the tube. Interference between
these two oppositive waves due to the movement of
the air molecules give rise to the standing longitudinal
wave. The closed end is a displacement node while
the open end is a displacement antinode. For a sta-
tionary wave of two displacement nodes and two dis-
placement antinodes, it must be as follow:

or

DD DI € —

50. Standing waves are sel up in a tube of length L,

which is closed at one end. The speed of sound
in the air in the tube is v.

When the tube resonatles, which

N series of frequen-
cies is generated?

A ¥ 1v 3v vy
aL' 20 a0 T

B 1Y 3v 5v 7y
4L aL' 4 3
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i1v v 3v v

-~ —I—_-.lz_l
c 2L L 2L L
p v 3v 5v 7v

2L 2L 2L 5L’

Helping concepty

For the fundamental frequency, f
_/:_Q_ = L - /‘.0 = 4L
4

where L is the fixed length of tube.

. Frequency, f; = — = 4LL
0

" For the next highé»r frequency, f, i.e. third harmonics,

or first overtone,

ﬁ-_—L — ;“:ﬁ
4 o
v 3v
. Frequency, fi=—==—
! A 4L

For the next higher frequency, f,

,, i.e. fifth harmonics,
or second overtone,

52 . 4L

Tt A
’ v 5v
. F fy=—==
requency, f, % Al

51. Two sinusoidal voltages of the same 1requency
are shown in the diagram.

Helping concepty
Period of the sinusoidal voltages, T=0.4 s.
The frequency of the voltages is thus

’:l:

1 _o5Hz
T 04

0.1
N lags M by 0.1 s which is equivalent to (a)Q,v or

T —

T rad.
2

Hence, phase lead of N over M is —% rad.

52. T is a microwave transmitter placed at a fixed dis-
tance from a flat reflecting surface S.

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

A small microwave receiver is moved steadily from
T towards S and receives signals of alternate
maxima and minima of intensity.

The distance between successive maxima is
15 mm. -

What is the frequency of the microwaves?
A 1.0x10" Hz
C 1.0x10" Hz

B 2.0x10" Hz
D 2.0x10" Hz

Helping concepty

Stationary waves are formed between S and T.

v
i
M
P .~N o ..-‘ .
"! "'. '..' “.' "l
0 ;7 02 04 < 08 % 08

What is the frequency and the phase relationship
between the voltages?

frequency /Hz | phase lead of N over M/rad
A 0.4 i —
4
B 2.5 -z
2
(o} 2.5 ( +£.
2
D 25 I
4

1000 Physics mc% with HELPs

maxima |

15 mm

Wavelength of microwaves =2 x 15 = 30 mm

Speed of microwaves=3.0x10% ms"'

speed
wavelength
_30x10° ms™'

30x107% m
=1.0x10"" Hz

Frequency =
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53. A double-slit interference experiment is set up as
shown.

red
light
source

single double
sht slit

screen

Fringes are formed on the screen. The distance
between successive bright fringes is found to be
4 mm.

Two changes are then made to the experimental
arrangement. The double slit is replaced by another
doubie siit which has half the spacing. The screen
is moved so that its distance from the double slit
is twice as great.

What is now the distance between successive
bright fringes?

B 4 mm

C 8mm D

Helping concepty

16 mm

For Young's double slit experiment,

.oax AD
f=— D X =—
D a
For scenario 1,
4 mm= —’2
a
For scenario 2,
/(2D)

X =

1 4£=4(4)=16mm
(Za) a

54. A sludent sets up an experiment to demonstrate
double slit interference, using light of wavelength
6.0 x 107 m. The main features of the apparalus,
and some of the dimensions, are illustrated.

single double
slit slit
i % 0.50 mm
) O 1.0mm 30 mmI .!_
light 1 0.50 mm
source T

What is the separation of the bright fringes on the
screen?

A 0.12 mm B 0.30 mm

C 0.90 mm D 1.80 mm

Helping concepty
For Young's double slit experiment,
ax

A=—
d

where a = distance between 2 slits,
d = distance between slits and screen,
x = fringe separation,
; = wavelength of light.

