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Chapter 1

(a) 48000, move decimal point 4 places left
4.8 x 104

(b) 0.000036, move decimal point 5 places
right 3.6 x 10
(c) 14500, move decimal point 4 places left
1.45 x 10* 7

(d) 0.00000048, move decimal point 7 places
right 4.8 x 10~

(a) 5585km =5.585 x 10°m
(b) 175cm =1.75m 8
(€) 25.4um =2.54 x 10°m

(d) 100,000 million, million, million km
=10°%x 10°% x 10% x 10°km = 10%?km
=10%m

(a) 85 years
=85 x 365 (days in a year)
x 24 (hours in a day) x 60 (min in an hour)
x B0 (seconds in a min)
=2.68 x 10%s

(b) 25ms=2.5x%x 10%s

(C) 4 days =4 x 24 x 60 x 60 = 3.46 x 10°s 9
(d) 2 hours 52 min 59s

=2 x 60 x 60 + 52 x 60 + 59

=7200 + 3120 + 59

=10379 =1.04 x 10%s 10

(a) 200g =0.2kg
(b) 0.00001g=1x10°g=1x 10%kg
(c) 2tonne =2000kg

Volume =5 x 10 x 3 =150m?®

(@) Hairis cylindrical

; v

20cm =20 x 107%m

r:% =12.7um = 12.7 x 10°m

Volume = mr? x /
=1t x(12.7 x 10%? x 20 x 107
=1.0x10""m?

(b) Radius of the Earth = 6.378 x 10°m
(from text)
Volume of sphere = %nr3

= %nx (6.378 x 1057 = 1.09 x 102/ m?
ngzm:pv

Density of air, p = 1.2kgm=
V=5x10x3=150m?3
m=1.2 x 150 = 180kg

30cm =30 x 107%m

W:wxm%m

]10cm— 10 x 107?m

Volume =30 x 15 x 10 x 10®m?
=4500 x 10°m?
=45x%x103m?

Density, p = % =m=pV
=1.93x10*x 4.5 x 1078
- 86.85kg

From question 6, volume of Earth
=1.09 x 10" m?®
From text, mass of Earth = 5.97 x 10%*kg

Density = % = % =5.48 x 10°kgm-®

The points on the first graph are not far spread
from the line so the apples seem to be of almost
equal size. On closer inspection the 4™ point
seems to be plotted in the wrong position since
it is indicating the mass of 31 apples.

The points on the second graph are more
spread out so the apples appear to be slightly
more uneven than the first case. On closer
inspection the difference between 2 apples and
3 apples is very small. This is either due to an
unusually small apple or a mistake.
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The apples in the last graph are all of about
the same size but according to the graph one
apple has no size. This could be because of a

systematic error in counting the apples (unlikely)

or because the balance reading was always
about 2009 too low. It is also strange that the
measurements start at two apples; why didn’t
the experimenter measure the mass of one
apple first? Probably some mistake has been
made transferring the data.

— Detective work!

Taking natural logs of A and B:

E‘ 2.5
2.0
1.5
14
0.5

0 T | |

-1 -0.5 0 0.5

logB

Equation of line logA = 2 logB + 0.6
A=10%632
A=4B?

L =0.050 + 0.001m

% uncertainty = % =2%

m =1.132 + 0.002kg
% uncertainty = 0.18%

ho_m_ 1182 _ 5
density = V = 10.058 9056kgm
total % uncertainty =0.18 + 3 x 2 = 6.18%
6.18

618 - -3
-2 % 9086 = 560kgm

density = 9056 + 560kgm™

183 d=400+1m
total distance is 4 x 400 = 1600 m
total uncertainty is4 x 1 =4m
distance is 1600 + 4m

14 T7=112+01s
time for one swing is % =1.12s

uncertainty for one swing is % =0.01s
time for one swing = 1.12 £ 0.01s

15 (a)

=5.2¢cm

- cos 55

(b)
50°

4cm

o_ X
tan 50 =7
x=4tan 50 =4.8cm

(c)

30°

ing =X
sme_6

X=6sn30=3cm

(d)
3cm
20°

sin 6 =

@

T sin30°



16 (a)

3cm
4cm
X =7+ F =25
x=5cm
(b)
4cm 9
4cm
x=J42+42=[32
X =5.66cm
(c)
2cm X
6cm
x =27 + 6 = [40
X =6.32cm
(d)
3cm X
2cm
x={F+2=13
x=3.61cm
17 By Pythagoras
R=J4+8 = \/%
R = 8.94km Bl
tan6=%:>9=63.4°
18 By Pythagoras
R =J100? + 502 = 112km
50 o
tanﬁzm=>9:26.6 100km

19 Component north = 10 cos 30°

(because it’'s next to angle)
= 8.66km

W

20 Component south = 8 cos 20°

(because it’s next to angle)
=7.52km

w

8km

21 Vertical component = 500sin 60°

(not next to angle)
=433m

30°

N

207

10km

Note: You don’t need to know about capacitors to

answer this question.

1 (a) Use aconvenient scale.

T 200+
£
<
175
150+
125
175nC
100 A 4
754 A4
50
254
40V
O T T T T T T
0 10 20 30 40 50 60
V (V)

Note: The error bar on 30nC is too small to plot

accurately.



(b) Uncertainty in Q is 10% so error bar for 6
30nC is + 3nC (about } division) and for
180nC + 18nC (about 4 divisions)

(c) Gradient of steepest line shown = 14LO5

=4.4nCV"!
(d) Units of capacitance = CV-'

_EA, L, Q_tA Q

(e) Q= g V= V= where v

is the gradient

S0 gradi/eé\nt xd _ e,

N 4.4 x10°x0.51 x 108 7

0.15

=15x 10" CV'm™
If distance is between 49.8cm and 50.2cm 8
then the mean value = 498 £502 _ 59cm

2
The spread of the measurement

=50.2-49.8=0.4cm
So the uncertainty is + % =0.2cm

Measurement is 50 + 0.2cm
The answer is C.

T:2n\/§

Squaring,
=T2«<m
So T2 plotted against m will be a straight line.
The answer is A.

T? = 4n21
™%

Power = I°R

uncertainty in/ = 2%

so uncertainty in /2 =2 x 2% = 4%

uncertainty in R = 10% 9
so uncertainty in /R =4 + 10 = 14%

The answer is C.

A zero offset error means that when no current

passes through the ammeter the reading is 10
not zero.

If instead of zero the meter reads 0.1 A then all
measurements will be 0.1 A too big.

The precision of each reading will not be altered

but the readings will not be accurate. Like a

football player hitting the post every time —

precise but not accurate.

The answer is C.

F=10.0+0.2N
% uncertainty = % x 100% = 2%
m=2.0+0.1kg
% uncertainty = % x 100% = 5%

% uncertainty in % =2+5=7%

When two numbers are divided their %
uncertainties add.
The answer is C.

T x 8.1
\15.9

To one significant figure, this is 6.
The answer is D.

=6.38

~

Vs

Velocity of x relative to y is found by subtracting
the velocity of y from x.
This is the same as vector x + (- vector y).

The answer is B.

The mass of an apple is about 100g
Soitsweight=0.1 x 10=1N

This would be a small apple.

The answer is C.

(a) Itisn’t possible to draw a straight line that
touches all error bars and passes through
the origin.



(b)
0 1 2 3 4 5 6 7 8 9 10 11 12
n
(c) D=Crr
log,,D = log,,C + plog, n
Plotting log,, D vs log,, n will give a straight
line with gradient p (y = mx + ¢)
(d) (i) From the error bars, the uncertainty in
Dforn=7is +0.08
% uncertainty = (?gg) x 100% = 6.3%
uncertainty in D? =2 x 6.3 = 13%
(ii) The straight line passes through all the
error bars shown and the origin.
(iii)
23
10
z
0 1 2 3 4 5 6 7 8 9 10 11 12

From graph, gradient of best fit line

_ 23 _ 2
=70 =0.23cm

gradient of steepest line =
=0.26cm?

gradient of least steep line =
=0.19cm?

(3.1-0.2)
11

(2.4-0.3)
11

(0.26 - 0.19)
2 2

=0.04cm?
So gradient = 0.23 + 0.04 cm?
(iv) The unit of the constant is cm?.

Uncertainty = (Max=min) _

_d_005 _ »
=T 006" 0.83ms
7v2

Rearrange the equation: g = 0P
_VAx7 _ 083 x7 _ ,
9=30xn = 10x006 - >10MS

Percentage uncertainty in d = (%) x 100 = 4%

Percentage uncertainty in t = (%) x 100 =17%

Percentage uncertainty inv =4 +17 =21%
Percentage uncertainty in h = (%) x 100 = 3%

VZx 7
10x h

Percentage uncertainty in g =
=2x21+3=45%

Absolute uncertainty = (%) x 8.10 =3.62ms>

Final value = 8 + 4ms=

The biggest uncertainty is in the measurement
of time; this could be improved by repeating
the measurement several times and taking
the average.
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Chapter 2

1

100km 100000 _ L

@ o ~ Goxo0 -2/ 8MS
20km . 20000 _ |

®) Thour ~ Boxp0- >6MS

_ distance _ 400 _ _
(a) speed = e~ 08 - 4.2ms

(b) total displacement = Om
average velocity = O0ms™'

(c) After 48s runner will be half way around,
travelling south. The speed is constant,
so the magnitude of the velocity will be
4.2ms™.
instantaneous velocity = 4.2ms™ (minus
sign indicates travelling south)

(d) After 24 s the runner will be % way round

6.35m
6.35m
displacement = /63.52 + 63.52
=90m

10

bird
10ms™
IZO ms™'

In this case we must subtract the velocity of
the car

velocity = /202 + 102 = 22.4ms™

_10
tan 6 = 20
6=tan"' 0.5

0 =26.6°

/olﬂtionsw

4ms

<

1ms™
S
relative velocity =42 + 1 = 4.1ms™
_ 1
tan 6 = 4
0=14°
5ms?
s
V?
o o—>
h 100m g
s=100m
u=0ms"
v="
a=5ms>?

t=-—
Use v? =u? + 2as
v2=2as=2x5x100 = 1000

v =/1000 = 31.6ms"™

5ms?
R

20ms V?

< A

- 200m ”
s =200m
u=20ms"
v ="
a=5ms?

t=-—
Use v? = u° + 2as
v2 =202+ 2 x 5 x 200 = 2400

V= ,/2400 =49ms™
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u? 10ms™ 20ms™
o—> —— o—>
=53
s=-—
u="
v=20ms"
a=10ms=
t=5s
Usea:%iu:v—at:20—10x5 1
u=-30ms"
@ t=2s
v 25
10m321
20 1
ISOms‘ 15 .
s=7
u=30ms 5
Ve 0
a=-10ms2 (acceleration is negative)
t=2s
Uses =ut + Jat? =30 x 2 — 310 x 22
=60-20=40m
) 12
10m321 6.5cm
IV
s =0.65m
u=0ms"
v="
a=-10ms=
t=—
Use v2 = U? + 2as 13

vV=0-2x10x0.65=13

v=/13=3.6ms"
10ms? 20ms™
s=0m

u=20ms"

a=-10ms=>?
=7
Usea:%
t:V—U
a
-20-20
= =4s
-10
a
—_—
25ms
) o—>
t=10s
O 1 2 3 4 5 6 7 8 9 10

t
distance travelled = area = § x 10 x 25 = 1256m
acceleration = gradient = %8 =2.5ms?

velocity/ms™ A
10

areas cancel

time/s

—-10 4

positive acceleration of % ms= for 3s

followed by negative acceleration of % ms=
for6s

10 x 3
2

displacement = area under graph =
=15m

constant acceleration
but lower than 1st part

constant acceleration

constant velocity

~Y
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>
negative
no vertical motion acceleration
o A V
2
“
st|I| moving
downwards
but positive
acceleration
—
displacement A
A
time
velocity A

NENEN
A BCVI\I\Ume

A The gradient starts from zero and becomes
more negative as the ball falls.

B The ball bounces and the velocity suddenly
changes to a positive value with slightly

less magnitude.

As the ball rises it slows down until it stops at C.

The velocity then becomes negative as it falls.
Note the gradient of all the diagonal parts is the
same; this is because g is constant.

The velocity just after the ball leaves the ground
is the same as the velocity just before it hits

the ground.

16

17

18

displacement o

time

time

velocity Y

The gradient of the displacement—time graph
starts from zero and gets more negative until it
reaches a constant value.

~<

30ms™ AN
60° \.

From vertical components

<
«<

s=0
u =30 x sin 60° =26ms™'
v=-26ms"
a=-10ms™
t="7
. _v-u _Vv-u
Usmga——t , t A
_ -26-26 _
= —10 =52s

From horizontal components
S=vt=30xcos60°x52=78m

Vertical motion

s=5m
u=20xsin0O
v=0
a=-10ms=

t=-

(@) v2=u?+2as

0=u?-2x10x5
100 =10ms™’
.. 20 x sin@ =10, SiﬂGZ%, 0 = 30°
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21

(b) a= % = time to reach wall t =

t=0-10_44

In this time, horizontal displacement = v, t

-10

=20xc0s30°x1=17.3m

A

200m

Using horizontal components

d
V===
t

f_d_ 200
v~ 200

=1s

Using vertical components

S=y
u=0
V=-

V—-u

Convenient to take down as positive in this

example

a=10ms™’

t=1s

s=ut+3at?=y=0x1+2x10x 12

y=5m

maximum distance is when 6 = 45°
Using vertical components

s=0

u=20xsin45°=14.14ms™
v =-20 x sin 45° =-14.14ms™

a=-10ms>?

t="

g=Y"Y_y4_V-UuU
t a

Range=v xt=14.14 x 2.8 =39.6m

(GY)

10N 4

1414 -1414 5 g4

h

-10
Using horizontal components

10N

TON

(b)

(@)

(b)

(@

(b)

Vertical components cancel, so resultant
= 10N to the right

3N 3

»
>

5N 5

Resultant = \/52 +3%2=5.8N
Angle 6 = tan™ % =31°

40N
60N 60N

A
N

Horizontal forces cancel

F=40N
30°% 30°
40N\ | / 40N
/E

Horizontal forces cancel
Vertical components of upward force
=2 x40 x cos 30° = 69N

Vertical components cancel:
50 x sin 20° - 50 x sin 20° =0
Horizontal components:

20—-2 x 50 x cos 20° =-74N

Horizontal components: 60 — 40 = 20N

Resultant = ,/402 +20%2=45N

_tan-t 40 _ o
Angle 6 = tan 50 = 63.4



8.60N

l1ON

Parallel to slope:

Resultant = 10 x sin 30° - 1
=5-1=4N down slope.
Perpendicular to slope:

Resultant = 8.66 — 10 x cos 30° =0
Resultant force = 4N down the slope.

Vertical R = 4 x cos 30° + 6 x cos 60° — 4
=3.46+3-4=246N (up)
Horizontal R = 6 x sin 60 — 4 x sin 30°

=5.20-2=3.2N (right)
2.46
)
3.2
Resultant = 1/3.22 +2.46° = 4N

— —1 & — [}
Angle 8 = tan 35 = 37.6

6N

Fi

Taking components along the line of F.

2 x 6 x Ccos 45° = F,
F, =8.49N

(b) iy 20N

~730°) .
F
60N
Horizontally
F, =20 x cos 30°
F,=17.3N
Vertically

F, +20 x sin 30° = 60
F,=60-10=50N

10N

(a) Since forces are balanced
horizontal resultant = O
= F =T sin 30°

(b) Vertical resultant =0

= 10 = T cos 30°
__ 10 _
(c) T_Cossoo_11.5N

(d) F=11.5xsin30° = 5.8N

(@) Parallel to ramp
F =50 x sin 30°

(b) Perpendicular to ramp
N =50 x cos 30°

() F=25N
N =43.3N
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30

31

32

knot
600N

(a) Vertical components
2T x cos 80° = 600N
(b) Horizontal components
T x sin 80° =T x sin 80°

_ 600 _
() T= X cosB0° 1728N

0.2kg

before .—> 10ms™
after  5ms”’ <—.

momentum before = 0.2 x 10 = 2Ns
momentum after = 0.2 x -5 = -1Ns
impulse = change in momentum

= final — initial

=-1-2=-3Ns

0.067kg

@ — s
soms” <—@)

momentum before = 0.067 x 10 = 0.67Ns
momentum after = 0.067 x =50 = -3.35Ns
impulse = change in momentum
=-3.35-0.67

=-4.02Ns

0.1N

W=mg=
0.006 x 10 =0.06N

Upward force = 0.1 - 0.06

=0.04N
F=ma=a= £
m
_ 0.04 _ )
= 0.006 = 6.7ms
Acceleration = V;u = 0'12_ 0 _ 0.05ms>
.—>1000N
F€<— ]

Resultant F=ma =50 x 0.05 =2.5N

Resultant F: 1000 - F=2.5 = F=997.5N
Friction = 997.5N

33 a s
10kg T=ma=10xa

50N

(a) Equating the equations for T:
10a =50 - 5a
15a =50
a=33ms>
(b) Using the equation at the top of the
diagram
T=10a=10x3.3=33N

34

1000kg

10kN

Resultant force = 2kN
F _ 2000

_r_ _ -2
=a= =750 - 2Ms

35

* 0.5ms?

F=ma=65x05=325N
Resultant force = 32.5N
= N-650=32.5

N =682.5N
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37

38

4000 cm?®

(a) U = weight of fluid displaced
volume displaced = 4000 x 10%m3
mass displaced = pU = 1000 x 0.004
=4kg
Upthrust = 40N
Resultant F =40 -2.5=37.5N up.

_F_3715_ ,
(b) a= =55 = 150ms

Friction will act against the motion of

the ball

(@) Newton 1: Since the velocity of the gas
changes there must be an unbalanced
force on the gas.

Newton 3: If the rocket exerts a force on
the gas the gas must exert a force on the
rocket. This force is unbalanced so the
rocket accelerates.

(b) Same as 37(a) but replace gas with water
and rocket with boat.

(c) Skateboard replaces rocket, person
replaces gas.

(d) The ball accelerates up due to upthrust.
If the water pushes ball up then ball pushes
water down so the reading on balance
will increase.

(a) 10ms™

‘—> ‘ v ims”
o> 0

Before collision momentum=m x 10+ m x 0
After collision momentum =mv + m x 1
Conservation of momentum = 10m=mv + m
=9m=mv

v=9ms

(b) 5ms™

Before collision momentum =-5m +5m =0
After collision momentum =-mv + m
Conservation of momentum = 0 =-mv + m
m=mv
v=1ms" (Could be + or — depending on

which ball you take.)

the ship.

Must travel 2m in 2 min
_ 2 _ 1
:>vm_120_0.017ms

momentum before = momentum after
0=-100x0.017 +2 x v,

v, = % =0.85ms™ Sounds possible.
39 3
5N
>t
0.35s

(a) Impulse = area
=17 x5x0.35
=0.875Ns
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41

42
43

44

(b) Impulse = change of momentum = mAv
mAv = 0.875Ns
so if m=0.02kg

0.02 x Av =0.875

_0.875 _ =
Av = o0 - 44ms

Impulse = area = 0.5 x 0.35 x 5 =0.875Ns

Change in velocity = % = %8% =43.75ms™

= final velocity since initial was zero

From conservation of energy smv? = mgh

v2 _ 43.75°

soh=—-— =7.7m

29 2x98

Use 150° since this is the angle between
direction of F and displacement.

(a) Work done = 150 cos 150° x 10m
=-1300J

(b) Dog is doing the work.

Since displacement = 0, no work is done.

150N o
< — 180°
2m
Work done = 150 cos 180° x 2
=-300J

6cm

8cm

(@) Spring is stretched 2cm.

(b) F=kx
F=2x2=4N

45

46

¥

(d) Work done = area under graph = % x4 x2
=4J
() Redarea=2x 1 (4 +8)=12J

o e T S
o

(€ R

Area:%><300><5+300><3+%><300><2
=750 + 900 + 300
=1950J

5ms™

50m \

At top of cliff the stone has

PE + KE =1 mv,2 + mgh

At the bottom the stone has only KE = % mv,?
Conservation of energy
:>%m><52+m><10><50

= % mv,?

v, =2 x (£ x 5%+ 10 x 50) = 1025
v,=32ms"
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\ OO.ZSkg

=€

(a) When ball hits spring
KE = original PE
=mgh
=025x10x5
=12.5J

(b) Ball loses all its energy so work done =
loss of energy.
Work done = 12.5J

(c) Energy given to spring = 1/<X2
12.5 =3 x 250000 x x?
X2 = 0.0001
x=0.01m=1cm
(Note: We have ignored the loss of PE by
the ball as it squashes the spring; this is
very small.)

51

52

48
15N

[0 05m
e ——
(@) Work done =F xd
=15x 0.05
=0.75J
(b) Work done will increase the PE of the ball
Increase in PE = 0.75J = mgh
0.75=01x10xh
h=0.75m

2ms™’
0.2kg / h

(o~

(@) Original KE = final PE

I mv? =mgh
_vE_ 2
h‘zg‘zmo‘o'zm
(b) fv=4ms', h= 410—08m
(@) Work done = mgh =2 x 9.8 x 100
= 1.96kJ

(b) Efficiency = (useful work/work in) x 100%

45 = 1.96 x 103 x 100

E
E=4.36kJ
(@) Useful work = gain in KE
. o 1000
Convert velocity to ms™ = 100 x 00 60)
=27.7ms™’
KE = Fmv2 =1 x 100 x 27.72
=3.86 x 10°J
(b) 60 =3.86 x 10° x 120
E=6.43 x 10°J = 0.643MJ
(c) 36MJ per litre so 0643 _ 1.8 x 107?|
0.01kg 0.01kg

RO
@W\AN\AN@

) Work done to compress spring = elastic PE
of spring = § kx?
=% x0.1x0.08?
=1.25x10%J
(b) KE gained by balls = 1.25 x 10*J
Since balls are the same must get
15 x 1.25 x 10*J each
=6.25x 10°J
(€) KE=2mv?=6.25x10"J

2x6.25x10°
0.01

v=0.1ms"'

V2 =
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55

56

10

(@) Momentum before =2 x 10-10 x 15

=20-150=-130Ns
Momentum after = 12 x v

Conservation of momentum: —130 = 12v

v =-10.83ms™

(b) KE before =1 x2x 102+ % x 10 x 152

=100+ 1126 =122J

KE after = % x 12 x 10.832 = 7038.7J

Energy loss = 521.3J

: '10ms‘ 15m51; '
15ms™! ; '10m5‘1

If collision is elastic the velocities swap.

o]

2000N

o]

Work done lifting weight = 2000 x 2 = 4000 J
work done _ 4000 _ 800W

ower = -
P time 5

50kg

“

50m

PE loss = mgh = 50 x 10 x 50 = 25000J

[

[

power = energy _ 250000 _ 1000W

time 25

57

58

59

60

1000N

1000N 20ms”’
S —
-

If velocity constant, forces are balanced so
forward force = 1000N
In 1s the car moves 20m so work done
= 1000 x 20 = 20000J
Power = work done per second = 20kW

Power in = 100W ———>»

10kg

2m

Useful work = mgh = 10 x 10 x 2 = 200J

_ work _ 200 _
power = e - 4 50W
efficiency = POWer ot . 40900, = 20 100%
power in 100
=50%
= _ energyout _ E _ 70
efficiency = energyin ~ 60 ~ 100
_ 0 _
E =60 x 100 =42kJ
_—

S e —

(a) Constant velocity = forces balanced
= forward force = 300N

=6.67kW

power = force x velocity = 300 x
power out _ _ 6.67
power in

(b) efficiency =

power in = 11.1kW

80000
3600

_ 60
powerin 100



18ms™! 18ms™!
@_) S X O_)

18ms™'

® o> o>

—>—
4.5ms time, 6.0s time, t
(@) () Car S travels at constant velocity so

(b)

()

Sg=18xt
(ii) Police car has constant acceleration so
s=ut+ }at?
sF,:O><6.O+%><4.5><6.O2
=81m
(iii) Usinga =
=45%x6.0+0=27ms"
Could use v? = u? + 2as =
v=J2x45x81=27ms" but not
good practice to use s since if you
calculated it wrong in part (i) then this
would be wrong.
However, since errors are not carried
forward you would not lose marks if you
did this.

(iv) Police car travels at constant velocity
from 6.0s until the cars meet at time t.
So time at constant velocity = (t — 6.0)
= x=27(t-6.0)

V=U sv=at+u

The police car catches up (draws level) with
car S when they have travelled the same
distance.

Distance travelled by S in time t = 18t
Distance travelled by P = 81 + 27 (t — 6.0)
So when they meet 18t = 81 + 27 (t — 6.0)
18t =81+ 27t - 162

18t-27t=81-162

t=9.0s

Mass can be defined in two ways:

1) Interms of the force experienced by a
mass in a gravitational field
F=mgsom = g gravitational mass

2) In terms of the acceleration
experienced when a constant force is
exerted on the mass.

