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PHYSICS 2

Structure of this paper

Section
Number of
questions
available

Number of 
questions to 
be answered

Suggested 
working time 

(minutes)

Marks
available

Percentage of 
examination

Section One
Short response 12 12 50 53 30

Section Two 
Problem-solving 7 7 90 92 50

Section Three 
Comprehension 2 2 40 39 20

Total 100

Instructions to candidates

1. The rules for the conduct of the Western Australian external examinations are detailed in 
the Year 12 Information Handbook 2020: Part II Examinations. Sitting this examination 
implies that you agree to abide by these rules.

2. Write your answers in this Question/Answer booklet preferably using a blue/black pen.
Do not use erasable or gel pens.

3. You must be careful to confine your answers to the specific questions asked and to follow 
any instructions that are specific to a particular question.

4. When calculating or estimating answers, show all your working clearly. Your working 
should be in sufficient detail to allow your answers to be checked readily and for marks to 
be awarded for reasoning.

In calculations, give final answers to three significant figures and include appropriate 
units where applicable.

In estimates, give final answers to a maximum of two significant figures and include 
appropriate units where applicable.

5. Supplementary pages for planning/continuing your answers to questions are provided at 
the end of this Question/Answer booklet. If you use these pages to continue an answer, 
indicate at the original answer where the answer is continued, i.e. give the page number.

6. The Formulae and Data booklet is not to be handed in with your Question/Answer 
booklet.

See next page
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3 PHYSICS

This section has 12 questions. Answer all questions. Write your answers in the spaces provided.

When calculating numerical answers, show your working or reasoning clearly. Give final answers 
to three significant figures and include appropriate units where applicable.

When estimating numerical answers, show your working or reasoning clearly. Give final answers 
to a maximum of two significant figures and include appropriate units where applicable.

Supplementary pages for planning/continuing your answers to questions are provided at the end 
of this Question/Answer booklet. If you use these pages to continue an answer, indicate at the 
original answer where the answer is continued, i.e. give the page number.

Suggested working time: 50 minutes.

Section One: Short response 30% (53 Marks)

See next page 089598



PHYSICS 4

A ball is launched vertically into the air with an initial velocity at t = 0 from ground level (s = 0) 
and returns to ground level. It takes four seconds for it to reach its maximum height. Taking 
upwards as positive, graph the ball’s displacement, velocity and acceleration versus time from 
take-off to landing. Ignore air resistance and do not place any values on the y-axis.

Question 1 (3 marks)

Displacement (s) versus Time (t)
s (m)

Velocity (v) versus Time (/)
v (m s~])

Acceleration (a) versus Time (t)
a (m s~2)

A

0
2

y

^ / (S)

See next page

DO
 N

O
T W

R
IT

E I
N

 TH
IS

 A
R

EA
 A

S I
T 

W
IL

L 
B

E C
U

T 
O

FF



D
O N

O
T W

R
ITE IN TH

IS A
R

EA
 A

S IT W
ILL B

E C
U

T O
FF

5 PHYSICS

Question 2 (3 marks)

Calculate the speed of an electron with a de Broglie wavelength of 1.23 nm.

> - l-ZZ> yc
_«sl

\ •/U'V > -
h3'1\3s- K-\ \/

^ =- ^7 II * 0-z’ W \/ —
-J

W - ^ '0'3H

C<\ '' * .o-*-Yi

v/ . Q.-*t \Ltb * 'O6

€ '1ZxlO?

Question 3 (4 marks)

A 10.0 watt monochromatic LED radiates light with a wavelength of 525 nm. How many photons 
does it emit per second? Assume all the energy is converted to light.

C = UVO cO
c. ^ ^

c 7

I: - t s

Uv ' b &>2>>ci O C!Ss-.

•C t

- p e 5 p _t

= Lio oY 13

(i= (£>3.* iQ'*** Y~2-QOf iO®'}

- E>o-P>

(P 7&8^7x

^ * icP

Answer: 2-M r iCp photons per second

See next page 089598



PHYSICS 6

Question 4
Ac

u- v

o w
\ 1

(4 marks)

In a Physics experiment, a group of students run a DC current upwards through a 3.5 m long 
vertical wire.