Ad _(6.0x 107)(1.50) _ 0.30 mm
a (3.0x107)

55. The four pairs of diagrams represent standing
waves formed in a stretched string and in a pipe
open at both ends.

If nodes are marked N and antinodes are marked
A, which pair of diagrams is labelied correctly?

stretched string open pipe
AN

OO XXX
B A

IO OO0
c A

SO DXOOCK
Dy

IO OO0
screen

0.60m 150 m

1000 Pbysics Wc% with HELPs
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Helping concepty
For stretched string, both ends must be a node.
For open pipe, both ends must be an antinode.

A node should be represented at point of zero dis-
placgment (or equilibrium) and antinode at point of
maximum displacement.

56.. A two-source interference experiment is set up as

shown.
sn_:ale dosuliI:Ie screenN
lighit ﬂ H
Soice mOAOmm
.
The source emits light of wavelength 600 nm. The
. interference pattern on the screen is shown be-
low.
SRR —
[ )
e ﬁ‘ //
iR
mw ‘ \
SETN——
What is the distance x?
A 38x10"m B 19x10%m
C 38x10°m D 19x102 m
||—C—|—p—;l-g concepty

PO

For the question, x = 5(fringe separation)
=5(3.75)
=19 mm

=1.9x102%m

1000 Physics mc% with HELPs

57. ,A turning fork is made to vibrate above a tube
filled with water. The water is allowed to run out
of the tube.

luning fork

.....

water
~

A loud sound is heard when the length of the air
column is L, and again when the length is L,.

What is the wavelength of the sound in the tube?
Ly -1,
2L,

A 2L B
C 2(L,-L) D

Helping concepty

Let 2 be the wavelength of stationary sound wave.

A
—4‘=L1+€ """ (1)

3.
=i=L,+e----- 2
A 2 2)
where e is the constant value of end correction.
, 1.,
(2)—= (. LZ—L,=E/.

}s = 2(L2 _L‘)
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Frequently Examined Ques}_iop_s

58. A conlinuous progressive wave is incident on a

barrier. The diagram shows just the incident wave
at onc instant.

The wave is being reflected from the barrier, form-
ing a stationary wave,

Which diagrams represent the reflected wave and
the resultant wave at the same instant?

reflected resultant

g \/\\{

‘ First diagram:

Helping concepty

Refiected wave is in anti-phase to the original wave.

The resultant wave at that instant will be zero displace-
ment as the incident and reflected waves cancel out

‘each other.

59. The diagrams show paricle movement in an air
column when a stationary wave exists in the col-

umn.
.. o .
W W A A A A i e = P e — —— e
P - Nt W W —— M —— G— A P —P — P P —
P N A A W o e e e — — . ——
node antinode node antinode
VB e e e s e e = o ) - —— S ——— ———
O e e e i —— e e e @ e e —— —— ) e
B B e e B — P = 0 - Y= G —— ——

1000 Plysics Wc? with HELPs

-

The first diagram shows the displacement o! some
particles -at one instant and the secopd diagram
shows the displacement of some particles half a
cycle later.

What is the length L of the column in terms of the
wavelength 4. and at which position within the
column does the pressure change by the largest

amount?
length L | maximum pressure change at

A E}_ node

4
B g/'. antinode

4
C 9—/‘. node

2

3 .
D 5). antinode

Helping concepty

Second diagram:

o
I
~.
\

Taking right-wards pointing arrows as positive displace-
ment upwards for the 2 diagrams above.

It is clear that %,i =L from both diagrams 1 and 2.

In the first diagram, at the node, it is a rare fraction

(low pressure) as the particles are moving away from
one another.

In the second diagram, at the node, it is a compres-

sion (high pressure) as the particles are moving to-
wards one another.

Therelore, the pressure change is the greatest.
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Flectric Fields

f—r Key content that you will be examined on:

AR

Concept of an electric field
Force between point charges
Electric field of a point charge
Uniform electric fields

Electric potential
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Electric Fields

create any .