F=masom= g inertial mass

T
S

=
=
=

o
=)
]
>

—

velocity (ms~

0.8

(b) (i) from the gradienta = 05 = 1.6ms™
(ii) distance = area
:%x0.5x0.8+0.8><11
+ % x05x08 =9.2m
0.5s 0.5s
i 53 4
0.80 4 (= LariBl
A
0.70
0.60 1
0.50 {
0.40 0.8ms
0.30
0.20
0.10
0.00 HorEo N
0.0 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.011.012.0
time (s)
(iii) Minimum work = gain in PE = mgh
=250 x 10 x 9.2
=23000J
. _ work done _ 23000 _
(iv) power = e T 1916 W
=~ 1.9kW
(v) efficiency = POWerout . 1509
power in
- % x 100% = 38%
(c) On the original graph, velocity changed
instantly
AV
=a=7
This cannot happen; the changes happen
over time.
0.80 o e e e sk
I L
0.70 {1 \!
0.60 { |
050/ ;
I 1
0.40 {1 1
I 1
0304 }
1 1
0.20 !l 1
0.10 \
o) '

0.0 1.0 2.0 3.0 40 50 6.0 7.0 80 9.0 10.011.012.0
time (s)

11



reading on scales

0.00

(d) (i) Since velocity is constant the force

must be balanced.
f
w

(i) Since elevator is going up and slowing
down acceleration is down so W > T.

5 —

W>T

}V

W should be the same in each diagram, it
is T that changes. Good idea to write which
force is bigger in case diagram isn’t clear.

The reading on the scales is the upward
force on the person; this is bigger than W
when accelerating up but equal to W when
velocity is constant.

0.0 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.011.012.0

12

time (s)

) 0—>0.5s

Electrical energy changes to PE + KE
0.5—11.5s

Electrical energy changes to PE

11.5 - 12.0s

KE + electrical energy changes to PE

3 velocity = 0ms' at top — -~

(@

(b)

(b)

On the way down PE is converted first to
KE then to heat.

~

() Usingv?=u?+2as=s= sz_aUZ
u=8ms"’
V:OmS%
a:—1omsf2
d=~h
_02-8 _
—_2X1O—8.2m
(ii) Usinga:V—U:}t:%
_ 8 _
t=—5=08s

(alternative method)
Time to reach sea = 3.0s
using s = ut +  at?

u=8.0ms"
t=3.0s
a=-10ms=
§=8x3-1x10x3
=24-45
=-21m

i.e. 21 m below start.
So the cliff = 21 m high

Newton'’s third law: If body A exerts a force
on body B then body B must exert an equal
and opposite force on body A.

Law of conservation of momentum: for a
system of isolated bodies (i.e. no external
forces acting) the total momentum is
constant.



Should be the same length acting through
the centre of the spheres.

d () Fe=
F,. =

AB

(change in mv), _ MV = 0

time t
mv,

After

Before @

(ii) Fg, = rate of change of momentum

_ (changeinmv), mv, —mv
B time B t
mv,—v)
Foa = /;

(e) According to Newton'’s third law
F..=-F

AB BA
B _ -m(v,—Vv)
t t

mvg =-mv, +mv

mvg +mv, =mv

(f) If KE conserved then initial KE = final KE
Tmvi=1mv2+Lmy?
ViE=v,2 42
From conservation of momentum we know
thatv =v, +v,
If v, is at rest then v, = 0 and B travels at v
thenv,=v
Sove=02+v?andv=0+Vv
which means that this is a possible
outcome
In fact it is the only solution.

5 (a) Linear momentum = mass x velocity

(b) 800k 5ms- 120E§)kg
r.w."' LHEO ()

immediately before collision

v

rowok .A () I

A

immediately after collision

()

(@)

(b)

()

() Applying conservation of momentum
momentum before = momentum after
800 x 5.0 = (800 + 1200)v
4000 = 2000v
v=2.0ms"

(ii) Initial KE = 3 x 800 x 52 = 10000J
Final KE = £ x 2000 x 22 = 4000J

Loss of KE = 10000 - 4000 = 6000J

When the trucks collide heat and sound are
produced.

() PE=mgh

mg = weight of man = 700N

height from A to B = 30 x sin 40°

=19.3m

B
30m
30 x sin40°
40°

A

gainin PE =700 x 19.3 = 13500J

(i) If 48 people go up per minute the total
increase in PE = 48 x 13500
=6.48 x 10°J

(iii) Assume that people stand still on the
escalator and that they all weigh 700N.

. work done _ gainin PE
i wer = =
() powe time time

_62x10° _ 4 o6
= 25 =1x10*W

efficiency = 2= = P, = 15kW

(ii) The escalator is a continuous band; it
goes up on the outside and down on
the inside.

Since the efficiency will be less than 100%
due to friction etc. the power in will be
greater than useful work done.

Unless they are small children running up
the escalator. ©

13
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14

(a) The total momentum of a system of isolated
bodies is always constant.

() () =

56 D

140ms™' %

Conserving momentum

56 x0+2x140=58 xv
280

_ = —1
55 v=4.8ms
(i) 58 | =8
4.8ms™! Y
(> >
<7 >

2.8m

As block slows work done against
friction = average F x distance moved
in direction of force

Work done against friction will equal the
KE lost = 3 mv? = ] x 0.058 x 4.82
=0.7J

So average F x 2.8 =0.7

average force = 0.24N

(c) (i) Assuming vertical component of

velocity is uniform we can use
s=ut+ }at?

u:OsonS:/ZXO-%:o.mS
a 10

Horizontal velocity is constant

=4.3ms™
Horizontal distance = vt = 4.3 x 0.41
=1.8m
(i)
table clay block
==~ path
N \\/
AN \\\
AN N
N\ AN
\\\ \\
0.85m NS
\ N
N\ \
\ \
\ \
\ \\
A \\\ \\
ground

First draw a diagram

X

Taking components of the motion

Horizontal

x =20 xsin30° x t

Vertical

y =20 x cos30° xt—%x 10 x t?

We also know that ¥ = —tan @ (negative because
the value of y is neg):ative)

Dividing

y _ 20xcos30°xt  05x10x ¢

X = 20%sn30° Xt ~ 20 xsnaos Xt~ ans0

t=4.62s
SO X =46.2m
y=-26.7m

Distance down slope =/46.22 + —26.72 = 53m

Taking components of the momentum
Horizontal:

02x6=0.2x4xcos45° + 0.5 x vcos0O
Sovcos6 =1.27

Vertical:
0.2 x 4 xsin45° =0.5 x vsin®
Sovsind=1.13

vsind _ 1.13 _
vcos® ~ 1.27 =tanb
0=-41.7°

_ 1.27 _ .

"~ cos(-41.7°) 1.7ms
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Chapter 3

6
A
1 (@) 1 mole of copper has mass = 63.549g
=0.06354 kg
Density, p = —1255_ g5 |/ = M B
volume p
_ 0.06354 _ 63
V= 23950 = 7.123 x 10°m
(b) 1 mole contains 6.022 x 102 atoms (from
definition)
(c) If the volume of 6.022 x 10% atoms is
7.123 x 10°m?® then the volume of 1 atom
7123 x 10° 4 .
=== —m3=1.183 x 102m?
6.022 x 10% Loss of PE = gain in KE + WD against friction
2 Density, p = -M8ss_ 4x98x3=%x4x52+W
’ volume
W=117.7-50=67.7J
Volume = 10cm?® . o
work = force x distance in direction of force
=10 x10°m? distance travelled = 5m
Density = 2700kgm= 67.7=Fx5
mass = V/ x p = 10 x 10 x 2700 F=13.5N - -
mass = 2.7 x 102kg = 279 7 \
3 (a) Block has PE=mgh=10x 9.8 x 40
=3.92 x 10°J
. . 30cm
(b) This PE will all be converted to heat so
heat to floor + block = 3.92 x 10%J
10cm 12¢cm
4 Mass of car in example 1 = 1000kg so if Al

v=60ms"’ "
KE:%mv2=%><1OOO><6O2 Q Q Q

=1.8x 10°J
5 If the speed is constant then rate of change of melting ice boiling water unknown temperature
PE Zhgain in energy of surroundings A change in height of 20cm is equivalent to a
% =mgv change in temperature of 100°C
=75 x 9.8 x 50 % = 5°Cem-!
=3.7x 10 The unknown temperature is 2cm above zero;

this is equivalent to 2cm x 5°Ccem™ = 10°C

Alternatively using L=bo o 400
12-10 bt
T=12-10x100=10°C
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12

13

(a) Average KE of air molecules = %kT
(This assumes air is an ideal gas which it
isn’t, but it gives an approximate answer)
temperature in K= 273 + 20 = 293K
Average KE = 3 x 1.38 x 10% x 293

=6x102°"J

(b) molar mass of air = 29gmol-!
mass of 1 molecule = 2 x 10%
=48 x 102%g=4.8 x 10%°kg

(c) KE=1mv?

V= /% = [2x6x10% _ 500ms-
m 4.8 x 10726
From definition Q = CA8

Heat lost =210 x 10° x 2
Q =420kJ

(@) A 1kW heater will deliver 10°J per second
so if it’s on for 1 hour:
heat delivered = 60 x 60 x 10% = 3.6 x 10°J

initi - Q
(b) From definition C = N

the room is heated from 10°C to 20°C
so AB = 10°C

So for the room, C = 2:6x10°

10
=3.6 x 10°J/°C

(c) Some heat will be lost to the outside.

Fromtable, C_ ., =380J/kg°C
So Q=0.25x 380 x (160 - 20)
=1.33x10%J

(@) Density, p = % M=pxV

1 litre = 1000cm® = 1000 x 10°%m?
=10°m?
M =1000 x 10 = 1kg
(b) Q=mch® =1 x 4200 x (100 — 20)
=3.36 x 10°J

(c) 1kW = 1000 J per second

So time taken = 336X 10° _ 334

1000
_ energy
r power = — =21
or powe time
(a) power = %rgy SO energy = power x time

energy = 500 x 10 x 60 (time in seconds)
=3 x10°J

14

15

16

17

18

(b) Energy added = 3 x 10°J = mcA6

3x 10°
0.5 x 900

so if initial temperature = 20°C
final temperature = 687°C

SO AO = =667°C

(@) Initial KE = 3 mv2 = % x 1500 x 20?
=3 x 10°J
Final KE = 0J so KE lost =3 x 10%J
(b) 75% of 3 x 10°J

_ 75 5 _ 5
_1OO><3><‘10 —2§5><10J

() Q=mcAb = Ab = —
2.25 x 10° e
= Soxaa ~°1°C
(a) 8 litre/min = 8kg/min since 1 litre has a
mass of 1kg.
So in 10 minutes 80kg of water is used.
(b) Using Q = mcA6
Q =80 x 4200 x (50 - 10)
=1.34 x10"J

From definition Q = m/

(fusion since water is turning into ice)

Heat released, Q = 1 x 10° x 3.35 x 10°J
=3.35x 10"J

To change 400g of water at 100°C into steam
requires 0.4 x 2.27 x 106 =9.08 x 10°J
If power of heater = 800W

‘ _ energy _E _9.08x10°
then since P = e t= 5= " a00

t=1.135x 10%s = 19 min.

2em ¢. 1000 m?

(@) Volume = 1000 x 2 x 10 = 20m¢
Density, p = % = M = Vp =20 x 920

=1.84 x 10*kg

(b) Q=ml=1.84x10*x3.35 x 10°
- 6.16 x 10°J

(© P=2= 756-:20*:2; = 3.42 x 10°W
o 3.42 x 10°
(d) Power per m? = BT

=3.42 x 10> Wm=
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20

21

22

V, =500cm?
P, = 250kPa
T =300K
PW V1 — P2 VZ
T1 - TZ
250 x 500 _ P, x 500
300 350
_ 250 x 350 _
PQ_iSOO =292kPa

(@) PV =nRT
p_ NRT _ 5x831x293
v T 2
P = 6kPa

(b) If half of gas leaks, n = 2.5 mol

P = 3kPa
AL

A

v,=1?
P 2 Tookea
T,=300K 2=
P, = 150kPa

PV, PRV, 150 x 250 _ 100 x V,
T. T 300 250

1 2
Vo= 150 x 250 x 250
2 300 x 100

V, = 312.50m°

AL

V.=V
I =T
V.="nV
P, = 100kPa rar
=2
=1
P1V1=P2V2 1oo><\/=P2><1/2V
T, T, T 2T
2 x 100
P,= % = 400kPa

0(°C)
A
171
]
1
1
]
1
]
|
1
+ 1505 - |
0 X 1
1 ]
1] 1 1
T T 1
1 1 1
T 1 1
1 1 ]
+ + 1
1 1 ]
1] 1 1
-5+ i I
T T 1
1 1 ]
¥ f P 1(s)
15 165 200
(@) Ice melts when temperature is constant

(b)

()

(@

0°C. All melted at 165s.

Heat goes to increase PE not KE so
temperature remains constant.

() For last part of graph, water is heated
from 0 to 15°C in 30s
Q = mcAB = heat supplied
=0.25x 4200 x 156 =1.79 x 10*J

_Q_1.79x10
Power = T =T

=525W = 530W

(i) Time to heatice from-15t0 0°C =15s
Q = power x t =530 x 15 =7950J

Q = mcA6
—_ /950 _ 8 ko
C= 595 x 15 =2.1x 10°Jkg
(iii) Takes 150s to melt 0.25kg of ice
Heat given Q = 530 x 150 = 79500J
=mL

_ 79500 _ o
L=L2522 =382 x10°Jkg

When a liquid evaporates the molecules
with most energy escape from the surface,
resulting in a reduction in the average KE
and hence temperature. If heat is added
temperature will remain constant.




(b)

(c)

(b)

(c)

(d)

Blowing across the surface reduces
humidity of surrounding air; increased
temperature of liquid; increased surface
area of liquid

Heat lost when water turns into ice

| e [ ]

35049 -5°C
254C
86Js
=mcA® + mL + mcA®
water water—ice ice

0.35 x 4200 x 25 + 0.35 x 3.3 x 10°
+0.35x21x10°

=156000J

Power = %

_Q _ 156000

= 5= " a5 =1800s

In this context thermal energy is the internal
energy of the molecules of the runner.

This can be KE and PE. Increased thermal
energy will increase the average KE of the
molecules which increases the temperature,
in other words the runner becomes hot.

() Energy generated = power x time
=1200 x 3600 = 2.2 x 10°J
(i) Q=mcAob

_Q _ 22x10° _
“ mc _70x4200_7'5K

70kg

T

1200Js7" x 1800

Convection
Conduction
Radiation This is no longer on the syllabus.

(i) The molecules with greatest KE leave
the surface resulting in a decrease in
average KE and hence temperature.

5

(@

(b)

(©

(a)

(i) Total energy generated = 2.2 x 10°J
50% lost in evaporation = 1.1 x 10%J
This energy goes to latent heat of
vaporization Q = mL

_Q _ 1.1 x10°
m_L_2.26><1O6

(iii) Wind
Skin temperature
Humidity
Air temperature
Area of skin
Clothing

= 487¢

(i) Constant speed so resistive force =
component of mg acting down the

slope
5
g 15°
mg sin 15° =960 x 9.8 x 0.259
=2.4kN

(i) KE=3mv?=1 %960 x9?=39kJ
Work done = average force x distance
Work done against braking force

= loss of KE = 39kJ = average force x 15m

39000
15

Energy given to brakes = 39kJ

This causes the brakes to get hot so KE
lost = thermal energy gained = mcAT
Two brakes so total mass = 10.4kg
39000 = 10.4 x 900 x AT

AT =4.2K

This assumes no heat lost and all KE
converted to heat not sound.

average force = =2.6kN

(i) The molecules of an ideal gas are
considered to be small perfectly elastic
spheres moving in random motion with
no forces between them. Small and
elastic is mentioned in the question so
1. Motion is random
2. No forces between molecules

except when colliding



(ii) The molecules of an ideal gas have no
forces between them so changing their
position does not require work to be
done; gas molecules therefore have no
PE; this implies that the internal energy
of a gas is related to the average KE
of the molecules. If energy is added to
the gas, temperature increases so we
see that temperature is related to the
average KE.

(b) () Using PV =nRT
T=290K
P=4.8x 10°Pa
V=92x10"m?
n o PV _48x10°x9.2x 10"

T RT 8.3 x 290
=0.18 mol

(ii) If temperature constant P,V, =PV,
48x10°x9.2x 10" =P, x 2.3 x10™

P :(%)x4.8x105=19x105pa

2 2.3
(iii) If volume is constant - =2
T, T,
P, =19 x 10°Pa
T, =290K
P,="7
T,=420K
_ 5, 420 _ 6
P,=19 x10° x 290_2.8><1O Pa
() rPa
(b)(iii)
(9
(b)(ii) A
0 >
0 %

100 kPa
300k
4

100kPa
300k
v

When first filled and joined we can treat the two
flasks as one container. Applying the ideal gas
equation, PV =nRT, we get 100 x 2V =nR x 300
After one flask is heated we have to treat them
separately but since they are connected the
pressure is the same.

PV =n.R x 400

PV =n,R x 300

The total number of moles n is the same before
and after so

n=n, +n,

200V _ PV PV

substituting gives 200R ~ 2008+ 3008

2 _ (1 1
5_(400 * soo)P
P =114.3kPa




Chapter 4

1 (@) distance=2nmr=2rx5=31.4m
(b) displacement = 0m

(c) speed =2ms™’

. d 314

t_speed_72 =15.7s

_1_ 1 )
(d) f_T_15.7 6.4 x 10?Hz

() w=2nf=0.4rads™

f a :‘/72:032r:0.8ms-2

. 2 1 30000)2
2 Centripetal force = % _ 1000 x ()

50
= 1389N

3
im
0.2kg 50N

Maximum centripetal force = 50N = mTVZ

_ 50x 1
0.2
R

4
.

V2 =v=15.8ms"

Minimum speed when Zmv? = mgh,
S0 smv2 = mg(2r), v2 = 4gr

v=J4gr=J4x9.8x5=14ms"

-
e 2004

e
10ms!

(a) At the top some of the KE has turned to PE

GaininPE=mgh=02x%x9.8x2x0.5
=1.96J

KE at bottom = tmv? = J x 0.2 x 102
=10J

KE attop=10-1.96 =8.04J

V= /2KE _ f2 x8.04 _ Ims-
m 0.2
2

(b) «~__—

At the top T+mg:m7‘/

T:@—mg:(o-%zgz)—o.z «9.8

>
r

From Newton'’s universal law F = G%m
But the weight of an object = mg
GMm
r
GM

acceleration due to gravity, g = =

mg =

6.67 x 107" x 7.32 x 1022
(1.74 x 1097

forthe Moon g =
g=161ms?

1.89 x 107kg

>
71492km

Using the equation for gravitational field strength
of a spherical object g = GTZ’V’
_ 6.67 x 107" x 1.89 x 10"
(7.1492 x 107)

=24.7Nkg"
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11

12

5.97 x 10%kg

<«
6367 km
7367 km

Using the formula for the gravitational field due
to a spherical mass g = Gr—ZM where r = 7367 km

as shown
6.67 x 107" x 5.97 x 1024

9= (7.367 x 1097
g =7.34Nkg™"’
B
° 1000kg
>
m
< 6m >

Since both masses are on the same side of B
then the two fields are in the same direction.
The field vectors will therefore simply add.
Using the equation for the field due to a sphere

g-c

Field due to 1000kg = 2:67% 12*2” x 1000

= 6.67 x 108Nkg™

Field due to 100kg = 2:87.% 122’” x 100

= 0.018 x 108Nkg"
Total field = 6.67 + 0.018 = 6.69 x 10°Nkg"™

:
«——H—>

If masses are equal the fields will be equal and
opposite as shown.
Resultant field = ONkg™

Vo=9gh,=10x 14 = 140Jkg™
Vo=gh,=10x11=110Jkg"
Potential difference between C and D
=140-110 = 30Jkg™"

Work done fromDto C=AV xm =30 x 3
=90J

PE=mgh =3 x 10 x 8 =240J

14

15

16

A and E are at the same height so no potential
difference.

No work is done since there is no change in
potential.

3.8 x 10°m

>
3.7x10°m 0.1 x 10°m
M, = 6.0 x 10%kg @r—?ﬁ@ M =7.4x107kg
3 m

17

18

19

Earth Moon
(a) Potential at A = GrME + G:wm
E m
= 11 (6x10% | 7.4 x10%
= 6.67 x 10 (3_7X108 0.1“08)
=6.67 x 107" x (1.6 x 10" + 7.4 x 10"9)
=1.6MJkg™"

(b) PE of 2000kg rocket =v x m
=1.6 x 10% x 2000 = 3.1 x 10°J

(€) va

/\O

(d) Field strength zero when gradient =
Note: V is not zero here.

) Field strength
zero vvhen
gradient =

Note: V is not
zero here

mass = 7.4 x 10%kg
2GM

escape

2 x 6.67 x 107" x 7.4 x 10?2
1738 x 10°
=238 x 10° ms™

Hydrogen is a small atom so its mean velocity
would be much higher than air molecules; some
hydrogen atoms would be travelling faster than
the escape velocity.

To be black hole V____

_ [2GM
R

po = 3 x 108ms™

__2GM
(8 x 108)?
_2x6.67x10""x2x 10% _
- @ x 107 = 3km
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21

22

23

= % where R = distance from rocket

escape

to centre of Earth = (6400 + 100000)km

— [2x6.67x10" x6x10* _ 2o 74kmg

escape 1.064 x 108
radius/ | period | radius®/ period?
10'"°%km | days | (10'°%km)3 days?

5.79 88 194.104539 7744

10.8 2247 1259.712 50490.09

15 365.3 3375 133444.09

22.8 687 11852.352 471969

77.8 4330 470910.952 18748900

143 10700 2924207 114490000

288 30600 23887872 936360000

450 59800 91125000 3576040000
2 4000000000 -
;‘3 3500000000
-2 3000000000
2500000000
2000000000 -
1500000000 1
1000000000 A
500000000 1

0 . . :
20000000 | 60000000 | 100000000
~500000000 - 40000000 80000000

radius® (10'°%km?3)

This is plotted from the data in Chapter 12.
The scale is very big so the smaller numbers are
not visible.

Fora TV satellite T =1 day = 24 x 60 x 60
=86400s

, T2 _ 4Ap? s_ T2GM
From Kepler’s law ey ré = e
2 —11 24
_ 86400° x 6.67 x 10" x 6 x 10 —76x 1022

4m?
r=42x10'm~7R. Use logs to find

Orbit radius = 6400 + 400km = 6.8 x 10°m

T2 = réam® _ (6.8 x 109° x 4n?
GM  6.67 x 10" x 6 x 10*

T=5.57 x10°s = 1.5 hours

=3.1 x107

(@
(b)

(b)

(a

KE = MM _ 59« 1010y
2r

PE =S = _12x 10"
Total = KE + PE = -6.1 x 101

Velocity is a vector so as the direction of

the car changes, velocity must change.
Acceleration is the rate of change of velocity
so if velocity changes the car must accelerate.

(i) Weight and the normal force both act
downwards. Not centripetal force; this
is the resultant.

(iii) If no energy loss then loss of PE = gain
in KE.
mgAh = Imv?
= 10 x (0.8 -0.35) = 712
=v=/9=38ms"

(iv) We know that if moving in a circle
= mv?

p
 0.05x 3
=F="0352

Now this force is caused by normal
force and weight

=26=N+W
where W =0.5N N
s02.6=N+0.5
N=26-05=21N

Coefficient of friction is defined by the

equation F = pR so p is the ratio of
friction force
normal reaction force 3




(b) (i) Since the person is not moving relative
to the wall, the friction would be static
friction.

(i) friction

i

(normal) reaction

v

weight

(c) (i) The minimum speed is such that friction

= weight

mg = uR

SoR="9 - 80 x 19 — 2000N
n 0.4

(ii) The body is moving in a circle so the

unbalanced force = centripetal force
R=mv

r
V:\/E: 2OOOX6:12mS_1
m 80

3 (a) Gravitational potential is the amount of work
done per unit mass in taking a small test
mass from infinity (a place of zero potential)
to the point in question.

(b) (i) Iffield strength = 0 then field strength
of planet is equal and opposite to field
strength of moon.

. lanet
plane 08 0.2 o MOON
r

0 02 04 06 08 10

Note: field strength = 0 when gradient = 0
GM, GM_ M lre _ 0.8 _

=B =2Fr =16

re r: M_ "~ r: 022
p m m m

(i) As satellite travels from planet its
KE — PE

V(107 Jkg)

To reach the moon it must have enough
KE so that it reaches the position of
zero field, a distance r = 0.8 from the
planet. From here to the moon it will be
attracted by the moon’s field

Loss of KE = gain in PE

If final KE = 0 then loss = 3mv?

Gain in PE = change from planet to 0.8
from planet from the graph

AV =44 x 107

S0 APE = 4.4 x 107 x 1500

=6.6 x 10'°J

Original KE = 6.6 x 10'°J

R(10°m) 42
0 5 10 15 20 25 30 35 4.0l 45 50

(@ () Vatsurface =-6.3 x 10"Jkg”’
(i) Height 3.6 x 10’m =36 x 10°m
SoR=(36+6)x 10°m
R =42 x10°m
So from graph V =-1.0 x 10" Jkg"™

(b) As satellite leaves the Earth, KE — PE so if
final KE = 0 then original KE = gain in PE
From the graph AV = (6.3 - 1) x 10" Jkg™'
=5.83 x 10"Jkg™
SOAPE=1x10*x5.83x10"=5.3x 10"J
So minimum KE = 5.3 x 10'"J

(c) The rocket doesn’t stop when it reaches the
orbit; it must have enough velocity to stay in
orbit
mv? _ GM,,

r r?
During the early stages, whilst the rocket is
in the atmosphere, energy is lost due to air
resistance.