(a) Calculate the magnetic field strength 25,1 cm from the vertical wire carryinq a current
of 2.78 A. (3 marks)

r~ p ZC.-U iO ? -v

I 2-7S A 2H C

/^o = ^TT aiCT"7 <vl A'2- = * to'"'? C2 7&^

£> * T ix'o'^

S - - 'O'6

2 -Z2-_y_ I T

(b) Looking from above, which of the following diagrams shows the magnetic field around the 
wire correctly? (1 mark)

A
See next page
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7 PHYSICS

Emma stands 20.0 cm from the end of a 5.20 m long uniform diving board. Calculate the 
upwards force the support must exert on the 50.0 kg board for the system to remain in 
equilibrium.

Emma

Question 5 (4 marks)

= GO O ^ s &Q)Cz kP) Hr (jjO-Q x

( 2-oo)

— i ■ GI~~7^ < io ”*

(o ^ St • O N

Question 6 (4 marks)

Calculate the electric field strength 2.25 x 10~3 m from a point charge of 4.00 x 10~18 C.

\O 5 G 2- G >fiO ^

y ^ £

E- 7

‘ ^O'11 p

V ATT £,

t - J C^'0° * kC) Zl?)>
- \ A TV (.S>'£Q>HiO'l2)t2^>uO 

£ ' “7- !04(o /c , o'3

r. to ^io * N C'1

See next page 089598



PHYSICS 8

Students in a physics laboratory launch plastic discs across an aluminium air table. Air is blown 
vertically through small holes in the surface of the table, allowing the discs to float above the 
surface as they move. This is a nearly frictionless environment and the discs barely slow down 
as they cross the table. The students then attach a small but strong magnet on top of a disc and 
repeat the experiment. The disc slows down quite quickly, even though there is still no contact 
between it and the table.

Question 7 (5 marks)

(a)

(b)

Explain why the disc with the magnet slows down quickly. (4 marks)
TLe. I V eft <r C C

ILcl

iLr

tZAS'.er-' I'd- o S~ (— isJ ‘ 4L tu

^ c_>1 jp pLi&ht. XlOL
^ / A f f /

rcri^-GL OAs'<r~

U

4.
t«i«r s- 4 4U

I t'V U <5C IVlAWJt
XJ

i u>:l\ 4^0

4 c A4U 44
,5>cUic ^4^*4 ^^£> 4-q. .

* 4 A4 L<AjXl/^4 OvJ-tIA ©Cs^O^,

The students deduce that the retarding force on the disc with the magnet is proportional & 
to the speed of the disc. Which set of velocity and acceleration versus time graphs below 
best describe the motion of the disk with the magnet? (1 mark)^0^*^

£> p»£i 0<£ C 4\C> W^oAc

4 tu

See next page
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9 PHYSICS

Question 8 (5 marks)

Q

The diagram above shows that when monochromatic coherent light is shone through two narrow 
slits onto a screen, light and dark fringes appear on the screen.

(a) What property of light causes this to happen? Circle your answer. (1 mark)

Particle Massless

(b) Explain how both the light and dark fringes are formed. (4 marks)
• \iMr r„ tv *Lu jS-i '-t'A ^Uja IrAl

ToLi. " _____ '___Z!
/

<Z£r''\ C i ^ u C^Kt -*-C ( Cr Cc

. ^ C_
CJ

<occ is p <£?

• t >-^1^ C-___oCC'-rr- Lg^-e Cer»-vC^i^ & 0+cC-i  ̂, (^C

k W te C. i^v - f'- * £r

^.Q ■VL^x’i 4L^5l £ Q^~ -gO .1, <gc«A<g^ Wz» ^ S<L

£/ c.'
* ^ Cl. r ^xc^r~ $'4 - \xAifjr ^

OCC^rr F-

(j£_

, &
\ <x--C_ 'feO £>oV ^

i A I^\j2_ ,(6^v%. |^( i tu<?0 £>£ vo ^ £_ 4-0 *4o

See next page 089598



PHYSICS 10

Question 9

The Lorentz transformation equation for total relativistic energy states

me-

(4 marks)

This can be simplified to E = ymc2 where

With reference to the graph of y vs /? (v/c) and the equation for relativistic energy, explain why it 
is impossible for any particle with mass to achieve the speed of light.

y vs fi

P

>L UL+ s ^ C"•Uj. O
rr

r
c\ __ v ' c:i W.T M

' ' ^ •' U ,X.:lIt y’ A> £ ir <3

4o-u
fr

• tL;