1. Which of the following statements about an elec- C so that the test charge does not y
oc field is incorrect? lorces on nearby charges .
' 's law for point charges Is

A The electric field strength due to a point D zget;:é Coulomb P .

charge varies as 1/r2 where ris the distance
from the charge. Helping concepty

B Electric field strength is a vector quantity. The test charge should not change or affect the field

C The electric field strength at a point is a mea- it is going to measure.
sure of the force exerted on a unit positive
charge at that point.

D The electric field strength is zero at all points
where the potential is zero.

Helping concepty 4. The electric field strength between a pair of par-
o e allel plates is E. The separation of the plates is
doubled and the potential difference between the
plates is increased by a factor of four.

The electric field strength is zero at all points if the
potential gradient is zero at these points. Zero poten-
tial at these points do not imply that the potential gra-

dient is also zero. Hence, statement D is incorrect. What is the new electric field strength?
A E B 2E
C 4E D 8E

Helping concepty
2. What is the value of the potential gradient at a L
point in an electric field?

=Y
A the electrical potential energy of a unit posi- d
tive charge at that point £ 4V oF
B the electric field strength at that point e T g
C the force acting on a unit negative charge at
that point
D the work done to move unit negalive charge
from infinity to that point
"Helping concepty 5.

Which diagram represents the electric fields of a

dv negative point charge, shown by e,
Potential gradient = o = numerically equal lo the elec-
r

trical field strength in an electric field,

3. Electric field strength is defined as force per unit .
positive charge on a small test charge.
Why is it necessary for the test charge to be small? c ‘ D -
A so that the test charge does not distort the
electric field
B so that the force on the test charge is small ; |

1000 Pb‘\gsics mc% with HELPs page 158



Topic 12 Electric Fields

Frequently Examined Quesiigqf

Helping concepty

Electric field of a negalive charge radiates inwards to-
wards itself.

6.. The charge on the uranium nucleus is
1.5x 10" C and the charge on the «-particle is
3.2x10" C.

What is the electrostatic force between a uranium
nucleus and an «-particle separated by

1.0x 10" m?

A 43x10™N B 43x10*N

C 43x10"®N D 43N
Helping concepty

The electrostatic force F is given by

F o 9@

47rz:°d2
_ (1.5x1077)(32x107")
" 47(8854 x 10712)(1.0x107"%)?
43N

A point electric charge —-q is brought from a point
P, in space lo another point P, py an external
agent, The electric potentials al points P, and P,
are V, and Y, respectively.

What is the work done on the charge?

A q(Vy+V) B q(-V,-V)
C qV,-V) D q(V,-V)
Helping conceptly

Electric potential energy at P, and P, is (-q)V, and
(-q)V, respectively.

Work done = change in electric potential energy

=(-qV, - (-q)V,
=q(V,-V2)

7. In Millikan's experiment, oil drop are used to mea-
sure the elementary charge e.

Which statement about the behaviour of the oil
drops during the experiment is correct?

A When an oil drop becomes charged, the size
of the charge must equal-e.

B When an oil drop is stationary, it must carry
a charge.

C When an oil drop moves upWards. only the
electric force is acting on it.

D When no electric field acts, all drops move
downwards with the same constant velocity,

Helping concepty

For an oil drop to be stationary, there must exist an
upward force to counter the downward force of its own
weight. This upward force is created when the oil drop
is charged and placed in an electric field with the ap-
propriate polarity so that the oil drop is attracted to the
upper plate.

Which diagram represents the electric field in the

. vicinity of a positive electric charge of magnitude

Q?

Helping concepty

By definition, electric fields are pointing away from a
- positive charge in a radial direction.

1000 Physics mcg with HELPs

10. A gold nucleus (radius r) is represented by the

symbol '$7 Au. Taking e as the elementary charge

and ¢, as the permittivity of free space, what is

the electric lield strength at the surface of an iso-
lated gold nucleus?