5

6

(@

(b)

(©

(@

The force is directed towards the centre so
is perpendicular to the direction of motion.
Work done is the force x distance moved

in the direction of the motion which is zero
since there is no motion towards the centre.

Alternatively one could argue that since the
speed and distance to centre are constant
there is no change in either KE or PE therefore
no exchange of energy so no work done.

(i) The centripetal force is provided by
gravitational attraction between the

masses so
mv? _ GMm
r r
vV = G7m
r
(ii) Total energy = KE + PE
12— 1.y GM GMm
KE = smv?=sm — o

PE = =S

Total energy = Ggﬂrm _ —G/r\//m _ —Gé\rdm

The total energy is zl\fm so if ris increased
total energy becomes less negative i.e.
bigger. If the energy has increased then
work has been done. To do this the engines
must be fired in the direction of motion so

rocket moves in the direction of the force.

@

I
; vertical
I
I
tension |
I
e
weight r=10.33m

(ii) The ball is not in equilibrium since
it is not at rest or travelling at
constant velocity. The
forces are therefore not
balanced as can be shown
by adding together the

forces on the diagram. resultant

(b) Mass is travelling in a circle so centripetal
force = horizontal component of tension

2
mTV = Tsin®
Since no vertical acceleration weight =
vertical component of tension
mg = Tcoso
viding g _v
Dividing gives tanf = o

v=[grxtan® = [9.8 x 0.33 x tan30°
=1.4ms™

On the flat track
50m

2,
P |
mg
R=mgsoR=10000N

uR =0.8 x 10000 = 82000N
Circular motion so - = uR

o _ WRr _ 50 _

Ve = = _8OOOX1OOO_4OO
v=20ms" =72kmh!

On a banked track

50m

UR
mg

45°

Notice the friction is acting down the slope
since the force on the car is acting upwards.
Vertical components:
R cos45° =mg + uR sin45°
(cos45° — u sin45°)
_ 10000
(cos45° - 0.8 sin45°)

Horizontal components:
mTVz =R sin45° + uR cos45°
v2 = R(sin45° + 0.8 cos45°) x
v=67ms" =241kmh"

=7.1x10*N

r
m



(@)  acceleration is constant here so not
simple harmonic motion

/

(b) v

w

U is proportional to weight of fluid
displaced; this is proportional to the
distance the rod is pushed under the water
so this is simple harmonic motion.

(c) The tennis ball does not have an
acceleration and displacement so this is
not simple harmonic motion.

(d) A bouncing ball has constant acceleration
(9) except when bouncing so this is not
simple harmonic motion.

(@) Frequency, f = number of swings per second
20 swings in 12 s (assuming complete

swings)
20 _
15 = 1.67Hz

(b) Angular frequency, ® = 2rnf = 10.49 rads/s

VA
NiskrEsl

If released from the top then x = x cosm t
After 1.55s
x=3.0xcos(2n x 0.2 x 1.55) =-1.1cm

5

5s time
B B

If time period = 10s
_1_
then f = 10_O.1Hz

Sow=2nf=0.1x2r=0.2%

Using the equation for simple harmonic motion
X =X, COs wt

We want to know what the time is when x = 1m
1 = 2c0s(0.2nt)

0.5 = cos(0.2nt)

So cos™ (0.5) = 0.2nt = 1.047

1.047
=——— =167
t 050 67s
v
1]
P +0.5ms

- ik
55 1\/.55

From the equation for simple harmonic motion
v=-vssinmt

v, = the maximum velocity

We can see from the graph that 0.5s after
travelling upwards at 0.5ms™, the mass will
have a velocity of 0.5ms™" downwards.

—0.5ms™'
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ft:Ss

o

<—>!
2m
(@ Maximum velocity = wx,
= 2nf X,
=21 X % x 2
=2.5ms™
(b) Maximum acceleration = w?x,
= (%n)z X 2
=3.16ms?

f=2Hz

fi
"

Using the equation

V= ofxZ X
=27 X 2\/0.052 -0.012
= 41,/0.0024

=0.62ms™

As it passes through the equilibrium position its
velocity is maximum so use
Vmax = ('OXO

_ 1 _ —1
=2n X 7 XX, =1ms

_2 _1_
XO_QTE_n 0.32m

m =0.1kg
X, =0.04m
f=15Hz

(@ w=2nf=3nrads™

11

12

13

14

15

(b) maximum KE = § mm>3x 2
=1 x0.1 x (3m x 0.04
=7.1x10%J

(c) maximum PE = maximum KE = 7.1 x 10°3J
(d) KE=3mae?(x2-x?)
=1 x 0.1 x (3n)? (0.042- 0.029)
=5.3x10°J
(e) Atany giveninstant, PE + KE=7.1 x 10°J
SOPE=7.1x10%-53x10°J
=1.8x10°J

P R
T~ (30 x 60)

v=FfA=56x 10 x 500 x 10° = 280ms™’
(a) v

_
0.4m

=5.6x 10%*Hz

<>
0.2m

v =f\ SO A is proportional to v

MoV _h_04_
T, —ZSOKQ—E— 5 =0.2m

(b) Inverted since after knot medium is more
dense

(c) Because some of the energy is in the
reflected wave

v=rFA

-1 -
f= 05 =2Hz

A=0.6m
v=2x06=12ms"

(@) M=1.2x10°kgm™" T=40N

| T _ 40 _ 1
V‘ﬁ%—JTEIﬁﬁ‘*826mS

(b) L =63.5cm
A=2L=127cm=1.27Tm

B _ v _ 1826 _
V=fh=f= =252 =1438Hz

~
~

noo2/u
A =2l
-3
u=1.2x%=0.6x10*3kgm*‘

T=12x4?xu=500%x%x4x03x0.6x 107
= 54N
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17

18

/,=80cm

wave slows so
refracts towards
normal

i, =24°

0.3ms™!

0.4ms™’

shallow

wave speeds up so
refracts away from
normal

sini, v, 03

sini, v, 0.5

©
on

sini, = sin20° x
i, =35°

o
w

19 6cm
6.2¢cm
B

(@) A=2cm
path difference = 6.2 -6 =0.2cm

_ path difference _ 02
phase angle = A X 21 = 50
1 T
=70 %%" =5
path difference _8-7_1
(b) B w— X 2T = 5 2><2n T
(©) path difference X O = 11.5-10
A 2
1 1.5 3
-5 X 2T = En
These answers are incorrect in some editions.
20 !
A=4x50=200cm 50cm
y
v="_FA
f: % = w = 170 HZ
21

(a) First harmonic when/, = I\

v _ 340 _
A= 7= 2—56—1.328m

I, =33.2cm



(b) Second harmonic when /, = %X =99.6cm
Third harmonic when /, = A = 166.0cm
The third harmonic won'’t be heard.

” :

30ms™!

eeek (1000 Hz)
40ms™!

(a) Would hear lower note on the way down
and higher note on the way up.

(b) Maximum on the way up
_ Cfy _ 340x 1000 _
f, = v = 3-89 " 1097 Hz
(c) Minimum on the way down
_ cf, 330 x 1000 _
= oy sa0e40 - oo0H2
(d) Would hear higher note on the way down

and lower note on the way up.

23
500 Hz

i

Frequency increases when plane approaches

_C><7‘O

T c-v

If frequency received = 20000 Hz = 320 500

340 -y = 340x 500 _ g .\, _ a4 3450—\/
~V="p0000 T o0V =340-8

v =331.5ms"

24 f,=300Hz
O) c 20ms™' Q

If moving towards source

Cc+V 340 + 20
f, = xf, = 320 x 300
f,=317.6Hz

25

26

27

sin/
sinr
= 1.33 (from table)
sin40°

Using Snell’'s law = refractive index
sin40°
sinr

sinr =

=0.48

1.33
r=29°
Remember to change your calculator to
degrees.

air

diamond

sinj

Using Snell’s law =— = refractive index
in40° sinr

Slﬂl — 249
sinr
. sin40°

sinr= 5 = 0.266

r=15°

air + l3x108m/s
glass * lc
9

Refractive index when light travels from

medium 1 — medium 2
_ Velocity in medium 1
velocity in medium 2

1.5O:3x108
C
)
3
c =3x10° _ o 10ems
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29

water f71
air - n,
sini, _n,
sini, — n,
sin30° _ _ 1
sini, 1.33
sini, = sin30° x 1.33
l,=42°
air plastic
20°
30°
n =1 )
sini, _n,
sini, — n,
sin30°
n,= . =14
2 sin20° 6

Now surrounded by water:

water plastic
/Z
30°
n,=133 n,
sinf, _n,
sini,  n,
= =27°

sinj, = sin30° x
I,=27°

30

31

32

33

70°

@ S0~ 15; sine, =070 6 ~38.6°
1 .

(b) 6,+6,=90° 6,=90-38.8=51.2°
(c) sinc= ;— = C = sin™ (%) =41.8°

(d) Ray will be totally internally reflected
(e) tan38.8 = %; D = 62.2um

< D »
38.8°
50pm
0
0.05mm¢’_| 0 y
) 5m g
A =550nm
_A_ 550x10° _
0= b= 0.05x10% =0.011 rad

29:%20.022=>y20.022><5:O.1‘|m

]
=

4m

20 = % - 0.0125

6 =0.00625

A h_ 550x10°
0= =b%="000625
b =8.8x 10°m = 88um

[«n}

5cm
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35

36

37

38

The angle 6 between the two diffraction
patterns can be found using

g 1.22\ _ 1.22x 570 x 10°

=1.74 x 10 rad

b

The angle subtended by the stars 6 =

4 x 107

_ X
4 x 10"

X=174x10°x4x10” =7 x10"m

Angle subtended at camera

g 1x10°
200 x 10°

=5x10%rad

Diffracting angle 6 =

_ 1.22x 600 x 10°
h 5x 108

1.220
b

=14.6m

5mm

A =600nm

: . 1220 _ 1.22 x 600 x 10°°
Diffracting angle 6 = 5 = Ex 107
=1.5x 10*rad
Angle subtended at eye by pixels,

0 =291 _ 110+ rad

1

The angle subtended is less than 1.5 x 10 so
you will not be able to resolve them.

d=0.01x10°m

A =600x 10°m

D=15m

=MD _ 600x10°x1.5
~d 001x10°

d=0.01x103m

A =400 x 10°m

D=15m

b MD _ 400 x10°x 15
d 0.01 x 107

(a) 300 lines/mm
separation of lines = 31@ =3.3x10°mm

(b) dsin6=nA, n=1

Coa A
sme_d_
0=12.24°

700 x 10°°
3.3 x

10°

=9cm

=6cm

=3.3 um

=0.212

39

41

42

43

44

45

Al =589.6 - 589 = 0.6nm

R=M _ mN; m =1 (the order)
AL

589
N= 06

Constructive when 2t = (m + 2)A
minimum whenm =0 = 2t = 1A
t= 17» = ><600>< 10°m = 150nm

= 0982 lines

Destructive interference t = %
t _M =95nm

(@) Water has lower refractive index so no
phase change.

Qil n=15
Water n=13

(b) & = ter — 880 _ 387nm
oil n

() 2t=(m + 5)7» for constructive interference
minimum when m = 0; 2t = JA = t = 1A
t=1x387=97nm

Since the change at both boundaries is from
less dense — more dense
= no phase change on reflection

=t= & for destructive interference.

580 = 414nm; t= 44 = 104nm

‘coating

(0

6 3x 10ms?  Ao=650nm

f, =dh
= 4615 x 101 Hz
F, =+ =4.348 x 10""Hz
1
Af=(4.615 - 4.348) x 10 = 2,67 x 10"°Hz
_v _cx267x10" _
=chi=v="2gagx 0% - 006
/O
2x10°ms!
658nm

A\ = 2§1O x 658 = 4.38nm




46

60°

At first polarizer intensity transmitted

/
=50% of || = EO
At second polarizer intensity transmitted
= /,cos*0
but light incident on the second polarizer
= %0 so light transmitted = % x c0s? 60°

B R R}
“2%17 8
A
wavelength
>
€ 2
E =
£ §
% >
z
5

distance / m

Note: the graph in some editions of the book
is not the same as the original, which was
much easier.

(@ Sound is a longitudinal wave. You may be
confused by the graph which looks transverse
but remember this is a graph not the wave.

(b) (i) Wavelength = 0.5mm
(i) Amplitude = 0.5mm
(iii) Speed = 330ms™

(a) A ray shows the direction of a wave and
a wavefront is a line joining points that

are in phase. A ray is perpendicular to
a wavefront.

(b) (i) The line should be parallel to D.

(ii) We can see that the wavelength gets
shorter = velocity is less in medium R.

A C E

medium |

S medium R

Could also tell from the way the wave
bends. Va0
Ratio = 7; = ﬁ =20
(c) (i) The sign of velocity changes =
direction changes = body is oscillating.
v(ms™)
6_\

> t(ms)

(i) Time period =3ms

F=1l-_1__330H;

T ~ 0.003

(iii) Maximum displacement is when
velocity is zero — think of a pendulum; it
stops at the top.

(iv) To find area either count squares or
make a triangle that is a bit higher than
the top.

Squares are rather small so | prefer to
calculate £ x 7 x 0.0015 = 5.25mm

7ms

>
1.5ms

(v) Area under v—t graph is displacement.

7
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In this case it is displacement between
two times when velocity = zero
i.e. 2 x amplitude.

© ©O

—

(@) (i) The speed of a wave is the distance
travelled by the wave profile per
unit time.

d

>

So if wave progressed distance d in

time t, v=%

(i) Velocity = %eement where

displacement is the distance moved
in a certain direction. However light
spreads out in all directions.

(b) (i) Displacement is how far a point on a

wave is moved from its original position.

For example on a water wave how far
up or down a point is relative to the
original flat surface of the water.

VN
NS

In a longitudinal wave, e€.g. a wave in
a slinky spring, the displacement is in
the same direction as the wave but
in a transverse wave, e.g. water, the
displacement is perpendicular to the
direction.

displacement displacement

———> 43—»
direction direction

longitudinal transverse

1200

(c) (i) From gradient Vo= 25 = 9.6kms™
(i) v, = % - 5.8kms"
(d) @) p S

WMWH

P wave is fastest so gets to the
detector first.

(ii) L, is closest because the signal arrives
first.

(iii) 1. First pulse arrives first.
2. Separation of pulses is shorter.
3. Amplitude of pulses is bigger.

(iv) Measure on the graph where the
horizontal distance between the lines is
68s, 42s and 27 s (approximately)

3

(
~ 0
Y

ow

earthquake
x <

~ 1060km, 650km, 420km

L, L, L,
Closest to L, furthest from L,
e (i) “ ,anlk‘lll antinode
JACINCT
]
:l l node

antinode

|

|
Jin
L

(i) If the standing wave is as shown then
wavelength = 2 x height of building

A=2x280=560m
_ _ v _ 3400
v_ﬁ»sof_}b_—%o

= 6.1Hz (about 6Hz)
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So if the earthquake has a frequency of

6 Hz, the building will be forced to vibrate
at its own natural frequency so will have a
large amplitude vibration (resonance).

(a) Superposition is what happens when
two waves coincide: the displacements
of waves add vectorially to produce a
resultant wave.

(b)

wave X

wave Y

If X'and Y are added they give the resultant.
(c) () Two sources are said to be coherent if
they have the same frequency, similar
amplitude and a constant phase

difference.

(ii) To get interference the light from S, and
S, must overlap; this only happens if
the light is diffracted which means the
slits must be narrow.

(d) (i) For maximum intensity the path
difference = n\ where n is a whole
number.

(i)
/ maximum at P and O;
question states no
other maximum between
Pand0
0 FI’ distance

0.25mm

(@)

(b)

()

(d)

(e)

Since angle 6 is
_ A _025 _3x0.25
®=3 =500 = *= 1500

=500um

Note: You probably don’t need to do part e
in the core; this is now only part of the EM
option.

(i (ii)

direction of wave

=5x10"*mm

longitudinal

direction of wave
transverse

In % the wave progresses 1 cycle is T

A

< >
<t -

N

Wave moves left so trough is about to
reach M.

() A=5.0cm; v=10ms™"'

_ v _10_
v—fk=>f_x_ 5 =2.0Hz

(i) In 17 wave moves 1A =1 x 5.0
=1.25cm

When two waves coincide the resultant

displacement at any point is equal to the

vector sum of the individual displacements.

e e W

If waves that have the same frequency
and a constant phase overlap then, due
to superposition, they will add or cancel
out. This is called interference.

(i) If the path difference = nA then there
will be constructive interference. n is an
integer.

(ii) Since angles are small 6 = %



(iii) Again small angles so ¢ = %

® () 6=27x103rad
d=1.4mm

0= % where S X = 8\
-3 -3
sok:%: 1.4 x10 22.7><1O
=473nm
(ii) From geometry:
0=0=27x 10°rad
D=1.5m

o= g =y =¢xD=4mm

spacing = % =0.5mm

(b) Intime t distance moved by source = vt
distance moved by sound = Vt
So all waves produced in time t are
squashed into a distance Vit — vt ahead of
the source, so number of complete cycles
produced = f.t

vt pgrr=Y

S04 = ft A

_V_ V x fO
so apparent frequency f, = T Vv
A bit confusing using V and v.
(c) Using the formula AL = %7»
_ %
0.004 = FIET 600
v

= 0.004 8 — Smg-
V=55 x8x10°=2x10°ms

=2kms™

7

8

@ (@ (ii)

A N

(b) (i) Frequency of 1st pipe = 512Hz
Wavelength of wave = £ = 322

f - 512
=63.5¢cm
pipe is $A so length = 6:;—5 =31.7cm

(i) The length of a closed pipe is shorter
than an open one of the same
frequency so if the organ pipes are
closed they take up less space.

(@) (i) When light passes through the aperture
of the lens it will be diffracted (spread
out).

(ii)

A circular opening leads to a circular
diffraction pattern, as shown.

(b)

(i) angleis small so

4 x10°% _ 4
_717X1075_2.4><10 rad

(i) If
_1.22 x 550 x 10°
SOa= 2.4 x 10

o= % then resolved.

=2.8mm



10cm(h)

wh i
W

When floating the forces are balanced

F.=W

F, = buoyant force = weight of fluid displaced =
hAp,9

W =mg =hAp,9

When pushed down there is extra buoyant force
=XAp, 9

Resultant upward force = -xAp,_ g (if x taken to
be in the positive direction this is -)

acceleration = 'X’inﬂ

but m = hAp,, (from the condition of equilibrium)

— —XApr
a= hAp,,

=i

This implies simple harmonic motion so
a=-w, SO m? = %

QZA%L:J§

T h
A
T=2nL7=Oﬁs
g

Equation of a wave = A sin(mt - ZT“X)

This wave travels from left to right, since points
to the right of the origin lag behind the origin.
Equation of a wave travelling from right to left

. 2
=A sm(oot + T”X)
If these waves superpose the resultant
displacement is given by

A sin(o)t - QT“:X) + Asin(mt + QT“:X)

But sina + sinb = 2sin azb)cos(a;b)
(t

displacement = 2A sin ((%t - 22—“{) St 22—72())
cos (5= ) (5 + 55

y = 2A sin (of) cos (QT’IX) since cos(-a) = cos(a)

This displacement is zero when cos (2T“X) =0

which is when QT“X = g % etc.

so when x = % % etc.

These points are separated by %

11



Chapter 6

1 E=40NC"
g=5x10°C
F=EqQq=40x5x10%=2x 10*N

2 F=3x10°N
g=-15x10%C

_F_ _3x10° _ =
E_q T 1.5x10° = 20NC

(direction is south, opposite to force since
charge is negative)

3 a=100ms?
g=-1.6x10"°C
m=9.1 x 10°"kg
F=ma=9.1x10%N

102°

W =57 x 1071ON071

E=F_91x
q

2uc

(a) Using the equation for electrical field
strength of a sphere
kQ
E = 7

E=9 X(lggxﬂzoz)jo'e = 1.8 x 10NC"

(b) 10cm from the sphere r = 20cm
E=4.5x10°NC™
(c) Using the equation E = g = F=Eqg
SoF=0.1x10%x4.5x10°
=4.5x 10°N

(d) Relative permittivity = ei =4.5s0¢€=4.5¢,
0

F is proportional to %

If sphere is surrounded by concrete

— Fa\r — 0045 —
F= 457 45 0.0TN

0.2uC

@

m=0.01kg 0.5N/C

(@) From definition of £, £ = g - F=Eq

so F=0.5x0.2uC=0.1uN
(b) From Newton'’s second law F = ma

_F _01x10° _ 5 0
a_m_iom =1x10°ms=?in the

direction of the field.
0.2m

\ 4

®

kQ _ 9x10°x50x10°
ro- 0.2

0.4 m from the sphere V =

=2.25 x 10%v
9 x 10°x 50 x 10
0.4

=113 x 100V
potential difference = (2.25 - 1.13) x 10°
=1.13 x 10°V

vV =

(@) Q, is negative since the potential near it is
negative.

(b) A positive charge would move to a position
of lower potential, i.e. towards Q,

1



10

11

12

13

14

15

Field strength is greatest where the potential

gradient is greatest (equipotential closest) so

position F

(@ A-C—|0--20 =20V

(b) C-E—|-20--10| =10V

(c) B-E—|-10--10] =0V

(@ C—oA AV=20V, work=AVg=20x 2
=40J

(b) E—C; AV=-10V: work=AVg =-10x 2
=-20J

(c) B—>E, AV=0V, work=0J

each-smallsguare = 0-1m

Field strength = AV
Ax

The potential difference across D = 10V (using
the two nearest lines)

Distance between lines = 0.2m
_ 10 _ 1
E= 05 = 50Vm
Only an estimate since field not uniform

At point A potential = 0V =V, + V,

_kQ,  KQ, _ o[1x10° , Q
0= T =9x10° [1X 0 + %
Q =15 w1 x10°=-3nC
>~ 05

(@ E—A; AV=10V; work done =-10eV
(b) C—>F, AV=50V; work done =-50eV
(c) A= C; AV=-20V; work done =20eV
V,=1V

V,=3V

potential difference = 2V

16

17

18

19

20

21
22
23

24

25

26

Vy=5V
V,=0V
potential difference = 5V

PE=V,g=5x3=15J

Change in potential fromC - B =5-3 =2V
Work done=AVxg=2x2=4J

Veg=5-1=4V
Work done=AVxqg=4x-2=-8J

(@) It would accelerate downwards.

(b) gainin KE =lossin PE=AV x g
=4x3
=12J

Vig=5-1=4Vgainin KE = 4eV
Vi, =3-0=3V WD moving electron = 3eV

_M _-M
(@ p= VSO\/— 5

0.0635 _ s
8960 =71x10°m
(b) 1 mole contains 6 x 10?° molecules
; _ 6x10%
atoms per unit volume = 2 1% 10%

=8.5x 10®m®
one electron per atom so electrons per unit

volume, n = 8.5 x 10#m=

© I=nAve=v=—_

nAe
A =mr?
_ 1
VS BB x10%xnx (05 x 10 x16x1079
=9.4 x 10°ms™
_pL
R A
- pL _ 6y 2 _ 72
A 5 1.1 x10 ><5 4 x10"m

A=nr r=|A=37x10*m
T \/: X

So diameter = 3.7 x 10“*m

2000

7% 0.1x 107 = 1080

Rz%z1.7x10f8x

9V

D S—

e B S

3mA R

Using Ohm’s law

V=IR
=V__9
f= I 3x10%
=3 x 10° = 3kQ



27

28

29

30

4

<>

— 1+

THA 300kQ

Using Ohm'’s law
V=IR
V=1x10°%x 300 x 10°
=300 x 10°°
=0.3V
12V

<>

— 1+

! 600Q

Using Ohm’s law

V=IR
oV _ 12
R 600
[=0.02 =20mA
Using Ohm’s law
V=IR
_V
f= /
V (V) I (MA) V/I kQ

1.0 0.01 100
10.0 0.10 100
25.0 1.00 25

6V

Using Ohm’s law V = IR
pd across 11Q resistor =0.5 x 11 =55V
This means pd across R = 0.5V

0.5V

— T+

R 0.5A

Using Ohm’s law again R = TV =1Q

31

32

33

34

12V

Total resistance in the circuit = 24 Q
Using Ohm’s law V = IR

_v_12 _
I= =54 " 0.5A
Using Ohm’s law again the pd across the 23 Q
resistor =/IR=0.5x 23 =11.5V

20Q

—

5A

(@) Energy per second is power. Using the
equation P = I’R
P=52%x20=25x%x20
P =500W
Therefore 5004J is converted in 1 second.
(b) In 1 minute, 500 x 60 = 3 x 10*J will be
released.

—L

0.25A

—

05Q

Using P = I’R
The power dissipated in the internal resistance
=0.252x 0.5 =0.031W

9V

Power delivered by battery = IV
=9x05=45W

If 4W are dissipated in the external resistance
0.5W must be dissipated in the internal
resistance.



35

36

37

38

39

30m/s

1000kg

(@) KE=1mv2
= 1 x 1000 x 307
= 450k

(b) Ignoring friction etc. the power of the car
_ energy gained _ 450000 _ 37 5KW
energy taken 12
(c) UsingP =1V
37500 =/ x 300
/=125A

No energy is lost, no heat produced, motor is
100% efficient, no friction

100W

_®_

>
220V

(@) UsingP =1V

=P _100_
I=1 =555 = 045A

(b) If 20% of 100W is converted to light,

20 _
100 x 100 = 20W are converted.