/. M *—^ ( i

-W 4L«^ 4Ll ~F4^ l ^"*v\ ^ ~ J, v-----

r \ JJ K
________ ___ _____________ _

_____  ^ \ A- 4LA >4

■A L 4L^> A »4 u>4 '1 ^ W^£?S1^ ^\J<Z

Loj? «"<? $, 4L 4^“-c>- r~<-c^4~c c.c

*" <4-^. l^>oo {A. s, ~ c1
- - ■!) "fr 

i £ \ vVv £■»$> 1 s* l

t<^*41 u

See next page
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11 PHYSICS

Question 10 (6 marks)

A golfer hits a ball at 37.0 m s'1 at 31.0° to the horizontal on a flat fairway. It travels 123 m. She 
wants to hit a target 135 m away, so she increases the angle at which she hits the ball, without 
changing the launch speed. Calculate the smallest increase of angle that allows her to reach the 
target. (Hint: 2sinf9cos(9 = sin20)

j A/pi O
V

LKf 3>7-£) ^>(9 A (i <3 w

V- - m o *;
t -

t

/TVF -0 ' ~ <- *r ~v3T

6 - 63S

Our tTO
~X7- O &

4
Srr “W + - V3

O = (sn-o , C-^o)(o^S"

^ (i7'0

2 ^ 60 c€ c 09 - 3-&oY'3.&S

t p’d)1
- o=(fe4»sn8&

- TO- IOS

& ~
h & - 2,TS'S2-<4. - 3.1-0

to -- 6'Sszq,

&•£>£>*

See next page 089598



PHYSICS 12

Question 11 (6 marks)

Jake is lifting two books of mass 1.00 kg and 2.00 kg respectively. The lighter book sits on top of 
the heavier book, and each of Jake’s hands exerts a vertical force of 16.2 N on the lower book, 
as shown in the diagram.

1.00 kg

2.00 kg

j

16.2 N

L i

16.2 N

(a) What is the magnitude of the acceleration of the books? (3 marks)

'T f\ f1 _ TO TZ1 ' ' - ^

'v Fx - 22'q o
^ 0 t

- (I'OoY; T '

= - 2.-0^ /3

W\

c (S ■ O

( 3 »)
Otrr 5 + ^ = l 'OO

= 3- OO <0

✓n ^ 3-00 I: QO m s~

(b) What is the magnitude of the force that the 2.00 kg book exerts on the 1.00 kg book
during this acceleration? (3 marks)

-V

l- ' ?

Y'M. -c

-

\ • O o

\-OO

Y ~ ^
z ( \-oo i' oo} 

- \ c>0

l OO N

See next page
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13 PHYSICS

Question 12 (5 marks)

Exchange particles (gauge bosons) mediate interactions between elementary particles such 
as quarks and leptons. The gauge bosons (see the Formulae and Data Booklet) have different 
fundamental properties.

(a) Choose the appropriate combination of relevant fundamental force and property from 
the table below that corresponds to the gauge bosons listed. Place the number of your 
choice in the spaces provided. (4 marks)

Number Fundamental forces Properties

1 strong nuclear massless

2 strong nuclear has mass i
3 weak nuclear massless

4 weak nuclear has mass
ill

5 electromagnetic massless Is

6 electromagnetic has mass

Gluon Answer:

Photon Answer:

Z Boson Answer:

W Boson Answer:

(b) Which of the fundamental forces below has the longest range of interaction? (1 mark)

i. weak nuclear
ii. electromagnetic
iii. strong nuclear

Answer:__ ] \ g-leci^-o i> i

End of Section One

See next page 089598



PHYSICS 14

This section has seven questions. Answer all questions. Write your answers in the spaces 
provided.

When calculating numerical answers, show your working or reasoning clearly. Give final answers 
to three significant figures and include appropriate units where applicable.

When estimating numerical answers, show your working or reasoning clearly. Give final answers 
to a maximum of two significant figures and include appropriate units where applicable.

Supplementary pages for planning/continuing your answers to questions are provided at the end 
of this Question/Answer booklet. If you use these pages to continue an answer, indicate at the 
original answer where the answer is continued, i.e. give the page number.

Suggested working time: 90 minutes.