7
A zero B —giz
dreor
197¢ 79¢2
2 D 3
4’”"0" 47”:0“
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Helping concepty

Electric field strength at distance r fro

m the cenlre of
the nucleus Er is

79e
4zr£0r2

Er =

since charge with the nucleus is 79e.

11. Which path shows a possible movement of an

electron in the electric field shown?

A

3

>
electron beam t——t—""1 B

—
—
N

ARAS

Helping concepty

D

A positive charge will move in the same direction as
electric field, and vice versa for a negative charge.

12. In an experiment to demonstrate Coulomb's law
in electrostatics, the force F between two small
charged spheres is measured for various distance
r between their centres.

A graph is plotied of IgF (y-axis) against Igr (x-
axis).

What is the slope of this graph?
1

2

B

Helping concepts

Force F between two small charged spheres at a dis-
tance r apan is given by

100,
r 2

where Q, and Q, are charges on the charged spheres.

F =
4m
oo lgF = Ig(g-p—"’—)—zlgr
A

The graph of IgE against Igr is thus a straight line of
gradient equals 1o -2.

/
1000 Physics mc% with HELPs

13. The diagram shows the variation of the electric
polential V with distance d along a straight line in

a particular electric field.

Al which point is the magnitude of the electric field

greatesl!?
V) D
Cc
A g R
0 Vd—
Helping concepty
g-9v
dx

That is, electric field is the gradient of the graph. The
steepest gradient will be the one with the biggest value.

14. The large horizontal metal plates are separated—- s

by 4 mm. The lower plate is at a potential of
-6 V.

$4 mm

What potential should be applied to the upper plate
to create an electric field of strength 4000 Vm™'
upwards in the space between the plates?

A 22V
cC -10V

B
D

+10 V
=22 V

Helping concepty

To creale an electric lield acting upwards, ther upper
plate is al a potential lower than -6 V.

; v
Using E =—,
o d

V =(4000)(4 x10%)=16 V
Potential of upper plate=-6-16=-22 V

15. In discussing electric fields, the terms ‘electric field
strength', ‘electric potential' and ‘potential gradi-
ent' are used. :

Which statement about these terms is correct?
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Frequently Examined Queslions

A Electric field strength at a point is the work
done in bringing unit positive charge from
infinity to the point.

B Electric potential and potential gradient are
both scalar quantities.

C The potential gradient at a point is numeri-
cally equal to the electric field strength at that
point.

D Unit potential gradient exists between any two
points, if one joule of work is done in trans-
porting one coulomb of charge between the

points.

Helping concepty

A Electric field strength is the force exered by the
field on a unit charge.

B Potential gradient is a vector quantity.

D Unit potential gradient exists between any two
points if a force of 1 N is required to transport one
coulomb of charge from the point at lower poten-
tial to the point at higher potential.

16. Charges of +2;C and -2,;C are siluated at
points P and Q respectively, as shown. X is mig-
way between P and Q.

+2 [IC -2 NC

@i [ )

P X Q
Which of the following correctly describes the
electric field and the electric potential at point X?
[ Telectric field | electric potential

A | towards Q zero

B | towards Q negative

C | towards P zero ’

DJ towards P positive
Helping concepty

Electric fields act from higher potential to lower poten-
tial, thus towards Q.

Electric potential is zero since X is midway between
P and Q.

17. A constant electric field is to be maintained be-

tween two large paralle! plates for which the
separation d can be varied.

1000 Physics mc% with HELPs

Which graph shows the potential difference V be-
\ween the plates must be adjusted to keep the
field strength at a constant value?

v v
A B
I 0
0 d d
v v
Cc l i D k
0 ” 0 d
Helping concepty

From the equation E = % we can see that if the elec-

tric field is to be kept constant, then V x d.

18. Two parallel conducting plates are connected to
a battery, one plate to the positive terminal and
the olher plate to the negative. The plate separa-

tion is gradually increased, the plates remaining
connected to the battery.

Which graph shows how the electric field E be-
tween the plates depends on the plate separation

x?
E E
A & B K
0 0
X X

E Ea
c D
0 > o
X x
Helping concepty

For a parallel plate,

v
E-= i constant,
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