That’s 20J per second.

(@) UsingP =1V
£ _ 1000
=V =250 - HOA
(b) If the power is 1 kW then the heater
releases 1000J per second. In 5 hours,
5x 60 x 60 x 1000 =1.8 x 107J are
released.

16 Q

—L
—L

8Q

These resistors are in parallel so: Lo

s
R "R
T 1
111 .2
67816 16
3

D[~

. 16
_16
T Q

Byl

T

40

41

42

43

8 Q 8 Q

-1 1

The top two and the bottom two are in series so
they simply add.
This circuit can then be simplified:

16 Q

—
—

14 Q 2Q

16 Q

Two equal resistors in parallel have a combined
resistance of % of one of them so:
R 8Q

total —

4Q 8 Q 16 Q
— — — —
These are in series so the resistances simply
add
R.=4+8+16=28Q

/ / /

i L, L,
These 3 are in parallel so E "R + R, + =)
S B B |
"6 84
1,2 4_7
"6 716 "16 16
16
18V
II
10Q 2Q
1 I 1
N
W
Total resistance = 12Q
so using Ohm’s law [ = % = % =0.5A

0.5A flows through the 10Q resistor so
V=IR=05x%x10=5V



44

45

46

The two 2 Q resistors are in series so add up to
give 4Q. This combination is in parallel with the
4 Q resistor so the total resistance = 2Q.

Using Ohm'’s law for the whole circuit

_v_6_
/_R_Z_SA

The pd across the two 2 Q resistors = 6V. This
will be dropped equally across them so pd
across each = 3V

6V
1

|\

4Q
1
| M|

20 20
—] O —
The pd across the 4 Q resistor is the same as
the battery, 6V.
The pd across the two 2 Q resistors is also 6V.
They are in series so total resistance = 4 Q

- , _V_6_
Using Ohm’s law | = E=12 =15A

®

The voltmeter reads the pd across the battery
=6V
The resistors are in parallel so total resistance
=2Q

. , V _ 6
Using Ohm’s law | = R=5 = 3A

47

48

49

2kQ

Without meter pd = 3V
Resistance of 1kQ plus meter

é:}Jr%:%:R:%:o.@?kg
Total resistance = 1.67 kQ
Current in whole circuit
V %
Tl v 1_%7 x 10° = 3.6mMA
pd across meter = /R = 3.6 x 10° x 0.67 x 10°
=24V

Difference =3-2.4 =0.6V

% difference = (Osi) x 100% = 20%

6V
f
I

|
|
05Q

2Q 1Q
i

Without meter R = 3Q
_V_6_

/= RE=3° 2A

With meter R = 3.5Q

_ 6 _
/= 35 = 1.7A
Difference = 0.3A

% difference = (%) « 100% = 15%

2Q 12V
[ I h
1

I A B
12 1Q 6V
— |
1Q
1
—_

Kirchhoff’s first law

L+1,=1 (1)

Kirchhoff’s second law to outer loop
12=21+1 (2



Inner loop

6=1+1 (3

Need to find / so substitute for /, in (3)
6=0-1)+1=21-1

multiply by 2; 12 =4/ -2/,
addthisto (2) (12=1+2/);

24 =5/
| =4.8A
soV,,=1x48=48V
Check: 51
12 —
=120 -36A
l,=48-36=12A
Fill in all the unknowns to see if consistent:
7.2V 12V
—{Za —{——
3.6A
A B
1.2A 19V 6V
—{Ta —{——
4.8V
182
50
52

Assume meters are all ideal.
First find total resistance.

Total for parallel combination at the bottom left

1,1 -
§—2+2—1,SOR—TQ

Add the series resistors R
R. . =2+1+2+1=6Q

total

Total emf =18V

Current = % =3A

Ammeter reading = 3A

pd across parallel combination =1 x 3 =3V
Current through top branch = %A

pd across 1Q resistor = % x1=15V

Voltmeter reading = 1.5V

Fill out the rest to make sure consistent:

6V

12V 6V
— 0 +—{—

1.5V
L[TQ
3V 1A 6V
(701 (70—
2kQ
| S
1kQ
I 1V
II
ination L = 1 4 1 _
Total of parallel combination E=5t05" 2.5,
so R =0.4kQ
Rtotal = ngQ
% 1
Current = E= 500 = 1.11mA
pd across 0.4kQ =1.11 x 10° x 0.4 x 10°
=0.44V
Or
__hR _04 _
VO_R1+Rz xV = 09 x 1 =0.44V

Resistance of nichrome = %
=1.5x10° x 1 x (.06 x 109 = 1910
Length divided by 2 gives:

1 MQ

10002 1430 — 430 I

|I1V
Il

Ignore the 1 MQ as it will draw hardly any

current.
Total resistance = 291 Q
_Vv_ 1 _
current [ = 7 = 597 =3.44mA

V., =1R=3844x10°x 143 = 0.49V



53 %

X <—field into page
(vertically down)
X X
NT 0.5m 2A
X X

x U x

20T

(a) Using the formula F = BIL
F=20x10%%x2x 0.5
F=2x10°N

(b) thuMb

seCond (north—south)  First (vertically downwards)

Using Fleming’s left hand rule, force is to

the east
54 wire with current
/ out of page (up)
B=10uT
| =0.5A
L=1m

(a) Using formula F = BIL
F=10x10%x0.5x1m
F=5x10°N

First (directed north)

(b)

thuMb seCond (upwards)

Using Fleming’s left hand rule (probably best
using your own ©), force is west

55 Use Fleming’s left hand rule:

(a) ' (b) x

B X
_

X

X

56 F=Bqgv=5x10°x1.6x 107" x 500
=4 x 107"°N

500V

(@ KE= VC/=5OO><1.6><10’19=8><10’17J
(b) KE=1 mv2

2x8x 107"
9.1 x 10

(c) Moving in a circle so

jZKE =1.3x10"ms™

- m
Bqv = p
mv
qr
_91x10°% x 1.3 x 10’
1.6x 107" x 0.1
=7.4x10%T

58

F=Bqgvsing
=5x10°x 1.6 x 107" x 100 x sin30°
=4 x 10°°N

59 B=50uT

X X X X
20cm

X X X X
20ms™!
(@ emf=BLv
=50x10%x 0.2 x 20
=2x 10V
(b) Using Ohm’s law 2 %

1
j- Vv _2x10* |

R 2 '
=1x10%A




60

61

(c) Power dissipated = /2R = (1 x 1042 x 2
=2 x 10°8W(J/s)

(d) Work done = energy dissipated = 2 x 108J

(e) Velocity of wire = 20ms™ so moves 20m in
1s.
() Work done = F x d
work  2x10%8 -1 x 10°N

~ distance = 20
(Since velocity is constant the forces are
balanced.)

(a) Flux enclosed by each coil=A x B
=2x10%x100x 10%=2x108Tm?
Since there are 50 turns, total flux
=B0x2x10%=1x10°Tm?

(b) If flux density changed to 50uT then flux
enclosed = 0.5 x 10°uTm?

Rate of change of flux = % - 10 5 05
=0.25uTm?s™

(c) Induced emf = rate of change of flux
=0.25nV

(a) Flux enclosed = BAN
=500 x 10° x 0.02 x 0.03 x 50
=1.5x10°Tm?

62

63

64

65
66

(b) Component of field perpendicular to plane
of coil = Bcos 30°
Flux enclosed = BAN cos30°
=1.3x 10°%Tm?
AB

(c) emf = rate of change of flux = N3

=(1'5‘1§’)me5=0.67pv
/rmsz%:/ozlrmsxﬁ
I,=110 x 2 =156V
V. =220V, P=V__ =4000W

r rms rms
4000
rms = 220 = 18A

A=5x10"m?

B=50mT

500 turns

(@ (i) 50revs' =50x2nrads™
=100r rads™
(ii) e, =BANw=3.9V

3.9
(iii) e, .= L = 2.8V

(b) } the angular velocity so } the g = 1.4V

— Vrm32 — Vrms2 j— 2002 —
P_?:H-?_—P = 2000 =48.4Q
Vv =220V
V =45V

N %
= B SR o}
(@ IfN =500, NV
500 _ 220
N, ~ 45
_ 500x4.5
N, = o5 = 10.3 turns (10)

(b) P=IV=045x%x45=2W
(c) If 100% efficient
power in = power out
V=1V,
/p x220=0.45x%x4.5
/p =9.2mA
(d) If charger not charging then no power
out, which implies no power in, SO No
current flows.
This is for a 100% ideal transformer.



67

68

69

70

7

Power

station
4 [ ]

500 MW

Sokv

Transformer

8Q

To0kV

Transformer

220V |

) ¢
Town

(@ 500MW at 100KV; P =V
P 500 x 108

T V7100 x 10°
(b) Power loss = /2R = (5 x 10%? x R = 200MW

© 29 . 100% = 40%

500

(d) Power delivered = 500 — 200 = 300 MW

=5x10%A

(e) Available to town = 300 MW

o B800x 108
®» P=V /_7220 =1.36MA

0.1m

C:ﬁ: 8.85 x 1072 x t x 0.052 =1.39 x 10711F

d

0.005

0.1m

C= geA _ 4 x8.85x 10" x 1 x 0.05?

d

=2.78

0.000Tm

x 107°F

0.001

0.2m

O &&A _ 5x885x107°x2x0.01

d
=8.85x 10°F

0.0001

Q=CV=2x10%x6=1.2x10°C

72

73

74

76

1 1 1

(@) Inseries ol a +

C= % = 2.67uF
(b) Inparallel C=C, +C,=12uF

+

N
=
o] w

62:

2uF

|y

4uF '
|— 6uF
|y

II

6V

2+6=8puF

IS
c-ctcTats"

nguF
Total charge = CV = % x 6=16uC

Charge on the 4 uF capacitor is equal to total

_Q_16_
Chargesov_c_ 7 =4V
4uF 12 uF
|y |y
I I
2uF
||
II
[VAY
|
I

Total of the capacitors in series is 11,1
c C C
_1,1_4 b
4 12 1
C=3uF

Charge on the capacitors in series is
CV=38x12=36uC
Charge on the 4 uF capacitor is the same as the

total charge on the capacitors in series = 36 uC

pd across the 4 uF capacitor = % = % =9V

E=1CV2=1x5x10°x92=2.03 x 10*J
€

A 0.12
— &7 _ 12
(@ C= g 8.85 x 1072 x 1 x 5,008

=1.39 x 107'°F
(b) Q=CV=139x10""x 6=8.34 x 107'°C

©) E=QV=1x834x10""x6
=25x10°J




77

78

79

10

(d) Ifisolated, charge will remain the same but
new capacitance is % previous
C=6.95x10"F

Q=834 x 10°C 1 E=81x10°%J
2
E:%:5x10’9J Q=58x10°C

Extra energy stored is gained from work
done pulling plates apart.

50 electrons so Q =50 x 1.6 x 107'°C

=8x 108 C
_Q_ 8x10"® _ »
=C T 700x107 S 8x 107V _
(@ T1=CR=5x10%x 10 x 10° = 50s @)

(b) Q=CV=5x10°x10=50mC

(c) When discharging V = Voe%
V=10xe% =6.7V

(d) When starting to discharge pd across

(ii)

R=10V
_vV__ 10 _
/_R_1O><103_1mA

(e) When discharging / = /Oe%
Iy _ =t
'n(T) ~ RC

It =2 (iii)

1) -t
'n(E)_Rc
t=RC x In2 =35s

(a) timeconstant=RC =1 x 10x 10°
=1 x 107°s, so the capacitor will be fully (iv)
charged after 1s

(b) Initially pd across C = pd across R
V.=5V
5=IR
-5
0.5 x 108

[=1x10°A
() RC=05x10°x10x 10°="5s

< 2 2 (@ v
V=Ver=5xe> =335V

8.1 x 10°

emf = energy per coulomb = B 107

=1.4V

Ife=1.4Vand pdacross R=1.2V
then pd across r = 0.2V
so 1.4 =0.2 + 1.2, as shown
If you go up 1.4V you must come down
1.4V.
Applying Ohm’s law to R

vV 1

_Vv_12_
/_F%_ 6 =0.2A

Applying Ohm'’s law to r

_ VvV _02v _
r= ; _O.2A_1'OQ

Charge flowing = 5.8 x 10°C
Potential difference across R = energy
converted to heat per unit charge

So energy converted in R = pd x Q
=12x58x10°=6.9 x 10°J

Current is made up of electron flow, as
electrons flow through the metal they
interact (collide) with the metal atoms,
giving them energy. This is rather like
the way a rubber ball gives energy to
the steps as it falls down the stairs.
Increased vibration of the atomic lattice
results in an increase in temperature.




3

(b) (i)

(ii)

Resistance = 1; this can be found by
dividing V by .

Non-ohmic since the graph is not
linear. An ohmic resistor should have a
constant value for R.

(©) /=120mA V=6.0V

@
(ii)

@ (@

(ii)
(b) (i)

(ii)

_V__ 69 _
A= T = T20x 100 ~ 200
24v
[y
II
120mA
> <>
18V 6V

If a resistor R is connected in series then
the total pd across R and bulb = 24 V.
pd across bulb = 6V

so pd across R = 18V

pd across R =18V

=V
=1

_ 18 _
_120x1of3_1509

This means that if the bulb is
connected to 3V then 0.6 W of power
is dissipated.

0.6

P .
P=/V=>/=V=7=O.2A
Minimum value is when R is maximum;
this can only be zero if maximum value
of R is infinite.

Maximum value of current is when R
is zero. Ideally the pd across the bulb
would then be 3V but it isn’t because

the circuit and battery have resistance.

f/i\ 0.18A
/

3.0V— 0.6V

O

R

maximum value
0.20A

3 OV L %) %/)
O.4V[
minimum value

If we look at circuit @ we see that
the pd across the internal resistance

is 0.4V.
Now /=0.2A
SoR = =22 =200
() (i) AppIyOhms w:/=0.18A,V=0.6V
-V _
R_/ 02 =3.3Q
(i) Ohm’s law again' I=0.2A, V=26V
_Vv_26
R= ; 02 6 _130

(d) Resistance is different because temperature
of bulb is greater in c (i)

(e) v

0

0 /

() The circuit is the same as this:
j_/ X

12Q

3V

First calculate resistance of the 12Q and
4Q resistors in parallel:

11



4

12

@ @)

Now add the other 12Q
R=12+3=15Q

Y

12Q

3Q

;

Total R = 15Q; apply Ohm'’s law to the

inati _V_3_
whole combination — [ = F=15° 0.2A

Applying Ohm’s law to the 12 Q resistor
- V=IR=02x12=24V

so the pd across the bulb must be
3-24=06V

Power from cell = emf x current = £/

E r
>
/ V
<>
R
emf is Eneray converted
charge
so emf x current = ENer9y , charge
charge time
_ energy _
== = power
time P

(ii) Power dissipated in cell = power
dissipated inr = /°r

(iii) Power dissipated in external circuit
=I’R=1IV

(b) From the law of conservation of energy:

(c)

power from cell = power dissipated in circuit
El=Pr+VISE=V+Ir

r

—T—

O,
® p
C+——
\

variable resistor

0.42]

(d)

(e)

(@)

(b)

/thenlzo

oo A
(i) When /is zero there will be no pd
acrossr, soV=E=E=15V

(i) If the resistance R is very small then
V=0
so current can be found from the
intercept on the / axis = 1.3A

(iii) When R =0 pd acrossr=1.5V

sor:!—E:LZQ

/1.3
If R =rthen R must equal 1.2Q
1.5V

_|

1.2Q

1.2Q

Sototal R=2.4Q

: _V_15
Ohmslavv—>/_R_2.4A

Power = /2R = (%)2 x 1.2 = 0.48W

Gravitational field strength is the force
experienced per unit mass by a small test
mass placed in the field.

Should be GM = g /*
From Newton’s law the force on a mass m

on the surface of the Earth F = GR@
. F _ GMm GM
Field strength g, = = Fm g,= o2

= GM =g R*



(c) Use Fleming’s right hand rule
(d) F=Bcosb xVxe

B cosO

8/~ Component of B

perpendicular
to wire

direction of current

velocity out of page

(e) E = energy converted from mechanical

work to electrical PE per unit charge.

Work done on an electron in pushing it along

the wire = force x distance

=BcosO xev x L

Work done per unit charge = WD
=BcosO x vL °

This is the correct answer since question
says deduce from (d). However a more
obvious solution uses Faraday’s law.

E = rate of flux cut

= Bcos6 x area swept out per second

= Bcos0 x vL since wire moves a distance

vin 1 second.

(f) For an orbiting body the gravitational force

= centripetal force
GMm _ mv?
RR R
(where R is the orbit radius)

sov:fe'iM
R

From the question we know that for the
Earth’s surface GM = g R ?

(where R, is the Earth’s radius)

=10 x (6.4 x 106)?

So GM = 4.1 x 10""Nm? kg™

Height =3 x 10°m
SOR=3x10°+6.4 x10°=6.7 x 10°m

_ [ATxd07 _ -
soV = 707 ,/6.1 x 10

=7.8x10°ms™

SO

(g) From answer to (e), E = Bcos6 x vL

SOE=6.3x10°%c0os20° x 7.8 x 10° x L

= 1000V
1000

L= 63 %x10%00520° x 78 x 10°
=22 %x10*m

Error carried forward: In IB questions you
generally don’t get penalized for carrying
an error forward so if you got part (e) wrong
and used your answer in part (g), then you
should get the marks for (g).

6 (a) () Theemfinduced in a conductor placed
in 2 magnetic field is directly proportional
to the rate of change of the flux it
encloses.

(i) The loop encloses B field as shown. If
the current changes then the enclosed
flux field will change so, according to
Faraday, emf will be induced.

current-carrying wire

(b) When gradient of B versus t is maximum
then € is maximum.

B o< | so flux varies as current

(iii) When coil is further from the wire, the B
field will be less so flux enclosed will be
smaller.

As a result % is less so g is less.

(c) Advantage — does not need to be in contact
with the wire.
Disadvantage — distance from the wire
should be known.

7 Yy
o~ 0O

13
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vl
Power = 29
owe 5

The answer is A.

For an ideal transformer no power is lost.
power in = power out
VI =VI

pp s's
The answer is C.
This is always true only if the transformer is
ideal; however, none of the other answers
makes any sense.

The situation looks like this:

Taking components:
vertical T cos® =mg
horizontal T sin® = F (the electric force)

viding g _F
Dividing gives tan6 = mg

but the angle is small so we can approximate:

2 _r
tan® = of ) 2
We also know that F = % - %

with each sphere taking half of the total charge
(6.5 x107°C)
ro_ (kQ¥r?)

SO Z = 7[’)’)9

rearranging, we find r® = kQF x 2L

mg
_(9x10°x (6.5 x 1079 x 2 x 0.5)
(10 x 10° x 10)
=2.7x10°
andr=3cm

A vacuum cleaner has an electric motor, which
consists of a coil rotating in a magnetic field.
When a coil rotates in a magnetic field an emf
will be induced in it that opposes the change
producing it. This means that the induced emf
will oppose the current flowing through the coail.
If there were no resistance this emf would equal
the applied emf and no current would flow.
When the motor starts there is no induced emf
(back emf) opposing the current so the current
is much larger than when running. This can
cause the circuit breaker in the house to switch
off. To prevent this a variable resistor could be
placed in series with the motor; this is reduced
as the motor starts to rotate.

12V AyF

2uF 2uF

When connected to the battery

Q=CV=24uC

Energy stored = 5 CV2=0.5 x 2 x 10 x 122
=144uJ

When connected to the other capacitor the total

charge is conserved and the pd across each is

the same.

Q=Q,+Q,

V=V =V,

SoQ=CV,+C\V,=CV+CV

24 =4V + 2V

V=4V

Energy stored = § C,V2+ 1 C,v2

=05x4x10%%x4°+0.5x2x 10°x 4?

=48uJ

Change = 96 uJ



Chapter 7

S l 054 eV
—0-85 eV
1 (@ KE_=Ve=06x16x107"° , ,
e s ~1-51 eV
=9.6 x 104
(b) L=422m€im—f=S=7.1x10"Hz
A 339V
() KE  =hf-0=0¢=hf-KE__
=6.63x 10 x 7.1 x 10" -9.6 x 10°°
=3.7x107"°J
_ _ 0 _ 387x10"
@ ¢ =hi,=1, h  6.67 x 103 \ \ _
=56 x10"Hz -13-6 eV
2 (a) f= % — 91 x 10 Hz 10 possible transitions as shown.
A=144nm, ¢=4.3eV 6 l —0-54 eV
E=hf=6.63 x 10 x 2.1 x 10" —0-85eV
=138 x 1078 J
16V =1.6x 107J T Shere
_ 1.38x 107 _
EEV) = 5109 = 868V A o
(b) KE  =hf-hf =8.6-4.3=43eV
(c) KE,, =Ve=4.3eV
V,=4.3V
(d) hf,=4.3x1.6x107° . . 136
f_4.3><1.6><10“9 . .
07 6.63x 1073 The maximum energy is released from the
f,=1.0x 10" Hz biggest transition.
3 No electrons emitted since i.e. from-0.64 = -13.6 eV

14 15
71 x10%<1.0x10 Energy released = 13.6 — 0.54 V = 13.06 eV

4 KE,=hi-0, KE, =146V, ¢=50eV This is equivalent to 13.06 x 1.6 x 107 J

hf=KE__ +0 =2.09x 1078 J
=14+5.0=6.4¢eV Using the equation E = hf
_ 6.4x1.6x 107 _E_209x107®
hf0=6.4x1.6x10‘9J:>f0=% f_h_76.63x10-34
=1.5x% 10'® Hz f=315%x 10" Hz



l —0-54 eV
—0-85 eV

Y -1-51eV

-3-39eV

- - L —136eV

The minimum energy is given by the smallest
transition.

-0.54 = -0.85
E=0.85-0.54=0.31¢eV

This is equivalent to 0.31 x 1.6 x 10-° J
=496 x 1020J

Using E = hf

_E_496x10%® _ 13
f= T 10T 7.44 x 10" Hz
l —0-54 eV

—0-85 eV

Y -1-51eV

-3-39eV

v v Y

-13-6eV

To remove an electron from the lowest energy
level it must be given 13.6 eV

-13-6eV

10

11

12

13

Thisis 13.6 x 1.6 x 1079J =2.18 x 1078

Using E = hf

_E_ 2.18X1048_ 15
f=£- 28X " 328 x10%Hz

e 1°h?
nme?
Use n =1 to find radius of atom when in lowest
energy state
,_8:85x 107 x 1 x (6.63 x 10
Tt x9.1x10% x (1.6 x 1079?

=53x10""m

=

E=-13.6/n% eV
1 1
AE = —13.6(? - 7)

2
2 nW

_ —13.6(l - %) =-10.2eV

22
_ _AE _ (102 x 1.6 x 1079
AE=hf,sof= = =53 % 10
=25x 10"°Hz

(@ KE=100eV, V=100V
(b) 1eV=1.6x10"9J
1006V = 100 x 1.6 x 10-'°J
KE = 1.6 x 1077

(c) KE:%mv2—>V= 2 x KE

m

= [2x16x107 _ 59 10°ms
9.1 x 10

Momentump =mv =9.1 x 10°%" x 5.9 x 10°
=5.4x 10 kgms™

h 663 x10% !
_h _863x10% _ 45, 100m
A== Eaxi0 <10

Momentum of car = 1000 x 15=1.5 x 10*Ns

=D 244 x10%m
p
Can’t pass a car through such a small opening.

Size of nucleus is about 107'® m

Ax = 1075m
AXAp > h/4m
Ap > -0
47
AD =5 x 10°N's
KE=1me=0 o 6x107F
2 2m  2x9.1x10%

=1.4x10°J
= 8.6 GeV (far too much)



14

15

16

17

18

19

20

KE = —mv2_—><1000><202:2><105J

mass equivalent from E = mc?

_ 2 x 10° _ 12
= Bx 107 =2.2 x 10"?kg
(@) E=Vqg=500¢eV

1eV=1.6x10"J
500eV =500 x 1.6 x 10" =8 x 107""J

(b)

. _ 8x107"7
(c) mass equivalent = B 107
=8.9 x 10%kg
. ~ 3 x 108)2
(d) mass equivalent = 8.9 x 104 x W
=500 eVc=

35 protons + neutrons

17 protons

number of neutrons =35-17 =18
(b) 58 protons + neutrons

28 protons

number of neutrons = 58 — 28 = 30
(c) 204 protons + neutrons
82 protons

number of neutrons = 204 — 82 = 122

~Fe has 26 protons. Each proton has charge
+1.6x 107°C

= Charge of nucleus = 26 x 1.6 x 107°C
=416 x 107'8C

Total number of protons + neutrons = 54

A proton and a neutron have a mass

=~ 1.67 x 10%"kg each

Approximate mass of nucleus

=54 x 1.67 x 10777 = 9.0 x 102°kg

92 protons + 143 neutrons = atomic mass
=235

So nuclear symbol is U

U has 92 protons and 238 — 92 = 146
neutrons

A different isotope would have 92 protons but a
different number of neutrons, e.g. 145.

Charge of alpha particle =2e =2 x 1.6 x
10°C =8.2x107"°C

21

22

binding energy per nucleon (MeV)

(a) KE of alpha particle = 7.7 MeV
=7.7x108x 1.6 x107"°J
=1. 23 x 1072 J
KE =~ mv2 >Sv=
_ [2x 1.23 x 107

6.7 x 10?7
v=19x10"ms™

When alpha particle is closest to nucleus,
KE = electrical PE
= 1.23 x 1072 = Q9

p
Ox109x2.1x 10" x3.2x 10"
1.23 x 10712

r=49x10"%m

BTN

233 233.0396

2KE
m

(b)

=

(@) Zis the number of protons = 92p
A — Z is the number of neutrons = 233 - 92

=141n
(b) Total mass (u)
=902 x 1.00782 + 141 x 1.008 66
=234.9405u
(c) Mass defect = mass (parts) — mass
(nucleus)

= 234.9405 - 233.0396 = 1.9009u
(d) Total binding energy = 1.9009 x 931.5

=1770.6MeV
(e) There are 233 nucleons so
BE/nucleon = 17706 _ 7.6MeV/nucleon
233
10 4
8 -
6 —
)
4 -
rd
2 —
0 T T T I 1
0 50 100 150 200 250
A



23

24

25

26

27

28

29

30

212 208 4
0,P0 = 2°Pb + JHe

E released = [mass (Po) — (mass (Pb) + mass
(He)] x 931.5MeV

= 8.95MeV
The proposed decay equation is

2P0 = AL+ B+ v

Energy released

= [mass (Po) — mass (At)] x 931.5MeV
=—-73keV

This is negative (meaning energy would need
to be supplied to make it happen) so won’t
happen naturally.

139 139 O
PBa="Pla+p+v

Energy released

= [mass (Ba) — mass (La)] x 931.5MeV
=2.32 MeV

AE =y energy

5.485 - 5.443 = 0.042MeV

_ . f_ AE _ 0.042 x 10° x 1.6 x 107
E=htf= h 6.63 x 10

=1.0x 10"Hz

Half-life is 4 s, so 165s is 4 half-lives, so sample
will halve 4 times.

Original sample contained 2009 so after 4 half-
lives will contain

ZOOX%X%X%X%:TZ.ESQ

Rate of decay halves each half-life.

Half-life is 15s so 42s is 3 half-lives.

If activity was 100 decay/s then after 42s it
will be

100 x 3 x 3 x 3 = 12.5 decay/s

75 Is 3 x 3 x I x £ so if the amount of ™C has
reduced to 11—6 the wood is 4 half-lives of “C old
=4 x 6000 = 24000 years.

A,=40Bqg; ti=5mins

1
2

A= % =0.14min™’

A =A™

31

32

33

t=12 min
A, =40 x 112 =7 45Bq

A =Ae™ A,=20Bq

In (i)z—m; A, =15.7Bq
/AO
—in(fe)x 120 (20) 1
A=n (K) 3= (Z7)* 55

t

=2.4x 1072 year"'

t

o=

= '”72 = 28.6 years
(a) 5.27 years = 5.27 x 365 x 24 x 60 x 60
=1.66 x 10%s

(b) 7»:'”72:4.17 x 109 s

(c) %°Co has mass no 60

= 60g contains 6.02 x 10%® atoms

= 1g contains

a5 x 6.02 x 10 = 1.0 x 10?2 atoms
(d) Activity = 9 = — AN

=417 x10°x1.0x 102 =417 x 108s™"
(e) If activity = 50Bq then sample contains

50 _ 12
T xie - 210

(@ H+H—=3He+ n
Change in mass
=[2.014101 + 2.014101]

—[3.016029 + 1.008664]
=0.003509u

Energy released = 0.003509 x 931.5
= 3.268MeV

(b) 2H+H=2H+p
Change in mass
=[2 x2.014101] - [3.016049 + 1.007 825]
=0.004328u

Energy released = 0.004328 x 931.5
=4.032MeV

(c) 2H+3He = He +p

(1H is a proton)

Change in mass

=[2.014101 + 3.016029]
—[4.002603 + 1.007 825]

=0.019702u

Energy released = 0.019702 x 931.5
=18.35MeV



34

35

36

37

38

236 100 126 1
U= Mo + Z°Sn + xn

To balance nucleon number
236 =100 + 126 + x x 1

x=10

To calculate energy released, first find change in
mass:

236.045563 -
[99.907 476 + 125.907 653 + 10 x 1.008 664]
=0.1438u

Energy released = 0.1438 x 931.5 = 133.9MeV
U — 18Ba + SKr + 9n)

Change in mass
=233.039628 - [137.905233 + 85.910615
+ 9 x 1.008664] = 0.1458u

Energy released = 0.1458 x 931.5MeV
=135.8MeV

electron absorbs positron emits
photon and is photon and is
deflected deflected

et

e+ et

. ) electron and positron
positron emits photon annihilate to form photon

that is absorbed by which forms an electron
another positron positron par.

e” and e* can be swapped in all cases to give
an equally valid answer

p+e = n+Vv
Baryon 1+0 = 140
Lepton O+1 = 0+1
Charge +1-1—= 0+0

Seems ok

39
No — Baryon
Lepton
No — Charge
Not ok
40
Baryon
Lepton
Charge
Seems ok
41
Baryon
Lepton
Charge
Seems ok
42
Baryon
Lepton
Charge
Seems ok
43
No — Baryon
No — Lepton
Charge
Not ok
44
No — Baryon
No — Lepton
Charge

Not ok

p+p
1+1
0+0
1+1

p+p
1+1
0+0

1+1

-

-

P+p+P
1+1+-1
0+0+0

1+1-1

p+p+mn°
1+1+0
0+0+0

1+1+0

Y+
0+0
0+0
0+0

n+vy
1+0
0+0
0+0

n+v
1+0
0+ -1
0+0



45

46

47

48

49

(@) m: charge -1, strangeness =0

Mesons are quark—antiquark combinations
ua d

2 1
£ — — = total change = -1
3 3 9

(b) Q= charge -1, strangeness-3—s s s
(c) = charge -1, strangeness-2—s s d
1T 1 1
charge 37373
(d) =°: charge 0, strangeness -2
s s u
1 1 1
charge 37373
neutron pl’OtOﬂ
@ @\@@
Down changes to up
(@) (b)
d u
blue . red  green
blue antired red
antigreen
C
N
X e
Y

If one arrow points into vertex the other must
point out so Y arrow points out, this is forwards
in time so Y is a neutrino.

Charge exchange is positive so X is a W+,

C

Y arrow must point in so is antineutrino.

Charge exchange is negative so X is a W-.

50

1

v

e

o

Weak interaction but no exchange of charge so

XisaZ°

@ (@

white light

(ii)

When white light passes through a gas
photons can excite atomic electrons
into higher energy levels. When this
happens the photon is absorbed
resulting in a dark line in the spectrum.
After absorption the electron will go
back to its original level, re-emitting the
photon in a random direction.

gas absorbs red

spectrum with
absorption line
in red

To produce a spectrum the light can
be passed through a diffraction grating;
this will produce interference maxima
for each colour at a different angle.



(b) (i)

(ii)

(© @)

(ii)

E = hfwhere f= £

A
hc _ 6.63x10% x 3 x 108
E = — =
S0 A 588 x 10°
=3.38 x 1079

According to the previous calculation
absorption of a 588 nm photon will

give an atomic electron 3.38 x 10719J
of energy. This would correspond to a
change from the 5.8 to the —2.42 level.

58-2.42 =3.38
energy/107"°) A
0

-1.59

-2.42
-3.00

-5.80

-7.64

(To answer this simply try subtracting
3.38 from each level.)

The Bohr model assumes that electrons
orbit the nucleus, like planets orbiting
the Sun. To explain the line spectrum of
hydrogen, the electrons can only exist
in certain stable orbits defined by their
angular momentum. Absorption of a
photon of light causes the electrons to
change to a larger orbit.

The Schrédinger model considers

the atomic electrons to behave as
waves trapped in the potential well of
the nucleus. Like standing waves in

a string, the ‘electron wave’ can only
have certain discrete wavelengths and
therefore discrete energies.

(d) The temperature of the core of the Sun is
S0 high that all atoms would be ionized;
this means that chemical reactions such
as burning could not take place. Spectral
analysis of the Sun shows that it is mostly
H and He so the reaction taking place is
fusion not fission. The amount of energy
produced is also of the right order of
magnitude.

(e)

(f)

(i)

(i)

(i)

(ii)

(iii)

(iv)

Balancing the nucleon numbers (atomic
mass number) 4 + 4 + 4 =12
Balancing proton number (atomic
numben 2 +2+2=6

The energy released is due to loss in
mass

Mass defect = 3 x mass of He — mass
of C
3 x 6.648325 x 1027
—1.9932000 x 102
=1.2975 x 102°kg

This is equivalent to mc? energy
=1.2975 x 1029 x (8 x 108)?
=1.17 x 1072J

The other particle emitted in beta decay
is an antineutrino.

During beta decay the energy released
(change in binding energy) is shared
between the daughter, beta particle
and neutrino. The daughter has a much
bigger mass than the other two so
doesn’t receive much energy, resulting
in most energy being shared between
the beta particle and neutrino.

Using the decay equation N = N_e™

where the decay constant A = I“2,
In2 0.8455" half-life
“os2 oS

So fraction remaining after 10s = Nﬂ

0
= g0845x10 = 0,000213, which is 0.02%
During beta decay a neutron decays

into a proton + electron

The quark content of a neutron is dau
and a proton is uud
so a down quark has changed into an

up quark
7



2 (a) Rate of decay is a nuclear process so is not
affected by temperature or pressure of the
sample. However the rate of decay does
depend on how many nuclei are present.

Property Increase | Decrease | Stays the
same

Temperature
Pressure

Amount

(b) (i)

(i)

(ii)

(iii)

v
v
2Ra — o+ %N
From text given it is oo decay so we
knowA-4,72-2

(loss of mass)c? = energy released

= mass (Ra) > mass (o, + Rn)

= [mass(Ra) — mass (o + Rn)]c?
Am = 226.0254 — (222.0176 + 4.0026)
=0.0052u

1u= 931.5MeV
So E =0.0052 x 931.5 = 4.84MeV

@ L@ &

before after

The momentum of the particles before
the decay = O since the bodies are
isolated momentum is conserved so
momentum after decay = O

This means that the momentum of the
nucleus is equal and opposite to the
momentum of the alpha particle. In
other words they move in opposite
directions.

222 x v, =-4 xV,

% 222
= o0 = ===
v, 4

Rn
KE, =2 mv2
KE,, = 2 mv,2butm, =

v, =

R 555
substituting KE,
=0.018 x %mvu2

so KE,, < KEa

=-556.5

222 xm_and

1222) (Va)z
2(4 M, * 555

3

()

binding energy per nucleon

(d) The alpha decay could leave the nucleus in
an excited state, leading to the emission of
a y photon.

(i) Fusion is when two small nuclei join

to form a larger nucleus with higher
binding energy. This results in the
release of energy.

>

>

A

(ii) Nuclear force is very short range, so to

fuse, nuclei must get very close. But
nuclei are positive, so repel each other.

O— O

To get them close they must move
very fast. This can be achieved if the
temperature is high.

To increase the number of collisions,
the density of nuclei should be high.
This is achieved by increasing pressure.

(@) (i) Fission is when a large nucleus splits

into two smaller ones of roughly
equal size.

()—o0o0

Radioactive decay is when the nucleus
emits a small particle (o, B, V)

()—0o

i) 285 1 90 142 1
(i) *5U + n—=205r + 2%Xe + 4/n

Calculate how many neutrons form the
change in A:

235+1 =00+ 142 +4



() @

(iii) During beta decay a neutron = proton
so the number of nucleons is unchanged
but the number of protons increases
by 1.

Alis unchanged, Z = Z + 1

102 MeV 65MeV
Sr Xe

(i) Srhas KE =102MeV. This is
102 x 108 x 1.6 x 107'°J
=1.63x10"J
mass of Sr = 90 x mass of nucleon
=90 x 1.7 x 10""kg (approximately)

= 1.53 x 10%kg

KE=Imvsov= /%
m

=1.46 x 10'ms™’
momentum = mass x velocity
=2.2x 10"Ns

(i) Momentum of two parts is not the
same because the four neutrons will
also have momentum.

(i S
4 neutrons
<«

lXe

Since we don’t know which way the
neutrons go it is difficult to say which of
the arrows should be biggest or their
exact direction.

The way shown is with the neutrons on
the side of the Xe.

Energy released = 198 MeV
=198 x 10°x 1.6 x 107%°
=317 x10"J

25% of this = 7.9 x 10-'2J
(i) Q=mcAT = 0.25 x 4200 x 80

=8.4 x 10*J
(iii) The number of fissions to heat the
_ 84>< 104 — 16 £ H
water = 7o X107 1.1 x 10 fissions

Each nucleus has mass 3.9 x 105kg

4

(@

(b)

=9-

So mass required
=1.1x10%x3.9x 10%®
=4.1 x 10%kg

() A nucleon is a proton or neutron; these
are the particles that make up the
nucleus.

(i) Nuclear binding energy is the energy
required to pull a nucleus apart or the
energy released when it is formed form
its constituent nucleons.

and (c)

0 25 50

(d)

(e)

T T T T T 1
75 100 125 150 175 200 225 250

A
BE = (mass of parts — mass of nucleus)c?

If mass is in u then can convert to MeV by
multiplying by 931.5MeV
SHe has 2 protons and 1 neutron
BE = [(Mass neutron + 2 x Mass proton) —
Mass He] x 931.5MeV
=[(1.00867 + 2 x 1.00728) — 3.01603]
x 931.5MeV
=0.0072 x 931.5 = 6.7MeV

BE/nucleon = % =2.2MeV
H+H=>He+n
() This is a fusion reaction.

(i) When two small nuclei fuse the binding
energy increases. This means energy
must be released.



6

10

binding energy per nucleon

(@

(b)

3
>

> Y

The de Broglie hypothesis states that all

particles have a wave associated with them.

This wave gives the probability of finding
the particle: its wavelength is related to the
momentum of the particle by the formula

A= % where h = Planck constant.
() Gainis KE =eV =850eV

orin joules
850 x 1.6 x 1079 =1.4 x 107'°J

(i) KE=Imv2sov= /Z::IE x momentum,

p:mv:m\/%ﬁzm
=J2x9.1x10% x 1.4 x 1079
=1.6x 102 Ns

This is in the data book.

You need to know what is in the data
book in case you need to use a value.

(iii) %= g = 88X 10~ 41 %10 m

(@) An electron can move from ground state to

a higher energy level if

n=3 -1.51eV
n=2 -3.40eV
n="1 -13.68eV

1. It absorbs a photon.
2. It gains energy as the gas is heated.

7

(b)

(@)

(b)

_ho
f_)»

(i) Photon energy = h
_ 6.63x10*x3x 108 _ 19
= 558 < 107 =3.02 x 10"°J

_ 3.02x10" _
= 322X 00 = 1.89eV

(ii) A transition fromn =2 —=n =3 is equal
to 1.89eV so light of this wavelength
will excite electrons fromn =2 —-+n =3
and therefore be absorbed.

The Bohr model has the electrons
orbiting the nucleus in circular orbits.
The Schrédinger model has the position
of the electrons defined by a wave
function resulting in electron probability
distributions that are not circular.

(iii)

The Schrédinger model predicts that
different energy changes have different
probabilities; the Bohr model does not.

According to the wave model the energy

in the wave is related to the amplitude, not
the frequency. This means that the KE of
photoelectrons should be dependent on the
intensity.

However KE is dependent on frequency,
not intensity.

This can be explained if we consider light to

be made up of photons. Each photon has

energy = hf.

A photoelectron is emitted when the

atom absorbs a photon so the KE of a

photoelectron is related to f.

Intensity is related to the number of

photons, so increased intensity increases

the number of photoelectrons, not their KE.

(i) From x intercept, threshold frequency
=3.8 x 10" Hz

(i) From gradient, Planck constant
_(4-1)x16x107"
~ (185-6)x 10"
=6.4 x 10°Js

(iii) Work function = y intercept = 1.5eV




(c)
(14, 4)

4 4

KE=hf-¢
y=mx+c
gradient = h
y intercept = -0
(@ K= PAr+pr+v
The proton number has gone down by 1
but the nucleon number is
constant = p* = n° + B* +v
(b) Rock contains 1.2 x 10°g of K and
7.0 x 10°g of Ar
Originally all of this was K so the original

amount of K= (7.0 + 1.2) x 108
—82><1O*Gg
(© @) r= ﬁ 13”‘70 5.3 x 100 year
(i) N,=82x10%g
N=1.2x10%g
N=Nge™
t_i|n7_l| (ﬁ)
N
1 <IN g
53><1O‘10 1.2

= 3.6 x 10° years

(@) Circular path = F = M~

This is due to magnetic force = Bqv

mv?

10

(b)

()

(@

So Bqv = mTVQ

:r:%:rocm

q
m,=20u r,=15cm
If r e« m then m_h

m2 r

r,=16.5cm
20u _ 15
m, 16.5
m, =22u

Neon has proton number = 10

This would be given; you are not expected
to remember these numbers.

so0 20u nucleus has 10p, 10n

22u nucleus has 10p, 12n

(They are isotopes.)

) w—e+y
An electron is a lepton and has an
electron lepton number 1; the pis a

muon with muon lepton number 2.
These don’t balance.

Alternatively according to the standard
model leptons do not interact across
generations.

(i) p+n=p+n°
p and n are baryons so have baryon
number 1.
7° is @ meson so has baryon number 0
— baryon number not conserved

(i) p=nt+
In this example the charge doesn’t
balance.
Charge on left = +1
Chargeonright=+1-1=0
Also baryon number doesn’t balance
+120+0

(b) The gluon is the exchange particle of the

strong reaction between quarks.

The meson is the exchange particle
between nucleons so this could also be
the answer.

11



11 K+p—=2K +K+X
K- su
K* us
K° ds
@)

(b)

(©)

12 (a)

The K'is a hadron since it is made of two
quarks.

proton — duu
This you have to remember | am afraid.

balancing quarks s+ duu = dS+ uUS + SSS

strange 1 = —1-1+1+1+1
up =1+1+1 = +1
down —1+1+1 = +1

(i) The force between quarks is the strong
force.

(ii) The exchange particle of the strong
force is the gluon.

(b) baryon baryon
l \2
V+p—=n+et
T T
antilepton  antilepton
pbaryon number O + 1 = 1 + 0 conserved
lepton number -1+ 0 = 0 + -1 conserved
charge 0+1 =0+ 1 conserved
baryon  antilepton
l \2
V+p—=n+e*
T T
lepton  baryon
lepton number +1+ 0 # 0 + -1 not conserved
baryon number O + 1 = 1 + 0 conserved
charge 0O+1 =0+ 1 conserved
Second interaction will not happen because
lepton number is not conserved.
13 (a)

12

14

(b)

(@)

(b)

Ais a m* meson (as stated in the question)
B must be an antiparticle as it points back
in time and the other particle on the vertex
is @ muon so this must be an antimuon
neutrino.

(i) The W boson has charge (+ or -).

(i) The W boson has rest mass but the
photon has zero rest mass.

(i) An elementary particle cannot be split
into anything smaller.

(ii) An antiparticle has the same rest mass
as a particle but opposite charge.
A lepton is a group of fundamental
particles that do not take part in strong
interactions, e.g. an electron (-) and its
antiparticle the positron (+).

Coming into the interaction there is an
electron and a positron: going out there are
two gamma photons.

To complete the diagram each vertex must
have two straight lines and a wavy line so
there must be a straight line joining the
vertices.

e Y

This particle must be an electron (because
of the way the arrow is drawn; if drawn
the other way this would be a positron)

to make the lepton numbers balance. In
this interaction this electron is the virtual
particle.



1

(¢) () = hasan up and an antidown quark.

(i) In this interaction the baryon number is
not conserved.

(d) Two particles with spin £ cannot occupy the
same quantum state.

(e) Quarks have spin % S0 must obey the Pauli
exclusion principle. The introduction of
colour as a property of quarks allows them
to exist in baryons and mesons without
violating the principle.

Proton number = 29 so

Binding energy = (29 x mass(H) + 34 x mass(n))
—mass(Cu)

=29 x 1.0078 + 34 x 1.00866 — 62.929599
(you have to look that up)

=0.59104u

=0.59104 x 931.5MeV = 551 MeV

=551 x 108 x 1.6 x 107°J

=8.8 x 107'"J per atom

1 mole of copper has mass 63g so 3g has

% x 6 x 10%® atoms.

So 3g would require 8.8 x 107" x 2.86 x 10
=25x10"J

2

2Na = 2Ne + e*

Energy released = (mass(Na) — 11 x mass(e)) —
[(mass(Ne) — 10 x mass(e)) + mass(e)]

=m(Na) -2m_— m(Ne)

=21.994434 - 2 x 0.0005486 — 21.991 383

=0.00195

=0.00195 x 931.5MeV = 1.82MeV

13
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Chapter 8

light
electrical
Thicker arrow =
heat <__more heat than
||ght (depends on
type of bulb)

This one probably should be much smaller

light

electrical

mechanical

This is what happens
to most of the energy

3 (a) Power= %rgy = energy = power x time
1 day =24 x 60 x 60 = 8.64 x 10*s

energy produced = 1000 x 10° x 8.64 x 10*
=8.64 x 10%J

(b) % efficiency = ENerAY OUt o 4100 = 40%
energy in

energy in = %&’om x 100

= 8643107, 100 = 2.16 x 104

40
c) Energy density = 8189 go
(c) gy Y = s

energy  _ 2.16 x 10"
energy density ~ 32.5 x 108

= 6.65 x 10°kg

mass =

(d) 1 tonne = 1000kg; each truck contains
10°kg
number of trucks =
(67 trucks needed)

M_665

4 (@) “Ba— a+p+V

(b) Each half-life activity falls by %
LIV BV E VN IV [V ISV IV |
2 2 2 2 2 2 2 2
_ 1
1024

= 10 half-lives

X X

N | —
N |—

10 x 11 months = 110 months = 9.2 years.

(@) °Pu — °Zr + *5Xe + xn
balancing nucleon number.
239=96+136+x=x=7

(b) °Pu = °Zr + Xe + 7n

(c) Energy released is found from the change in
mass:
239.052158 - [95.908275 + 135.907213

+7 x 1.008664] = 0.176u

energy released = Am x 931.5eV
=164 MeV

(d) 1 mole Pu = 239g = this contains
6.022 x 10% atoms

1000
(e) 1kgis —= 539 moles

SO contains 1203090 x 6.022 x 10%° atoms
= 2.5 x 10% atoms

() 164 MeV released per nucleus so
2.5 x 10% x 164 = 4.1 x 10°°MeV

(9) 1eV=1.6x10"J so
energy released = 4.1 x 10% x 1.6 x 10°1°
=6.6 x 10'3J

If 3% of the fuel is 2*°U then of 1 kg, |s 238y
=0.03kg

energy density =
=9 x 10"%Jkg™

energy released
mass

= energy released = 9 x 10" x 0.03
=2.7x10"J

(@) energy = power x time
=10000 x 10° x 60 x 60 = 3.6 x 10'°J
T T
10000kW 1 hour



(b) 1kgreleases 2.7 x 10'2J
ie. 2.7 x 102 Jkg™'
Amount of fuel needed to release 3.6 x 10'°J
=1.3x 102kg = 13g

8 1000 W2

Vol

10

a) Intensity = POWer
( ) y area

power = intensity x area = 1000 x 4 = 4kW

absorbed

(b) % efficiency = POWerout . 109 = 50
power in 11

T

from Sun

power out = 41X080 =2kW (2000Js™.)
(c) InB0s, energy = 2000 x 60 = 1.2 x 10°J

This is given to 1kg of water so using
Q =mcA8

1.2 x 10 =1 x 4200 x A6 = 28.6°C

9 1000 Wm-2

Vol

12

1cm?

(@) Incident power = area x intensity
=1x10%x 1000 =0.1W
15% of this is absorbed = % x 0.1
=15x10°W

(b) P=IV=15x10?=/x0.5 13
/=0.08A

(c) 10 x 0.5V batteries in series = 5V

e

(d) Each cell = 0.03A so 10 batteries in
parallel = 0.3A

(e) Each cell produces 0.015W, so to produce

100W requires 100 _ 6667 cells
0.015
I etc.
electrical
light
heat

(@) Using the formula L1pnr2v® = power in the
g 5P
wind
power = % x 1.2 x 3.14 x 542 x 10°

=5.5 x 10°W = 5.5 MW

(b) % efficiency = POWerout . 100 = 20%
power In

power out = 290X55 _ 1 1 Mmwy
100

(c) Since power is proportional to v4, increasing
speed by a factor 1.5 increases power by
factor 1.5%. So power = 1.1 x 1.5 =3.7MW

Note: power in the wind = 5.5 x 1.58

=18.6MW
(a) = 000289 _ 000289 _ 55, 10%m
T 500

(b) % = 6T = 5.67 x 10 x 500°
=354 x 10° W m2

(c) P=AoT"=4n*oT*
=4n x 0.02%2 x 3.54 x 103 = 18W

d) Atim, /= 4;2 - g x 12=1.4Wm?

(a) Direct from Sun = 68\Wm™
radiated from Earth = 358 Wm
convection = 105Wm=2
total = 531 Wm™=

(b) 31Wm=




(c)

(d)

(e

(@)

(b)

(@)

Reflected = 110Wm=
incident = 350Wm

albedo = 19 - 0.31
350

Radiated back to the Earth = 332Wm=
radiated away 199Wm=

total = 531 Wm=

41Wm= passes straight through
399Wm radiated from Earth

41 o _ )
(@)XTOO/O—HD.S/O

Fossil fuels are continually being made on
the sea floor as organisms die; however, the
rate at which they are made is much slower
than the rate they are used up.

() Nuclear waste: the process of nuclear
fission produces radioactive waste,
which is difficult to dispose of.

(ii) Nuclear weapons: although nuclear

fuel cannot be used directly to make

bombs, the process of enrichment and
raw materials are the same. A country
with a nuclear power programme could
theoretically be producing weapons.

A solar panel is a panel containing water
pipes that absorb the Sun’s radiation to
heat the water. This hot water can be used
for showers, washing dishes, etc.

A solar cell is a semiconductor device that
absorbs light, converting it to electrical
potential energy.

output temperature (K)

output temperature (K)

(b) (i) From the graph:

350+
340 / / (720/340)
330+
320+ §
3104
300 ! ; : : : )
200 300 400 500 600 700 800
input power (W)
Input power = 720W
so if intensity = 800Wm-2
: 720
In narea=-= =0.90m?
will need an area 800 0.90m?,
You don’t really need to understand
what is happening; you just read the
graph.
(i) The point (500, 320) is between the
100W and 200W lines.
350+
3404
330+
3204 .
I
I
I
i
310 !
]
1
I
300 | | ! . | |
200 300 400 50 600 700 800
input power (W)

Estimate power extraction = 150 W

efficiency = ROWerout . 4009
power in

_ 150 o — 200
= 150 % 100% = 30%



3 (a

Coal is burnt to produce heat; this heats
water, which turns to steam; the steam
turns a turbine, which turns a generator.
The generator produces electricity.

Chemical energy = Heat = Kinetic energy — Electrical

coal water

(b)

()

(d)

(b)

()

turbine generator

(i) Arthough coal is being made from
dead plants it is classified as non-
renewable since it is used faster than it
is produced.

(ii) The heavy elements used in nuclear
fuel are not produced on the Earth, so
nuclear fuel is non-renewable.

(i) To maintain a chain reaction, neutrons
must be absorbed by further nuclei.
This won’t happen if the neutrons are
moving too quickly, so they are slowed
down by the moderator.

(ii) The chain reaction can be slowed down
by preventing some of the neutrons
from being absorbed by the fuel. The
control rods absorb neutrons slowing
down the rea ction.

The main advantage is that the nuclear
power station does not produce
greenhouse gases. Another advantage
is that there is a lot more nuclear fuel
remaining in the Earth than coal.

Annual energy = 120TJ = 120 x 10'2J

so total power = — 120 x 10
seconds in 1 year
120)(1012 :38MW

~ B0 x 60 x 24 x 365
If 20 turbines, each turbine has power

38 _ 0.19MW
20

Power of turbine = § prr2 v

2P _ [2x049x10° _ 1o

pmv2 12xnx9®

This is an estimate since the wind speed is
not always the same; the average will vary
from year to year.

=r=

This calculation also doesn’t take into
account energy loss due to friction etc.

(d)

(a)

(b)

(c)

e

fast neutron

(d)

(@)

Also assumes all of the energy of the wind
is converted to KE of turbine, this is not the
case.

The main disadvantage is that turbines take
up a lot of space and must be built in windy
places.

It is not easy to build big towers in windy
places.
(i) This reaction is a fission reaction.

(i) The energy liberated is given to the
KE of the products. Increasing the KE
of the atoms results in an increased
temperature.

This is best shown in a diagram.

0. @ 3
O'\@%

Neutrons from the first fission are absorbed
by U nuclei, initiating further fissions.

—> (U)y—

(i) If the neutrons are travelling too quickly,
they will pass through the U nucleus.
To allow them to be absorbed they are
slowed down by the moderator atoms.

j;o\./o\o
neutron loses energy as it
collides with moderator atoms

moderator

(ii) The control rods are used to slow
the reaction down. They do this by
absorbing neutrons, preventing them
from being absorbed by 2*°U, leading to
further fissions.

Fission of U = KE to products. This causes
the temperature to increase. The hot fuel is

used to turn water into steam, which drives
a turbine. The turbine turns a generator that
produces electricity.

Only half of the Earth is exposed to the Sun,
which absorbs energy as if it were a disc of
area R,
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(b)

(c)

(@)

So energy power absorbed = 14001R?

If we now calculate the power received per

unit area we get

1400 tR?
total area of the Earth

— 1400 tR? — 350Wm_2
4nR?

(i) Emissivity = power radiated by body
divided by power radiated by a black
body at the same temperature. From
the diagram, we see that power
radiated by atmosphere = 0.7 6T*.

A black body radiates 6T#, so emissivity
=0.7.

(i) Power radiated per unit area = 0.7 67 =
0.7 x 5.67 x 1078 x 2424=136Wm™?

(iii) Power in =245 + 136 = 381Wm™2
If in equilibrium, power in = power out
ol =381Wm™=

T.=—81__ 286K
=567 x 0% ~ 200

(i) Carbon dioxide molecules have a
natural frequency in the infrared region
of the electromagnetic spectrum, this
means that infrared radiation will cause
the molecule to oscillate and therefore
be absorbed. The temperature of
the Earth is such that the peak in
the electromagnetic spectrum is in
the infrared region so a lot of the
power radiated from the Earth will be
absorbed.

(ii) The Sun has a temperature of about
B6000K so radiates in the visible region,
which does not resonate with the CO,
molecules.

(iii) Burning fossil fuels produces CO,,.
Plants absorb CO,,.

The power emitted per unit surface area of
a black body is proportional to the fourth
power of its absolute temperature

P

P_sT
A ()

(b)

(c)

(d)

0] g = 6T" = 5.67 x 10 x 5800"

=6.4 x 107

A =4’ = 4w x (7x108)?
=6.16 x 108 m?
P=6.4x10"x6.16 x 10'®
=3.9 x 10%°W

(i) Atadistance of 1.5 x 10'""m, the power

has spread over a larger area, so
3.9 x 10%

ower per unitarea = —==-- ~—___
pOWerp A x (1.6 x 107

= 1400Wm=

(i) If average power absorbed per unit
area = 240\Wm= then
power in = 240 x area

(iv) power out = area x oT*

power in = power out

area x o7* = 240 x area

o7 =240Wm=

T=255K
The radiated radiation is in the infrared
region of the spectrum so is absorbed
by the CO, in the atmosphere. After
absorption, the molecules re-radiate in all
directions. A proportion of this returns to the
Earth; this increases the temperature. An
increase in the Earth’s temperature results
in more power radiated until equilibrium is
maintained.

Burning fossil fuels releases CO, into

the atmosphere, this increase in CO,
concentration leads to more absorption
of infrared radiation, enhancing the
greenhouse effect, resulting in more
radiation being re-radiated back to Earth.



3 litres of diesel contains 3 x 36 = 108 MJ of
energy

50% efficient so 54 MJ is converted to useful
work

Work done against air resistance:

work done = force x distance

=Fx 100 x 10°54 x 10°

=F x 100 x 10°

F=540N

This is the force at 50 kmh~', force when
stopped = ON

SO average force = % =270N

This gives an average acceleration
F

m
=0.27ms?
initial velocity = 50kmh™"=14ms™
assuming acceleration is constant v2 = u? + 2as
s00=142-2x0.27 x s

_ 196 _
3_70154 363m

Distance to Sun, R=1.5 x 10""m
radius of Moon, r=1.7 x 108m

power from Sun, P = 3.8 x 102°W
ID

power per unit area at Moon =

=1.34 x 10°Wm™2

albedo of Moon = 0.123, so power absorbed
per unit area = (1 —0.123) x 1.34 x 10°
=1.18 x 10°Wm™

power absorbed by the Moon =

1.18 x 10° x > = 1.07 x 10"W

power radiated = ecAT*

emissivity, € = 0.9

when equilibrium reached,

power in = power out

1.07 x 10" =0.9 x 5.67 x 10® x 4mr? x T*
T4=5.77 x 10°

T=276K

AnR?



2

(a) Velocity measured by B =8 + 0.5
=8.5ms"™

(b) On train C walks 20 x 0.5 =10m
() Measured by B, C walks 20 x 8.5 =170m

x=100m
t=4x107%s
v=2x10ms™
@ y=-——=1.34
J1-5)
(b) X" =vy(x—vi)
=134 x (100-2 x 108 x 4 x 1079

- 123.4m
’ 2.4
v =(t-Z)
- 5 2x10°x 100
—1.34><(4><10 a0 )
= 244 x107s

y=—1 =167
[(1-08)

Event 1

’ _ _ W

t=y(t-%)

5 08x0 )
=1.67><(4><106—(3X1X08>2)=6.68><1068
Event 2
t’=1.67x(4><10*6—%)=6.22x10*68

y=——1 __-14
[1-0.79

At=2s

At =yAt=1.4x2=28s

’Y: ; = 7.1
(1-0.99)

At =30s

A =yAt=7.1 x 30 =213s

a) Rocket observer uses same clock so

measures proper time = 2 years

b) y— 1 —167
(b) v oo)

At =yAt =1.7 x 2 = 3.8 years

1
Y= -——=14
[1-0.79
L=to— 2 _q43m
Y 14
y=—1 =71

[(1-0.99)
(@ d=vt=0.99x3x108x2x10%=5.94m
(b) A =yAt=71%x2x10%=14.2x%x 108

-1.42x107s
(©) d=vt'=0.99 x 3 x 10° x 1.42 x 107
=42.2m
2x10%ms™!
— —_—
42.2m

(d) Proper time is measured in nucleus frame
since the same clock can be used to
measure at the start and finish.

(e) Proper length is measured on Earth since
the start and finish do not move relative to
Earth.
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11

i 5 light hours X

y= 1 =1.67
(1-0.8)
(a) = g = i = 625 hOUrS
0.8
L 5 i
(b) =167 3 light hours
_d_3 _
(€ t= =58 3.75 hours
p
0.9¢ A 0.9¢
~ @
v=iog u=-08c
© v=09c
y = 0.9c¢-09c _ -18¢c _ _yggc

_1—%20.%7 1+0.81

s' s'
T
0.5¢ O.6c(%7
@ A

v=4=Y, y=05c;
-

v=-0.6c

r_ 05¢--0.6c _ 1.1 _
u= 1 - 05x-06c> ﬁc =0.85¢

C)
If meteor and ship are the other way round the

answer is -0.85c¢.

12

13

0.7¢ &
v=0.8c
»_ 07¢-08c __15 . _
u= 1--07cx08c 1,56C =-0.96¢
CZ
x=100m
t=4x10%s
X' =123.4m

t=-2.44 x 107s

(CtP —x% = (3 x 10° x 4 x 1092 — 1002
=-9.86 x 10°m?

(Ct)2 —x2 = (3 x 108 x —2.44 x 107)2 — 123.42
= -9.87 x 10°m?

T >
7 8
x (light years)

N
w
SN
i
o

X = 4 light years
t=6.5years
x" =1 light years
t' =5 years
y=-—1 =115
(1 -0.52)
X =yx-vi)=1.15x (4 -0.5 x 6.5)
= 0.86 light years



t=y(t- %) =1.15x (6.5-0.5 x 4) 16
C

_ t(years) +
=5.2 years A
S = (ct)? — (x)> = 4% — 6.52 = —26.3y? 8. /
S =(ct)? - (X =12 = 52 = -241y?
7 6
15
t(years) 6+ 5
A
5
8+ 4 p
4
7 3 7
34 6
61 5
2
: 2 4
x' 1 3
4] " 2
3 7 1
3 6 0 T T T T T T T >
0 1 2 3 4 5 6 7 8
) > x (light years)
27 4 At = 4 years
Nk ’ y=—2>1 =115
1 ? [1-05)
OO % é é All é é 7| SI; At’:yAt:1.15><3.5=4years
x (light years) 17
x, = 5 light years £ (years) .
=1 year A
x = 6.3 light years g 7
t =4 years
y=——1 =115 75 6
(1-05?)
6
X =yx-vt)=1.15x (x-0.5x 4) = 5 >
5 .
== 2: . | ht 54
X (1.15)+ 6.3 light years , )
t’:y(t—ﬂ)=1.15x(t—o.5x6.3)=1year 4
c? 3 7
t=(-1_)+3.15=4.0years 6
(1.15) " y 37 1
S=(ct) - x)?=4%-6.32=-23.7ly? ) 2 !
S = (ct)? - (X =12 - 52 = —241y? i g
1
1 2
1
0 T T T T T T T I;

T
0 1 172 3 443 5 6 7 8
x (light years)

length = 4.3 - 1.7 = 2.6 light years
L, =3 light years



t(years) t
A
g 7
7] light
6+ 5
54
4
4
3 7
3 6
5 5
24 4
3
1
14 2
1
0 T T T T T T T T ;
0 1 2 3 4 5 6 7 8
x (light years)
Note that the rocket is taken to be S and the
Earth S’

Signal arrives on Earth (t') 7 years after the
rocket launched. This is 8 years as measured
on the rocket.

Q 2 light years 0.5¢
-« —_—

05T
light years 2 light years
«— > >

< >

T light years

From the view of the rocket, the Earth moves
with velocity 0.5¢ as shown.

T light years = 0.5T light years + 2 light years

T =4 years

This is the time for the signal to reach Earth but
the signal was sent 4 years after launch so it
arrives 8 years after launch.

The Earth observer can measure both launch
and arrival of signal with the same clock, so this
is the proper time. T, = T=-8 -7 years after
launch. K °

Alternative method:

When rocket has travelled 4 years measured by
the rocket, the time for an Earth observer

=4 x1.15=4.6 years

Distance travelled by the rocket in this time

= 2.3 light years

Time for signal to arrive = time to point of
sending + time for signal to travel back

=46+ 2.3=7 years

This is the proper time, since it can be
measured with the same clock on Earth.

Time for rocket observer = yI =7 x 1.15

= 8 years

Maybe you are now convinced about space
time diagrams.

5 arrive

4 :
leave X

>
T T >

8 9 10
x (light years)

Rocket departs in June 2003 and arrives back
in January 2001.

If travelling at 2¢ the rocket arrival and departure
would be simultaneous.



20

21

22

1 which we 23
s
cannot do, even using complex numbers, since
it would give a complex answer and complex
time does not have a meaning.

Can’t check since y =

Ifv=0.8c
y=——1 =167

[(1-08)
m, = 100MeVc
Energy of particle = rest energy + KE
E=ymc?=1.67 x 100 = 167 MeV
but £ =m fc* + p°c?
= p°c®=E?-mjc* = 1672 -100° = 17889
pc = {17889 = 134MeV 24
p =134MeVc™
or
YM,V =1.67 x 100MeVc™? x 0.8¢
=134MeVc™

M, = 200MeV ¢ = rest energy = 200MeV 25
KE = 1GeV

(a) E =restenergy + KE = 1000 + 200
=1200MeV

E? =mc* + p°c?

p°c® = E? —m*c* = 1200° - 200°

= pc =1183MeV; p =1183MeVc!
(b) KE=(y-1)m,*= 1000 = (y - 1) 200
—:>v2=(1 —l)c2

- 6
CZ

v=0.986C
M, = 200MeVc 26
y=—— 1 =167

/(1 -0.8)
v=0.8c
(@ KE=(y-1)mec?=(1.67-1)150

=100.5MeV

(b) Total energy = rest energy + KE
=200 + 100.5 = 300.5MeV

(c) E?=mjc* +p°c?
p°c? = E? —m *c* = 400.5% - 2007
pc = 260; p =260MeVc

(@) E?=m/jc" +pc? m, = 938MeVc™

E2=9382 + 1507 p=150MeVc™
E =950MeV

(b) KE = total energy — rest energy = 950 — 938
=12MeV

(c) Accelerating pd = 12MV
d) E=ymc2=y=_E_ =950 _1013

v=0.16¢

KE of each electron = 1 MeV

Total energy = KE + rest energy
=2x1+2x05=3MeV

This is 1.5MeV each if the energy is shared
equally between them.

T MeVc™
2 MeV
VNN
T MeVc™

Momentum of photon = E —2MeVc
c

Horizontal component of momentum after
=2 x 1 xcos45°=1.41MeVc

So momentum of nucleus
=2-1.41=0.59MeVc!

0.0042 nm

_hc_ _6.63x10%x3x10° _(414MeV

E
nT A 1.6x107° x 0.003 x 10°
E = %C = 0.296 MeV

out

Energy transferred to the electron
=0.414 -0.296 = 0.118MeV



27 Photon energy = 14.4keV

=144 x10°x 1.6 x 1071°J = 2.3 x 1079J
E=hf=f=£E= 28x10" _348x10"Hz
h~ 6.63x10%
g:@zAf:ngh
c? c?
_ 348 x 108 x 9.8 x 22.6
(3 x 1097

Af =8.56 x 103Hz

28 (a) The rocket is an inertial frame of reference
s0 no different from a stationary frame; the
wavelength will be the same at each end.

(b) The rocket is accelerated; this is the same
as if it were in a gravitational field, as
shown:

As photon goes from A to B it will lose
energy and its wavelength will increase, so
its frequency decreases.

s C2
11 31
F‘)s _ 2 x 6.67(; 10108; 2 x 10 —29600m
=29.6 km.

At 60

30 (a) At =F_R = /1 29600 = 60.0009 s
a2 100
(b) At= _0_ =715s
_/1 —29600 ~  °
100

60

(c) At :\/m =84.3s
6 x 10

1

A was here when
Carmen struck match )

(a) Proper length and time are lengths and
times measured by an observer in a frame
of reference that is at rest relative to the
events being measured.

(b) (i) If Miguel sees the matches light

simultaneously then the light from

each strike must arrive to him at the
same time. But to Carmen, Miguel is
moving towards B so the light from

B has travelled a shorter distance, so

if the lights reach Miguel at the same

time, the match A must have been
struck first.

X AVAVA! X

B was here

Note: This is the other way round if the
events are simultaneous on the station
but not on the train.

(ii) Miguel is at rest relative to A and B so

L,=20m
Carmen is moving relative to A and B so
L
L=="0=y=2
Y7
_ 1 4 _ WP
V== F_1 c?
CZ
= —l
=u=c fl 7
u=0.87c

(iii) The measurements are different
because they are in different frames of
reference; there is no right and wrong.

Tends towards ¢ but doesn't pass

same at low speeds




3

(b) According to the principles of special
relativity it is not possible for the electron

to exceed the speed of light. This is
because the mass tends to go as velocity
approaches the speed of light so to reach ¢
would require o force.

(©

(@

(b)

(c)

At low speeds there is, however, no
difference between classical and relativistic
predictions.

pd=1.5x10°V

= gain in KE of electrons = 1.5MeV
velocity = 0.97¢

() Relativistic mass = ym,

1 1
where y = = = — =
2

Rest mass of e- = 0.5MeVc=

= Relativistic mass = 4.1 x 0.5
=2.1MeVc?

Easiest to work in MeV ¢
(i) Total E=mc?=2.1MeV
An inertial frame of reference is a co-

ordinate system covered in clocks within
which Newton’s laws of motion are obeyed.

In other words not accelerating.
I T =2D (distaﬂce)

o ¢ | velocity
D
C£

@i

(i) Distance F-R =vT
(iii) From Pythagoras:
path length = 2 x [(D? + L)?

YT

4

(@)

(b)

()

(d) @)

(iv) We know that observer E sees the light
travel from F to R in time T. Since the
speed of light is the same for all inertial
observers this must be a distance cT.

socT, =2 /DZ + ()
butD = CTTO socT =2 /(%To)? + (VTT)?

2T 2
squaring = ¢?T? = 4(% + g)

C?T? = C*T 2 + v?T?
(-T2 =cT2=T2= (CZ _2\/2 ) T2
C
- v
o= (1= )T

T
= T ==

According to special relativity, energy and
mass are equivalent (E = mc?) so the mass
of a body at rest can be converted into
energy; this is the rest mass energy.

When accelerated, a body gains KE so it
now has KE + rest mass energy; this is the
total energy of the body.

Total energy of B particle = 2.51 MeV

B particle is an electron so has rest mass
=0.511MeVc?

Total energy = mc? = ym c®
=251 =yx 0511 = y=4.91

(i) Ify=4.91then
37cm

>
o> mm
can find speed of B particles using

1= v=el ]

c?

v=c (1 - ﬁ) =0.979¢
(i) 0.979¢=0.979 x 3 x 108

=2.94 x 108ms™

distance = 0.37 m

v 294 x 108

From the B particle’s frame of reference,
the detector and source are moving.



(@)

(ii) The speed of the detector is the same
as the speed of the B particle as
measured in the laboratory reference
frame.

v=2.94x108ms™

(ii) In the frame of reference of the B
particle the distance from source to

detector is contracted

soL:i

v
L, = 37cm, the distance measured at
rest relative to the detector

L =37 —75cm

4.91
Postulate 1. The laws of physics are the
same for all inertial observers.

Postulate 2. The speed of light in a vacuum
is the same as measured by all inertial
observers.

(b) (i)

0.80¢

0.80c

‘@ ¢ -

@ ¢ -

0.80¢

Each spacecraft moves away from the
observer at 0.8¢; this is not greater
than c.

To find out how fast they move
from each other, we would have to

determine the velocity of A relative to B.

u-v
1-u
CZ

Let us measure the velocity of A from
the reference frame of B

(i) velocity transformis v’ =

0.80c

u — velocity of A measured by O =-0.8¢

v — velocity of B’s reference frame
relative to O = 0.8¢

6

,_ 08c+08c _

_ _ 16¢
1 - -0.8cx0.8¢ 1+ 0.64
c?

u" =0.98¢c

u

(@) A reference frame is a coordinate system

(b)

covered in clocks. It is used by an observer
to measure the time and position of an
event.

Classically the light coming from the lamp
will have velocity = c—v

like throwing something off the back of
a truck.

i

(c)

(d)

()

(@)

According to Maxwell’s theory the speed of
light doesn’t depend on the velocity of the

source so velocity = ¢

,_uU-v.,
u = cv’

Substitute u = ¢ to get

r_ C—V _
u = o

(i) Prop;:er time i; the time as measured by
an observer at rest relative to the event
being timed.

(i) T =T,
v=2

c

c-v _cle-v) _
1-%Y  c-v

T,=1.5us
T=3.0us

() The time to travel 52 light years at a

speed of 0.8¢ = (‘% = 65 years

(i) The Earth observer measures the
proper distance between Earth and the
planet distance measured by Amanda

= Lo _ 52 _ 34 2 jight years

(5)



(iii) Time to reach plenet according to

spacecraft is

81.2 light years _ 59 years
0.80c ,

so Amanda is 20 + 39 = 59 years old.

(b) If we take Amanda’s frame of reference,
Earth is moving away so the signal has to
travel an extra distance to get to Earth.

-
Q Earth

<

o 08X

planet@
@:- 0.80c
planet@

>
>

Q Earth

<
<

>

31.2 light years 0.8T light years

In the time T for the signal to get to
Earth the signal travelled 31.2 + 0.8T
light years

The signal travelled at the speed of light
so in T years light will have travelled T
light years

T=31.2+0.8T =156 years

8 (a) The Schwarzschild radius is the minimum
distance from the centre of a black hole that
light can escape.

(b) R,

() @)

(ii)

_2GM _ 2x6.7x10"" x 2 x 10¥
c? (8 x 1082

=3 x10'm

Clocks tick slowly near to large masses
so the oscillator near the large mass
will have a lower frequency than an
identical oscillator on the space station.

The time dilation equation is

Af = At

Ro_q_ (%)2
r At
where At, = 1 hour and At = 10 hours

R ~0.99
;

r=1.01R_, which means they would be
0.01 F%S from the event horizon.

—
= |m:U

9 (a) Particle A has only rest energy; KE =0
Particle B has rest energy + KE

(b) (i)

(i)

() (i)

(i)

Using the relativistic velocity

transformation
LU=V
u,= 1 - Uy

e
u_— velocity of body measured in S
u, - velocity of body measured in &

v — relative velocity of two frames of

reference

.+ _0.96¢c+0.96c _
U, = 14 0.96cx0.96c 0.999¢
CQ

Total energy = ym c*where

where y = ! !

e

The rest energy of a proton = 938 MeV
S0 total energy of proton in question
=3.57 x 938 = 3.35GeV

Total energy before collision
=2x3.35=6.7GeV

After collision energy = energy of proton
+ energy of neutron + energy of pion

If pion has 502 GeV (0.502 MeV) then
the proton and neutron will have
6.7 -0.502 =6.2GeV

using E? =m ¢ + p°c?
where E = total pion energy
pc = pion momentum

m,C? = pion rest energy
p%c? = 5022 -1402= 232400
p =482MeVc™

(d) The proton must have momentum in the
—x direction to balance the proton and
pion plus momentum in the —y direction to
balance the y momentum of the neutron.

nO

i

proton



Chapter 10

3

- Exercises
1 0.1

Im 0.2m 0.2m

Clockwise: W x 20
Anticlockwise: 3 x 20

Wx20=3x20
W =3N
Mass = 300g
0.1m
>
0.1m 0.5m L

Clockwise: 3.5 x L

Anticlockwise: 1 x 0.5 +2 x 0.1 =0.7Nm
35xL=07

L=02m

@ r

F marked is the force on the rock.

Force on crowbar acts in the opposite

direction so turns the bar anticlockwise.

500 x2=Fx0.1
F=10000N

(b)

Fx1.8=600x0.8
F=267N
(c)

paint tin lid

Again F is force acting on the lid; force on
the screwdriver is opposite.

50x30=Fx0.5

F=3000N
l\FA FBA
Tm
>
5m
[ [] ]
£7
A 800N 100N B

Take torques about B

Clockwise: F, x 5

Anticlockwise: 800 x 4 + 100 x 2.5
F,=690N

Vertical forces balance so F, + F, = 900N
F,=210N



N
A A
91m 0.4m L 0.4m O.1m‘
L
| v
\ 4
A 2N 8N B

Drawn at breaking point

Take torques about A
Clockwise: 2 x 0.4 + 8 x L
Anticlockwise: 6 x 0.8 = 4.8Nm
48=08+8xL

L=05m
Moved 0.1 m
F
0.5m 45
P R
[
1.5m
600N
Y

(a) Take torques about the wall
Txsin45°x25=600x1.5

T= 900
2.5 x sin45°
T=509N

(b) Horizontal forces are balanced

R = horizontal component of T
=509 x cos45° = 360N

(c) Vertical forces are balanced
T x sin45° + F = 600
F =240N

0.5m 450 . FT
1.5m
I
500N 100N
Y Y

(a) Take torques about the wall

Txsin45°x25=500x3+100x 1.5

__ 1650
2.5 x sin45°

T =933N
(b) Horizontal forces are balanced

R = horizontal component of T
= 933 cos45°

R = 660N

(c) Vertical forces are balanced
500 + 100 = 933 x sin 45° + F
F =600 - 660
F =-60N (downwards)

4m

It's a 3-4-5 triangle so height = 4m
Vertical forces are balanced, Rg = 200N



10

11

12

Take torques about the top

Clockwise: R, x 3 =200 x 3 =600Nm
Anticlockwise: F x 4 + 200 x 1.5

600 = 4F + 300

F=75N

Ladder is about to slip so

uxN=75

U x200=75

u=0.375

o,=6rads”

o=2rads?

t=5s

(@ a= v-u
v=u+at
®,=6+2x5=16rad s

b _ (v+ut

(b) s = ot

0= 7<‘6+26) x5 = 55 rad

Number of revolutions = %5 =8.75

T
0=2x
o, =5x2nrads”
o, =0rads”
(@) v2=u?+ 2as
a= M
2s
o = 0-(10np)
2 x 2n)
o =-25n = -78.54rads™
b) s = U+ vt
(b) 5= rvt
t= 2s :2X2n20.48
u+v) 10m
5m

13

14

15

(b) a=ar=25x04=1ms?

(@ ®=025x%x2r=0.5n=1.57rads™’

(b) redchidv=wmr=2x0.5r=n=23.14ms™
blue child v = wr = 0.5 x 0.5n = 0.251
=0.79ms™’

() F=mw’r
red child F = 20 x (0.5m)? x 2 = 98.7 N
blue child F =20 x (0.5m)? x 0.5 =24.7N

““‘llll [ 1] l...."'
L/

&
8
&
&
~
S
&
~
-
-
-
H
H
H
H
-
-
-
%
%
)
)
»,
*,
4,
%,
%,

%, o
“ Teny RLITTITT lll““““
2.5kg
I'=lo
I=mr?=2.5x 0.52 = 0.625kgm?

o=L=_20 _3orads?
I 0.625

l',"""““““‘“
2.5kg
o, =2nrads™
o, =0rads™

t=1s



(@

f_w\)

o = -2nrads™?

t
I=mr*=2.5 x 0.5% = 0.625kgm?

T = o= 0.625 x 21 = 3.93Nm
'=Fr
F=L-39 _785N

r 05

(This is just a spinning wheel; much more force
is required if the bike is being ridden.)

16 20N

o—= ¢

——C—————>€C——>
40cm 40cm 40cm

D e
40cm y
20N

I=Zmrr=2x0.82+2x 0.4 =1.6kgm?
TotalI' =20 x 0.4 + 20 x 0.8 =24Nm

I'=lo
o=L=24 _15rads?
/ 1.6
17 20N
ivot T
O—O
AN _ AU
80cm 40cm  40cm 120cm A7
20N
I=2mr?=2x0.8%+ 2 x 0.4? = 1.6kgm?
Total’'=-20 x 0.8 + 20 x 2 =24Nm
(clockwise)
I'=/x
o=L=24 _15rads?
/ 1.6
A couple has the same effect no matter where
it acts.
18 2kg
N

10N
@ /= %mr2:0.5 x 2 x 0.022 = 4 x 10*kgm?
[=Fr=10x0.02=02Nm

(b) Length of string=1m
Circumference of cylinder = 2nr = 0.126m
Number of revolutions = — _ = 7.96
0.126
(c) 6=7.96 x 2%

o, =0rads™

o =500rads™

02=0’+200=0+2x7.96 x2r x 500
=15920n

0, =224rads™

19

=l
Vion

|¢ |
15N ¢10N 15N

Take clockwise as positive since that is direction

of initial rotation

(@ T=-15x0.02+10x0.02=-0.1Nm
(minus sign means it’s acting anticlockwise)

(b) /= %mrQ =0.5x2x0.022 =4 x 10*kgm?

o= E = _01 = —250 I’ad 872
/ 4 x10*
() ,=100 x 2rnrads™
o, =0rads™
o =-250rads?
o= ((.l)f_ O‘)i)
t= (C‘)f_(l)‘) — (—20011:) =251s
o -250
20 5m

< >

200N

200 Nl

(@) Sum of torques = 200 x 5-200 x 2.5
= 500N m (anticlockwise)

) I=—1 _=__1 _ —167kgm?
3mL? 3 x20x5?
o=L =50 _3rags?
/ 167
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23

4m V:%
V5

g is less than $ so the hollow ball will have

QU

0.02m}

lower velocity when it reaches the bottom

(@) KE :15/0)2 (it will take more time)

= x MLz =8X% _ 4rgm? 24
centre 12 12
o=1x2n=2nrads™
5
KE =05 x 4 x (21 = 79J . 10°]
_ 1 o 3x4% _ 2
®) /g = §ML T3 T 16kgm (@) KE at bottom = PE at top = mgh
KE=0.5x 16 x (2m)? = 316J =0.5x10x0.05=0.25J
©) /= %/\/IrZ = 0.5 x 3 x 0.022 (b) since ball is solid
=6 x 10*kgm? V= /@
KE=0.5x6x10"x (27{)2 =0.85ms™!
=0.012J (c) sin10° =205
L
05k ““‘Illlllllll..""' — )
O e, L =0.29m
f’ '%,‘ (d) u=0ms"
_:': "-._ v=0.85ms"
o 0d5m__ % s =0.29m
: H s = U+
%, s t= (UQSV) - 0.68s
*, 4 +
""'0 “““
0y, ot
“uaggggan®® 25
=2 x 21 =4nrads™’
2 2 ! 0.4kg
I=mr?=0.5x 0.452 = 0.101 b
KE = Lw? = 0.5 x 0.101 x (4m2 = 8J y
) .2 ) o o 20m rads™
(This is just the spinning wheel.) 0.05m
/= %mrz =5 x 10“kgm?
y L=lo=5x10"x20n =7 x 1072
i m(\ =3.14 x 102kgm?s™
26 '
mgh = Imve + Liw?
2 2 107 rads™}
For a hollow sphere / = %mr2 w
. . v T
If no slipping ® = - | = %mrz =3 x 103kgm?
lmv2+l(3mr2><‘ﬁ)=lmv2+§mv2 L=lo=3x10°x 10n =3n x 107
2 23 rzl 2 6 =0.942kgm?s
mgh = %va
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lo=l, +1

body arms
%x60x 0.15% + 2 x 2 x 12 = 4.675kgm?
29
60kg
l,= §><60><O152+2><2><0252
=0.925kgm?
(©) o, =10,
4.675 x 21 = 0.925 x m,
o, =5.1 x 2nrads™
5.1 revolutions s™
(d) KE before = 1/0?=0.5 x 4.675 x (2r)?
2
=902.3J
1 30
KE after = E/2(1)22: 0.5 x 0.925 x (10.2m)?
=475J
(e) Work done pulling her arms in
31

wrads

1
(@ I = >

=1.125 x 102kgm?
0.1m 0.15m

mr2=0.5x1x0.152

(b) 1,=1.125 x 102 + mr®
=1.125x 102+ 0.1 x 0.12
= 1.225 x 102kgm?

(€) o, =,

_1.125xm _
2 1.225

[0) 0.92w =2.9rad s

@@ L=
I, =mr*=0.5 x 0.5 = 0.125kgm?
=Y= 2 _4rads”
r 05
L, =0.5kgm?s
(b) Lo, =0,
l,= r2—O5><022—OO2kgm2
0 L 25rads™

speed = 0,r = 5ms™

1 mole Ar = 40g

number of moles n = 19

100 moles = 2.5 moles
40

U= gnRT: 1.5 x 2.5 x 8.31 x 300 = 9.4kJ
Average KE = ngz 1.5 x 1.38 x 102 x 400
=8.28 x 102"



32 P -
V, =100 x 105 me
V, =50 x 10°m¢

(@)

(b)

(c)
(d)

()

100

70kPa

PV =nRT
_ PV, _ 70x10°x 100 x 10° _ 700K
' nR 0.01

T :PV2: 70 x 10° x 50 x 10°° = 350K

27 R 0.01
AU = %nRAT: 1.5 x 0.01 x 350 = 5.25

Work done = PAV =70 x 103 x 50 x 10
=3.5J

Q=AU+W

Work done by gas =-3.5J
Change in internal energy = -5.25J
Heat loss = 8.75J

50

T i T T
50 100 150 200 250
V (cm?)

P, =70 x 10°Pa
V, =150 x 105 me
P, =200 x 10°Pa

V,=

(@
(b)

(©)

50 x 10°m?

T=FPV _70x10°x 150 x 10° _ 1950K
nR 0.01

Work done = area under curve = 70 + 46
= 116 squares

Each square =10 x 10° x 10 x 10°=0.1J
Work done = 11.6J

Temperature is constant so no change in

internal energy
heat loss = work done on gas = 11.6J

100

50

GV

(b)

()
(d)
(e)

(f)

T T T
50 100 150 200 250
V (cm?)

5
Adiabatic so PV3 = constant

5 5
P1V13 :/32\/23
5
200 x 10%x (52 x 1073

5
=P, x (150 x 1093

P, = 34kPa

Close, given the difficulty in reproducing and
reading the graph.

Expansion, so the gas does work
Work is area under graph = 83 squares
As before, each square

=10x 10°x 10x 10°=0.1J

So the gas does work = 8.3J

T1=P1V1 — 200X103X52X1076:1040K
nR 0.01

T,= PV, _ 34x10°x 150 x 10° _ 519Kk
nR 0.01

AU = gnRAT: 1.5 x 0.01 x (510 — 1040)

=-7.95J
Q=AU+W=-7.95+83=0.35J

(This should be zero but is not, owing to
the difficulty in estimating the area under
the graph.)



35 (a) PA (c) Gas does work when it expands
200 kPa - D C Work done = area under red and black
cuves=A+B+C+D+E
Work done = 320J
100kPa 7 A B (d) Work done on gas when it is compressed
_ Work done = area under green and blue
Zsolcms 500ICm3 v cunves=A+B+C
() () % - FeVs _, 100x250 _ 100 x 500 Work done = 135J
T, Ty 300 Ty
(e) Networkdone=E+D=185J
T,=600K
iy P2V = PVe -, 100 x 500 _ 200 x 500 37
T, T, 600 T, .
T, = 1200K < 2007
Q.
(iii) P’ = Fo%o —, 200 x 500 _ 200 x 250
T, T, 1200 T, 150
T, = 600K
(c) Work done by gas from A = B = area under
graph 1007
=100 x 10° x 250 x 108 =25J
(d) Work done on gas from C = D = area 50
under graph
=200 x 10° x 250 x 10° = -50J ]
(e) Net work done by gas = -25J (25J of work 0 f I 1 I 1
0 50 100 150 200 250
done on gas) V (cm?)
36 P4 () Attop point PY = 150 10° x 35 x 10°
nR 0.01
= 525K
(b) At bottom point £Y = 20x 10° x 180 x 10°
nR 0.01
= 360K
1-T 360
> c) n= c=1-22=0.31(=0.3
> @ n=-— o =0.3)
Each area marked with a letter represents (d) Network = area enclosed = 14 squares
an energy: =14 x10x10°x 10x 10°%=1.4J
A-50J,B-45J,C-40J,D-35J, E-150J (e) Heat added = work done = area under
(@) Isothermal expansion isothermal expansion = 48 squares = 4.8J
_ W _14 _ -
Work done = area under red curve @ n= Q. 48 029 (=0.3)
=A+B+E
38 Entropy = AQ
Work done = 245 T
(b) Adiabatic compression 400K 250K
Work done = area under green curve = A 500 >

Work done = 50J
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Y|

Entropy lost by hot body = =500

@ G
=-1.25JK 400

+500

i) Ent ined by cold body =
(ii) Entropy gained by cold body 250

=+2 J/K

(b) Change in entropy = 2 + (-1.25)
=+0.75 J/kg

Lifting a load increases PE of load. Motor
transfers electrical energy to PE. PE of load is
more ordered than electrical energy in battery.
= Heat must be lost otherwise entropy would
be reduced.

1cmd 150 cm?

A 1x10%
b) P=L
() P="
The pressure in the fluid is the same
everywhere T 50
F=1500N

AT

Fg

. J
m = 60kg
p,=19.3 x 10%kgm®

V="=31%x10°m?
P
Mass of water displaced = Vp
=3.1x10%x1x10°=3.1kg
Buoyant force, F;= 31N
To lift ball T= W - F, =600 - 31 = 569N

42

43

(a) Volume of wood under water
=06x1x1=06m°

Mass of water displaced = Vp
=0.6 x 10°kg

Buoyant force = 6000N

Floating, so buoyant force = weight of wood
= 6000N

Mass of wood = 600kg
Density of wood = 600kgm™®

(b) If the cube is pushed under water, mass of
water displaced = Vp =1 x 10°kg

Upthrust = 10000N
10000N
A

vy,

6000 N
F+ 6000 =10000
F=4000N

If area of cube = A, then weight of water
displaced =L, x A xp xg
Weight of ice = (L, + L) x Ax p,x g



44

45

46

47

The ice is floating, so
LxAxp xg=(L,+L)xAxp xg

C,+L) p, 103

This means that 89% is under water.

00+
(D

Pressure at depth5m =FP_ _ + pgh
101 x 108+ 108 x 10 x 5 =151 x 10°
= 151kPa

Assume the temperature is constant
PV, =PV,

101 x 100 = 151 x V,

V,=67cm?

AV, =AV,
20x3x1=20x1 XV,
v,=3ms"

Volume flow is the same = 1.5
=7(0.25)" x v,
v,=7.6ms"

40cm

| ! vl

3cm 3mm

48

10

| Y Al

0.4

=0.1Tms™

v, = velocity of piston =
AV, =AYV,

7 x (0.03)2 x 0.1 =7 x (0.003)* x v
v,=10ms™

2

VZ
—
P, =500 kPa P,
r,=001m r,=0.03m

49

(@

(b)

(©

20m

(@)

(b)

(c)

Volume flow rate = A,v, = x (0.01)? x 3
=94 x10“més™

Using the continuity equation A,v, =A,v
nt x (0.01)? x 3 =7 x (0.03)* x v,

2

v,=(281) x 3= 033ms"

P, + %pvf +pgh, =P,+ %pvQ2 +pgh,
No change in height so

P, + %pw2 =P,+ %pvz2

500 x 10° + 0.5 x 10°® x 32

=P, + 0.5 x 10° x 0.33°

P, = (500 + 4.5 - 0.054) x 10° = 504.4 kPa

e

r,=0.015m
P, = 100kPa
v,=0.5ms

r,=0.005m

2
2

Volume flow rate = A,v, = m x (0.015)° x 0.5
=3.53 x 10*m3s™

Using continuity equation A,v, =A,v,

nt x (0.015)? x 0.5 = x (0.005 x v,

v, = (%)2 x0.5=45ms"

P, + %pv12+ pgh, :P2+%pv22+ pgh,
100 x 10+ 0.5 x 10° x 0.5% + 10° x 10 x 20
=P,+0.5x10°x 4.5

P,=(100 + 0.125 + 200 - 10.0125) x 10°
P, =290kPa



50

51

52

53

density of air = 1.3 kgm~

static pressure

/
\

stagnation pressure

NS

’
P,=-P,=p, 980 = Epavz

density of water = 1000 kgm

V:JZprAh :Jz x 1000 x 10X 0.08 _ py 5pyg-
Y 1.3

a

1
P,-P, = Epavz

600kmh~ = 600 x 1090 _ 166.7ms"
3600

AP =0.5x 1.3 x 166.72 = 18kPa

4cm

2cm

4cm?
1cm?

on- 37 -1

2 \A,
v1=/:5)J2Af1
A
A=
v, = /%:o.uﬁms*1

Volume flow rate = A,v, =4 x 10 x 0.163
=6.5x10°m3s™

Density of oil = 900kgm=
Density of steel = 8000kgm=
Viscosity of oil = 0.2Nsm™?

_2
Vt—§
=2
9

x % (p, - p)

x %éo%z (8000 — 900)

=1.97ms™

_9xy,xn

R T
=50 + 900

p, = 950kgm®

_ 9x05x02

P =5 tox008 20

55 R =YP
o
Turbulent if R, > 1000
_ 1000 x 0.002 —02ms

~ 0.01 x 1000
Volume flow rate = Av = T x (0.01)? x 0.2
=6.3x 10°m3s™

56
?; 25-

20

154

10 ~

5- T —

0 T T T T

0 1 2 3 4
time (s)

If f=0.5Hz, the time period =
Q=2n

1

— =25

0.5
energy stored

energy lost per cycle

=0.8

57

(@) Dis same length as A so resonance — this
implies a g phase difference.

11
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(b)

(GY)

(b)

()
(d)

(GY)

B is much shorter so driver has lower
frequency — it will be in phase.

F is much longer so driver has higher
frequency — it will have a &t phase difference.

C and E will be somewhere in between.

D has highest amplitude as it resonates with
the driver.

The conditions for equilibrium are that the
sum of the forces acting on the body are
zero and the sum of the torques about any
point is zero.

The forces must add to zero so the

resultant force must close the triangle of
forces as shown.

Torque about base = S x sin70° x 0.8

If in equilibrium torques about base are
balanced so

clockwise torque = anticlockwise torque
S xsin70° x 0.8 = F x sin10° x 0.5

F _ 0.8 xsin70° _

: 8.66 =9
S 0.5 xsin10°

The radius should be marked as 2m.
Moment of inertia =/, +/

1 disc child
=_—mr+mir?

2 d c
=05x60x22+40x 22
| = 280kgm?

P(x10°Pa)

(b)
(c)

(d)

()

P (10°Pa)

L =lw =280 x m = 880kgm?s~*

No external torques act so angular
momentum is conserved.

Initial angular momentum = final angular

momentum

Lo, =1,

l,=0.5x60 x 2% + 40 x 1= 160kgm?
_ [,

5 = 880 _550rads
I, 160

Rotational KE = %/m2

Initial KE = 0.5 x 880 x 72 = 1380
Final KE = 0.5 x 160 x 5.5% = 2420J
Change in KE = 2420 — 1380 = 1040J

The increase in KE is due to the work done
by the child pulling himself towards the

centre.
5A
44
3 a
Y
2A
& P < R
O T | | T
0 1 2 3 4 5 6
v (m3)

Work done compressing gas = area under line
=1x10°x3=3x10°J
The answer is C.

(a) Work done during cycle = area inside cycle
=2x10°x8=1.6x 10°J
3o Ay > B
2 A Y 2x 100
1A ”””” 5 : E
0 T T T
0 2 4 6 8 10

V(m?)



(b) 1.8 x 10°J thermal energy ejected

So the energy in must equal
work done + energy lost
=(1.6+18)x10°=3.4 x 10°J

Efficiency = Workout . 100%

energy in

= 1372 x 100% = 47%
(c) =~ Adiabatic are the steep ones.

isothermal
adiabatic
adiabatic
isothermal
v
(d) (i) Adiabatic expansion

Adiabatic compression
Isothermal expansion
Isothermal compression
(a) Isothermal — the temperature remains
constant but heat enters or leaves.

Adiabatic — no heat exchanged with
surroundings and temperature not constant.

(b) (i) P—7\_/ = constant
P=12x10°Pa

I

0.050m? T
Q=28x10°)

—

0.10m?

P is constant so when V increases T
must increase = not isothermal

Heat added = not adiabatic

.. not adiabatic or isothermal; it is
isobaric

(i) Work done on gas = PAV
=12x10°x0.05=6x 10°J

6

(@

(b)

()

(d)

(@)

(iii) According to first law of
thermodynamics

Q=AU+W=AU=Q-W

Gain in internal energy

= heat added — work done by gas
AU=8x102-6x 10°=2 x 10°J

() A — B the volume is getting less = gas
compressed so work is done on the

gas.

? st ¢ Acis on a higher jsotherm than B
2 so A — B temperature reduced.
Q.

4

3

A

2

48

0 T T T T T T

0 01 02 03 04 05 06

(ii) Temperature of gas goes down and
work is done on gas.

First law: Q = AU + W

If AU and W are both negative then Q is
negative = heat lost.

Work done from A = B = area under A-B =
1x10°x0.4=0.4x10%J

Total work done = area of ‘triangle” ABC
:%x4><105><0.4=0.8><105J

Useful work done = 8 x 10*J

Thermal energy supplied = 120kJ

— 12 x 10%J

Efficiency = Ysefulwork . 409 = 8 « 100
energy in 12

=67%

c. and d. are overestimates since the area is
a bit less than the area of the triangle.

Isothermal is not a steep as adiabatic
so AC - adiabatic
AB - isothermal

13
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(b)

(c)

(d)

7.0

6.0

pressure (10° Pa)

5.0

4.0

3.0

20 | . . A
1.0 2.0 3.0 4.0 5.0 6.0

volume (10 m?)
Net work done is area inside the cycle
Estimate by counting small squares ~ 150
Each squareis 0.1 x 10° x 0.1 x 10 =1J
so work done = 150J
Adiabatic = no exchange of heat = Q =0
First law states Q = AU + W

Heat added = increase in internal energy +
work done by gas

In this case Q =0

and W is negative since work is done on

gas
=0=AU-W
=AU=W

.. Internal energy increases
= Temperature increases

(@)

(b)

(c)

(@

(b)

Volume per second = Av =t x 0.02%2 x 0.5
=6.3x 10“*m3s™;

Using continuity equation

AV, =AV,

1t x 0.022x 0.5=mx 0.015% x V.,
v,=0.9ms™;

Using Bernoulli equation

P, + %pv12 +pgh, =P, + %pvz2 + pgh,;
300x 10°+ 0.5 x10°x 0.52+10°x 10 x O
=P,+05x10°x0.92+10°x 10 x 5

= P,=(300 + 0.125 - 0.405 - 50) x 10°
= 250kPa;

Using Bernoulli equation

P, + %pv12 +pgh, =P, + %pvz2 +pgh,
Assume difference in height is negligible
P, + %pv12 =P,+ %pvz2

P -P,= %p(v; -v?

=0.5 x 1.3 x (340% — 290?)

AP =2.05x 10*Pa

Upward force = AP x A = 2.05 x 10* x 90
=1.8 x 10°N



Chapter 11

25cm

Distance = focal length = 25cm

1 1_1
TR
1 1_1
AN
v=f1
2 T 30cm
<>
10cm
(@) u=30cm
f=10cm
1 1 1
UtV
1 1_1
30"V~ 10
i1_1_1_3-1_2
v 10 30 30 30
v=15cm
(b) Real
_v_15
(c) /\/I_U 30_05
3 u="7
v=20cm
f=5cm

5cm
T<—>
15cm
(@) u=5cm
v="
f=15cm
1 1_1
5tv=15
i1 _1_1-8__2
v 15 5 15 15
v=-7.5cm

(b)
()

Virtual (negative)

_v_75_
M—U—5 1.5

T 5m

(@)
(b)

5cm

u=5om

u=500cm
v="

v=5cm
1011
500 v .5

1 1 1 _100-1 _ 99

v 5 500 500 500

v=5.05cm
_Vv _505_
(c) M= 0= 500 0.01

(d)

If bush is 1 m then image is 0.01m.

20cm

(@

u=20cm
v="

f=5cm
1 11
20°v75



1_1_ 1 _4-1_23 9
v 5 20 20 20
v =6.67cm
_v_66_
(b) M_u_ 20 =0.33
7 (@ f=-0.83m
L1J: E;m 1 1_1 1 10
FTuTyIYTE Y
1.1 _1_-50-3_-58
v -03 56 15 1
v =-28.3cm 11
5m
A
50cm
(b) Linear magnification = ¥ = % - 0.057
So if object is 50cm as in diagram, image
will be 50 x 0.057 = 2.85cm which is about
the same as the diagram.
8 20cm 20cm 10cm
T image in first lens 12
40cm l 13
1st lens:
Object is 2f from lens so image distance will be
2f. Image is real.
2nd lens:
Image in 1st lens is object for 2nd but since rays
will not cross at this image/object it is taken to
be a virtual object.
u=-30cm
f=20cm
T Tgvest =11
7_u+vglvesv_f u
i1 1 _8+2
v 20 -30 60
v=12cm
Image is real.
14

400000
3500
3500 -
—400000—8.75><1O rad

< 25cm >
LY S ——
_ 1 3
oc_250_4><10 rad
! 77
SES
b 25cm i
5cm

u="
v=-25cm
f=5cm
1i_1_1
u 25 5
1_ 1,1 _5+1_6
u 5 25 25 25
u=416cm
_ 25 _ 25 _
M=1+ - =1+ z =6
u=24cm
_ 1. _
f_2r_1Ocm
1_ 1 1 _24-10
v 10 24 240
v=17.1cm (real)
M=Y =111 _ 071
Ty 24 T
0.71 =+

B



_v_10_
M_U_ 5 =2
h
°=h,
h =2x2=4cm

15

16

5 h,
h,=38.33x 2 =133cm

17

(a) For objective,u=1.5cm, f=1cm
1_1_1_1_1 _8-2_1

v f u 1 15 3 3
(b) For eyepiece, v =-25cm, f=5cm

1_1+1_5+1_6

— — =25 u=417cm

u 5 25 25

= =—-=Vv=3Ccm

18

19

20

(c) Tcm 5cm
3cm 4.17cm

Can be seen from diagram that distance
between lenses
=3+417cm=7.17cm

U v, AN
origina|+object f f
image in objective+
object for eyepiece
; 1cm 16cm 4cm
v final image
25cm
For the eyepiece:
f=4cm
v, =—-25cm (we know the image is virtual)
11 1_1_ 1 _26--4
u f v 4 25" 100
u,=3.45cm
For the objective:
v,=21-3.45=17.55cm
f=1cm
11 1_1_ 1 _17.55-1
u f v 1 1755 1755
u,=1.06cm
. P o 17.55
Linear magnification of objective lens = 06
=16.6 '
Linear magnification of eyepiece lens = 32%
=72 '
Overall angular magnification = 16.6 x 7.2
=120
_ 12201, 1.22x600 x 10° x 2 x 102
(@ d=—p—= 1% 102
=1.46 x 10°m
-6
(b) &, == so d=140x10%_g 4, 107m
n 1.8
100cm 10cm

—
—»—/

(@) Angular magnification = =90 10

(b) Distance between lenses =f +f =110cm




(c) Eyeringis the image of objective in eyepiece 24
< 110cm >
10cm
25
u=110cm
f=10cm
P11 11 _ 11
AN 110~ 110 26

v 10
v = 11cm from the eyepiece

21 50¢m f

P f
Angular magnification = =

:
10=99 ¢ —5cm
f, ¢ 27
22 ) 400000km R
3500ka <>
_ 35 _ .
0= 200 = 8.75 x 10°rad
23 6, 28
\ 1.7
) | : N
\ C E\\
\ : 18
5 n,
na:1
sinc = Dy
1
¢ =sin %) = §in1(0.94) = 71°

0,=90°-c=19°

Apply Snell’s law to light entering fibre:
sine,  n,
sing, n,

sing, =sin19° x 1.8
0,=36°

P,=1mW
(@) Attenuation = 10 log,, (P'”)

ID

out

P =0.1mW; A=10log,(10) = 10dB
(b) P, =02mW; A=10log,, (5)=7dB
(c) Pout =0.01mwW; A=10 Iog1O (100) = 20dB

(a) After 5km, attenuation =5 x 2 =10dB

(b) P, =1mwW
Attenuation = 1048 = 10 log,, (-]
=P  =01mwW out
I, = 0.1 KWm?
/= 0.8KWm?
X =4mm
(@ I=/e™

= log, (/L) =X
0

_1 o

=5 |Oge(/)
=56x 102

(b) x. = 069

1/2

=12.4mm
l,=0.5 kKWm-=

X =3mm
0.693

172
(b) I=1,e™=0.5x g00%xs

= 0.0625kWm

(@ pn= =0.693mm™"

o . 1 _ 40
(a) 40% reduction = =700 =€

0
X =6mm = 0.4 =enx6
l0g, (0.4) = —ux
_1
m= log, (0.4)
=0.153mm™"

0.693
(b) XT/2 = m = 45mm



29y, =22 —0.3850m

W = &23 - 0.198cm"!

muscle

3

Y

\4

fcm 10cm 1cm
->

«—S>—>

12.cm muscle:

;& — g = g0198x 12 — () 093
1

= 9.3%
2cm muscle and 10cm bone:

li = e*(}lme + MpXp) —
/2

=1.4%

e—(0.198>< 2+0.385x 10) — OO-] 4

30 Z=pc;formuscle Z= 1540 x 1060
=1.63 x 10° kgm=2s~"

forbone  Z=3780x 1900
=7.18 x 10° kgm=s~'
for fat Z =1480 x 900

=1.33 x 10° kgm=s~'

31 Greatest percentage reflection from greatest
difference in impedance, so bone and fat.

g0 b _ (L4 (7.18—1.68)2
I, \Z,+z] \718+163
=0.397
= 39.7%

33 (a)

0
Time (us)

Depth of organ can be found from 1st peak

Time for reflection = 60 us

Distance travelled = 60 x 10° x 1500
=0.09m =9cm

= Depth =4.5¢cm

(b) Time for reflection from far side of organ
=120us
Distance travelled = 120 x 10 x 1500
=18cm

= Depth =9cm
Thickness of organ =9 -4.5 =4.5¢cm

1 (a) (i) The point at which rays that are parallel
to the axis converge.

(i)

converging lens

principal axis

\\

/
\
(iii) The image is virtual since rays don’t
really cross.
(b) f=6.25cm
u=>5cm
5cm
<>
f 0.8cm
T B
6.25cm
) Usinglelolol, 1 1
() Using i+ =5=5%, =62

1 1

= V7625 5 5x625 3125
= Vv =-25cm

1_5-625_ -1.25

(i) Linear magnification = 5 = 25—5 =5
Soimage is 5 x object =5 x 0.8

=4.0cm



2 (a) First draw the red ray that goes through objective lens eyepiece lens

the centre of the lens, appearing to come b
from the virtual image at /,. Then draw the T o 00mm
dashed line parallel to the axis from the : : 5 2
. . <«
image at /, to the lens L,. Finally, draw the 20mm l
blue ray, which comes from the image at SAmm ¥ v
<>
I, and passes through the point in the lens u
determined by the dashed line. This ray wil b 240 g
cross the axis at the focal point. Using t=1,.1
. 9F=u*y
ih 111
; L L SuTEF Y
: where f = 60mm
i ? v =-240mm (negative since
; i virtual)
1_ 1 1 (4+1)
u~ 60 240 240
u= 240 _ 48 mm
5
(b) Magnification in objective = 5 = %
fication in evepicce < ¥ = 240
 J Magnification in eyepiece = 0= 48
P 120 _ 240
(b) () Objectis 1cm tall and /, is 2cm tall so Total magnification = 27= x 7= = 25
linear magnification = 2 4 (a) Ultrasound frequency 1MHz — 20MHz

(ii) Final image is 6¢cm tall so linear
magnification of eyepiece = g =3
(c) Total magnification =2 x 3 =6

You will just have to remember this. ®

(b) () Gelis applied to prevent the ultrasound
from being reflected when it passes

3 (a) () Using the lens formula 17 = 3 + 17 from air to body.
1_1_1 It does this by reducing the impedance
v fou difference.
where /.= 20mm Also makes the sensor slide more easily.
u=24mm .
1_1 1 _ (2420 _ 4 (i)
v 20 24 480 ~ 480 D
v =220 = 120mm i
(ii) We know the image is real because the
) = o ultrasound
value for v is positive; this is because trgnsminer —|:
the object is further than the focal and receiver
length from the convex lens. " '
e ) ) layer of fat 7 || ! ! | | layer of fat
(iii) First put the image and object for the and skin and skin
eyepiece onto the diagram (can’t do
this exactly but it helps to see their £2 A
positions). g5 B D

0 25 50 75 100 125 150 175 200 225 250 275 300
6 t (us)



5

Each time there is a change in tissue,
there is a reflection. The beam gets
weaker as it passes through more
tissue. When the beam passes out of
the body the reflection is greater, since
the change in impedance from tissue to
air is large.
D should be passing from body to air
not from organ to body.

(i) v=15x10°ms™’
The depth of the organ can be found
using peaks A and B.
Time for reflection = 50 - 35 = 15us
= time to get to organ = 7.5us
Depth of organ = 1.5 x 10° x 7.5 x 10°°
=1.1cm
If B is one side of the organ and C the
other, then time to pass from B to C to
Bis 50us
Time from Bto C = %us =25us
Thickness of organ
=15x10°x25x10°%=3.8cm

(c) B-scan gives a 3D image.
(d) Advantage: non-ionizing

Disadvantages: small depth penetration,
limit to size of objects that can be imaged,
blurring of images

(@) (i) AnX-ray picture shows up bones very

clearly since X-rays are absorbed more
by bone than soft tissue; this would
therefore be the best choice to view a
broken bone

(i) Itistoo dangerous to use X rays to
view a fetus so non-ionizing radiation
such as ultrasound is used.

(b) () The half thickness is the thickness of

the material required to reduce the
intensity of an X-ray beam to half of its
original intensity.

(a

(b)

(©)

(d)

(i) From graphx,, =4mm
/

0204
7 155
£ /
£
2
(T
~ 5_
- 4
0 T T T 9 T T
0 d 4 6 8 10 12
X1 x (mm)

(iii) 20% of 20=0.2x20=4
from the graph the thickness required

=9mm
(iv) Using I =/ e*where u = %
=0.087mm™

If 80% reduction then 20% gets
through

1 _ 20 _ o008
S0 =300 ¢

0

= 1In(0.2) =-0.087x = x = 18.5mm

The half thickness is the thickness of
material that will reduce the intensity of an
X-ray beam by 3.

The half thickness for bone is 11@ x the half
thickness for soft tissue

= 750

|
=

(7
s A
M |n_2) t%b
f

U, =y, x 150 =0.035 x 150 = 5.3cm™
i) I5=1e"

j_s — @ 00%5x5 — ().84

A
(i) /=1l

l

O

= 53x5 231 x 1072

—

B
Most of the X-rays pass through the soft
tissue but almost all are absorbed by the
bone; this means that a shadow of the
bone will be cast on a photo plate placed
under the leg.



7

@ (@)

(i)

b) Z=

() ()

(i)
(iii)

Ultrasound is sound that is higher
frequency than we can hear, over
20 kHz.

Ultrasound is produced by applying an
alternating voltage to a piezo-electric
crystal. This causes molecules to align
with the field, resulting in vibration.

pc =2800 x 1.5 x 10°

4.2 x 10%kgm=s~"

The different parts of the brain are all
made of the same material, so there
is no difference in impedance, so no
reflections.

e _(Z-4,\? _ (1.6>< 10° - 430\? _ 1
I, \Z,+2Z, 1.6 x 10° + 430

The previous answer shows that

from air to tissue almost all of the
ultrasound will be reflected. By placing
gel between the transmitter and tissue
the impedance difference is reduced,
resulting in less reflection.

(@ (@)

(ii)

The time between transmission and
reflection = 50us. This is the time to
reach the stomach and back, so the
time to the stomach = 25us
Distance = vt = 1600 x 25 x 10
=4.0cm

An A scan simply shows the distance
to the organ whereas a B scan gives an
image.



Chapter 12

1 light year = 9.46 x 10"™m

4 x10%km =4 x 10"®*m
4 x 10'®
9.46 x 10'®

Distance from Sun to Earth = 1.5 x 10""'m

_ 5. _d_15x10" _
c=8x10% t=9%=12° 0 = 500s

=8 min 20s

= 4.2 light years

Distance to nearest star = 4 x 10'%km

_g_4><1013_ 9
t—v— 30000 = 1.3 x 10° hours
=1.5 x 10° years

1pc = 3.26 light years = 3.26 x 9.46 x 10"m
Distance to nearest star

10° 15 _

306 % 9.46 x 10" =1.3pc

=4 x 10" x

4 x 10°km

3 x 10"
4 x10'®

1 arcsec = 4.8 x 10% rad
0 = 1.56 arcsec

0= =7.5x10%rad

2AU 0 E}

>
Tmm= 0..05 arcsec

2mm = 0.1 arcsec

photo T-and 2 photo Tand 3

1 telescope rotated 0.1 arcsec 6 months later

parallax angle = Oéﬂ = 0.025 arcsec

1
d=1=40pc
5 p

10%'m

1 =15x10"rad

1 arcsec = 4.8 x 10° rad

p=3.13 x 10 arcsec

(d=3.2x10%pc)

Photograph scale = 50mm arcsec so

Angle between 6 months

=2 p=6.26 x 10% arcsec

Distance on photograph = 50 x 6.26 x 10™°
=3.18 x 10°*mm. This is too small to measure.

p=15x

Meissa
Betelgeuse °
.

.
Bellatrix
Alnilam

Alnktak o—— Mintaka
nktak —@

.
Saiph °
Rigel

Estimate from size of spot on photograph:
Betelgeuse 1 (0.4)

Meissa 4 (3.5)

Bellatrix 2 (1.64)

Alnilam 3 (1.7)

Alnitak 3 (2)

Mintaka 3 (2.23)

Saiph 2 (2.09)

Rigel O (0)

actual values (from Wikipedia) in brackets

(@ L =3.839 x 10%W

d=15x10"m
— L — 3 -2
b= =136 x 10°Wm



10

11

12

(b) d=10pc =10 x 3.26 light years
=326 x9.46 x 10°m =3.1 x 10""m
b L 3.839 x 10%

T 4nc? T 4n(31 x 107
=3.2 x 10"°Wm2

(@ L =25L,=25x3.839 x 1020W

=9.6 x 10W
d = 8.61 light years = 8.61 x 9.46 x 10'°m
=8.1x10""m
o L __ 96x107
4nd? 4 x (8.1 x 10'9)?
=1.2x107"Wm=

(b) Brightness at 10pc

(10 x 3.26 x 9.46 x 10""m = 3.1 x 10"m)
9.6 x 10%

— — -9 —2
= mx @1 dorp - 9x 10T Wm
L=50x10°"W
b=1.4x10°Wm?
L
4P

L 5.0 x 1081
d= }7 = /7 =5.3x 10"
4nb At x 1.4 x 10° X m
1 light year = 9.46 x 10™m

53 % 109m = 23 x 10"
9.46 x 10

= 5.6 x 108 light years

r=31x10"m; T=2800K
A=4mP =12 x 10%m?

L = GAT* = 5.6 x 10 x 1.2 x 102 x 2800*
= 4.2 x 10°W

(@ A =400 x10°m

= 29x10° _ 555 103K

© 400 x 109
(b) Power/m? =coT*=5.67 x 10 x 7250*
=1.6 x 108Wm™=

13 spectral type
100, B A FG K, M 0
. 100-Ro , 10008, () _F
105 4 10 Roe oo, f Betelgeuse M2I® o " _g
Lo ® red gianss (II) F
100 *oes e. CassiopeiaeMJ|le, o -6
et gergiaM7I® £,
1004 1Re ® 2%, (mn
e F-2 o
) A L] . - o
0 *, Main sequence ) ‘21
= (Iv) g =
Z 10'H0.1R, a.Beta PictorisA5Ve. g Eridani K1V -2 3
o ~ o
£ c. Eta Arietis F5V- @, F4 =
5 100 % Sun (V) :6 %
107" 4 FE
0.01Ro v s Fg S
102 4 ° * white dwarfs b, 61 CyghfAKSY |
et (V) . m £ 10
102 40.001 R, e o : 12
104 red dwarfs | 14
40000 20000 10000 5000 2300
temperature (K)
14 (a) A, =400x10°m
2.9 x 108
k’max = T
29x10°
T=2="—— =7250K
400 x 10
(b) Difficult to find 7250 on scale since it is not
linear but gives ~ 1L
2100, 4
1<}
o .
= supergiants
510,
10°L,,
giants
1o :
main sequence O
102,
white dwarfs
» <
10L°O'B'A'F'G'K'l\/|"
30000K 7500K 5000K
10000K 6000K 3500K

spectral class
From HR diagram L ~ L
=3.84 x 10°°W

() b=0.5%x10""Wm=
L
"~ 4ma?

g [ 384x10%
4mx 0.5 x 1072

d=7.8 x10"™®m or 826 light years
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luminosity (L)

The spectral type of Beta Pictoris is A5V so
from the HR diagram

(@) L=10L,
(b) r=2R,
(c) T =8000K

:/L:/ 10Lo =6.86 x 10"m
4mb 4t x 6.5 x 10719

=22.2pc
L _ (M5 _
Lo WMol — 10
M =10% x M,
M=19M,
From figure, 20 days corresponds to a

luminosity of 6 x 10°L .

q= IL: 6 x 10° x 3.84 x 10%°
4nb

4t x 8 x 107°
d=490pc

=1.5x10"m

Mass of Beta Pictoris = 1 .9/\//®
At = (1.9)25 At =0.2 At

- /sz 10%0 _ —36x10%m
4nb 4 x 2.3 x 1078
= 1200Mpc
spectral type
106 O 1 B 1 A IF IG 1 K 1 M __10
. 100R, , 10008, () _F
105 4 10 Ree o ee [-8
ote ® red gian®s-(ll) £
100 @ BhiQrionis BOV $ot e E6
o ° : . .- 0. o. :_4
100 1R * 2%, (£
0% o 5—2 %)_
102 4 *, main sequence "o S
v ET &
10" 4 0.1 Ro 2 3
c, S
100 4 % Sun (V) 54 g
Fe @
-1 | C =
107 40,01 Ro V) 5. 5 S
102 4 ° * white dwarfs D W
PO () s, E10
107 40,001 Ro : ET2
10+ red dwarfs | 14
40000 20000 10000 5000 2300

temperature (K)

Luminosity of Phi Orionis is = 2 x 10* L
Lo (M) _ .
il vy M 2x10

M= (2 x 1049M_=17M,_

©
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This is greater than the Oppenheimer-Volkoff
limit (3M,) so Phi Orionis could become a
black hole

AL _ v
A c
A =434.0nm

AN = 479 8-434.0=45.8nm

_ A g, 45.8 _ 7 ot
V= cxk =3 x 1Ox434_3.17x10ms
k:4340' AL =481.0-434.0 =47.0nm
AA 8 — Tma-
V= ka =3x 1O><434 3.25 x 10'ms™!

It is further away since it is moving faster.

_ recessional velocity
0 separation

separation = reoessionHal velocity _ 17520 2.1 Mpc

0

recessional velocity = H x separation = 72 x 20
= 1440kms™

2
Pe =BG
=3 x

using H, in s™
(2.33 x 107182
8n x 6.7 x 107
=9.7 x 10%kgm™
Mass of one hydrogen atom = 1.7 x 102kg
so this is equivalent to about 6 atoms per mé.

29x10°
Xmax = W = 106mm
_29x10° _ .
max = 3000 9.7 x10"m
7= MigosAem _ 1.06 x 10°-9.7 x 107
em) 9.7 x 107
=1.09 x 10°
R, _ A _ 1.06x 107
obs) obs) — —
R(em) K(em) 9.7 x 10~ 1093
R =9.2x 10*

em = 1003 098

(@ () An alternative to temperature is spectral
class.
(i) An alternative to luminosity is absolute
magnitude.



luminosity (L)

(b)

A = Main sequence
B = Super red giant
C = White dwarf

D = Main sequence

spectral type

100, B LA LFG KM
° Y . ® o (l) ol
105 1 o o0 o o supergiants B R
Ao o red giants(ll) £
0: @ o 0o % . F -6
10 ° :‘. : : S%ee o [
° ® . NG F—4
103 o oW (I t
S . F-2 o
© e main sequence E g
102 . ) =
1 ¥ Sun F ;
10 o £ 2
10° v ftE
o
®c F6 2
,1 F
10 . URTIE FIE
1072 °  white dwarfs -f' . _F
..' ° ° . (V”) :c ..D E 10
10 . . g
104 . . Ired dwarfs £ 14
40000 20000 10000 5000 2300
temperature (K)
(c) Bis larger than A because even though B is

(d)

(e)

colder it gives out more power (luminosity)
L =cAT* soifL islarge and T is small,
A must be big.

From HR diagram, L, = 10°L
b,=7.0x10°%Wm=?
b,=14x10°Wm™>

d,=1.0AU
L=4nbd? = L,=4n x 7 x10° x d*?
Ly=4mx1.4x10°x1.0°

So Lg _ 4nx7x10%xdP
Lo  4mx1.4x10%x 1.0

— 106><1.4><1OS :1.4X 108AU
v 7 x10®

1pc=21x10°AU
1.4 x 108
d= 2.1 x 10°

=700pc

At 700pc, the parallax angle will be too
small to measure.

0~7x10°rad

o ——

1.4 x 108 AU

< >
< >

=108

(a) The parallax angle, p is the angle

subtended by a star to the Earth when the
Earth has moved a distance of 1AU (1 Earth
orbit radius). For practical reasons, the
angle is usually measured when the Earth

is either side of the Sun (times separated

by 6 months); this gives an angle 2p. This
angle is measured by measuring the angle
between the star and a very distant star, as
shown in the diagram.

distant star

1
S
n
=
=
o1
S
Al
2]
S
1

1

1

;

O

1 AU 1AU

(b) If parallax angle = 0.549 arc seconds then

distance d = 1/0.549 = 1.82 pc
=1.82 x 3.26 = 5.94 light years

(i) Apparent brightness is the radiant
power received per unit area at the

Eanh
(W) b= 4nd2
b, (L /And

b, _ (t/4ma)
b, ~ (L/4nd?)

L, _ba? _b, (%)2

[, bd? b, "\d

=26 x 10" x (56.94 x 6.3 x 10%?
=3.6x 10




luminosity (L)

3

(d) Barnard’s staris
(i) not hot enough to be a white dwarf
(ii) too small to be a red giant

(see position on HR diagram; Barnard’s

star is in fact a red dwarf)

spectral type

0 B A FG K M

106 1 1 - 10
5 100 Rs , 10008, () _F
5 | ) oo :_8
10° 4.1 R?:. *%e red g\am-s(|) o
oo e o 0 4% o ° :—6
10% 4 ..::.. .::':o o [
® . LN L —4
100 1Re  *2%, (a E
L L-2 o
T mai sequghce g
102 . E o
w [0 5
10" 40:1 Ro -2 3
- «
F4 =
10° % Sun (V) o =4
Fg ©
1 C =
102 4 ° * white dwarfs D P
e te (V) X ee, £1°
102 40.001 Re ° ":: : 12
10+ red dwarfs | 14
40000 20000 10000 5000 2300

temperature (K)

@ (@

Luminosity is the total power radiated
from a star.

(i) Apparent brightness is the power

received from a star per m? by an
observer on the Earth.

L = power radiated K ’ b= power recewed

4nr?

(b) A Cepheid variable has a change in
luminosity due to its change of size. When
it expands, its surface area increases, So it
radiates more energy, leading to increased
luminosity and hence brightness.

(c) (i) The brightness is greatest when the
star is biggest. So it is biggest at
2 days.

(i) The period of a Cepheid is related to its
luminosity, so if the period is measured
its luminosity can be calculated. If
the apparent brightness is measured,
we can then find its distance from
the Earth.

In this way the distance to distant
galaxies can be measured.

0O 1 2 3 4 5 6 7 8 9 10
time (days)

(d) () L=7.2x10®W

and from the graph

b=1.25x10"°Wm=
- L - | L

b= 4ma? =d= 4mb

- /7-2><—1029 — 214 x10"m
At x 1.25 x 1071

A standard candle is an object of
known luminosity; it can be used to
calculate distance by measuring its
brightness. Since the luminosities of the
Cepheid variables are known, they can
be used as standard candles.

(ii)

(@ We know that the Universe is expanding
and that all particles of matter are attracted
to each other by gravity. This means that
the rate of expansion is getting less. The
rate at which the expansion is slowing down
depends on the density of the Universe. If
very dense, it will stop expanding and start
to collapse. If not very dense, it will keep on
expanding forever. The critical density is the
density beyond which the Universe will stop
expanding

o) () p,= 3% (2.7 x 107182

811:G 8n x 6.7 x 107"
=1.3x 10%kgm=




luminosity

(i) A nucleon has mass = 1.7 x 10" kg 6 (a)
: 5 1.3x10%
SO number in 1Tm?3 = 17107
=7.7~8perm?

(b)

(c)

temperature

(b) The amount of power radiated per m?

depends on the temperature of the star.

(5 =om

So the total power emitted depends on the
size and the temperature.

As a star grows, it has a bigger surface area
SO can give out more power even though it
is cooler.

The peak in the CMBR occurs at about
1.07mm so using Wien’s law we can
calculate the temperature

_ 29x10° _
T= 1.07 x 10 =2.7K

This radiation is the same in all directions
(on a large scale) and has the same
spectrum as the radiation from a black
body. This is the same type of radiation that
would have filled the Universe soon after
the Big Bang. At this time the wavelength
would have been much shorter but it

has expanded as the space it is in has
expanded.

The fact that light from all distant galaxies

is red-shifted implies that they are moving
away from us. If space is expanding it must
have been smaller in the past. This supports
the idea that the Universe began with a Big
Bang.