Section Two: Problem-solving 50% (92 Marks)

Question 13 (10 marks)

In an experiment to measure the charge of an electron, a student creates many tiny oil drops 
and allows some to enter the space between two horizontal plates that are connected to a 
variable voltage supply. A diagram of the apparatus is shown below.

Voltage supply

Initially there is no potential difference between the plates and the student chooses an oil drop 
and, using a microscope, watches as it slowly falls, measuring its speed. The student determines 
that the speed is constant at 0.0313 mm s-1.

(a) On the grid below, draw a. frae body diagram showing all the forces acting on the oil drop 
as it falls. (2 marks)

See next page
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15 PHYSICS

Using the speed of the oil drop and other known quantities the student calculates the mass of 
the oil drop as 6.88 * 10~16 kg. The oil drop is exposed briefly to radiation and it captures one or 
more electrons and hence becomes negatively charged.

The student turns on the voltage supply and adjusts the potential difference between the upper 
and lower plates until the oil drop stops moving. The potential difference at this point is 346 V.

(b) Name the two forces now acting on the oil drop. 

One: ___ ______ ____________

Two: £.I< c \'-o i c c-£

(2 marks)

T
x*

(c) If the plate separation is 7.71 mm, what is the electric field strength experienced by the
oi! drop? _ ^ (2 marks)
AV =, V V

A ^ 7-7 \ b'OA ^ 'Oh V nr

u' f, j # 7
_ 7

C7'7l«\0'Z^>
& (d) Calculate the electric charge of the oil drop. ^ v^ ^ oC (3 marks)

>-C ^£:>o ^ co -ML

A * -& &&.
,y /\ - ^4 ■1 ' ^ ~7 A

^£-o2A2,*.o'",
\ £>0< iO'11 c

The student repeats this procedure several times for different oil drops (possibly carrying 
different numbers of electrons), and calculates the charge for each drop.

O C-A tfA I \ X~<2i- ’£+-vg.£l,

- \ c

ccX \ ■rv-t
€>(■ { ’ yrtt?''*1

(e) Solely on the basis of this data, what does the student estimate the electron charge is
most likely to be? (1 mark)

Answer: ! <£0^{v q

Trial number Charge (*10-19C)
1 5.99
2 2.99 - 3
3 4.49
4 7.53 - 7 C
5 3.01 'V X
6 7.50 ~ 7 C,

See next page 089598



PHYSICS 16

Muons and anti-muons are unstable, with the decay process producing three particles. When an 
anti-muon (//) decays, one of these particles is an electron neutrino (ve).

(a) Complete the table below and use your answers to identify the missing particle X.
(3 marks)

Question 14 (15 marks)

u. = X + v + v
r e m

Reaction A = X V
e

V
a

Conservation of electron charge +1 = + \ 0 0

Conservation of Lepton number -1 = - t + 1 -1

Particle X:___

Muons created in the upper atmosphere (approximately 10 km above the Earth’s surface) are 
secondary products from highly-energetic cosmic ray interactions with nuclei of atmospheric 
particles. In their own frame, muons have a mean lifetime of 2.20 x 10"6s, with some lasting for 
up to 3.0 x 10'6s.

The speed of muons from cosmic rays entering the Earth’s atmosphere moving in the direction 
of the observer on the Earth is in the range of 2.960 x 108 - 2.997 x 108 m s_1.
(Ignore the effect of the Earth’s magnetic field on the muons when answering the following 
questions.)

(b) Use non-relativistic physics to calculate the mean distance muons moving at
2.991 x 108 m s_1 could travel. (2 marks)

At = 2. ^0 * (O'4, ^ \40

____  f'Y^TxtU m
c 7 - T7W-Ioz r»

(c) (i) Calculate the mean lifetime of muons travelling at 0.997c as observed from the
Earth. (2 marks)

b* ....
2'COx icT4s J \

. ~ k- (.2^0
t>v= T -— __ ^

J i - 0 ■ ^ X lO s

(ii) What is the actual mean distance travelled by such muons through the
atmosphere as observed from the Earth? (2 marks)

L - S..3Sen I c,

v ' £><9^7 c rr 2£^ \ \ > '*0 ’

C - CO *r<0& ^ ' ' - 1-00^7^0" . \
? i Ooq7-<0' ------ km

See next page
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17 PHYSICS

(d) Using information from the question, explain why a small number of muons reach the 
Earth. (2 marks)

lT*U rt- •VL-O
(2 e>- t C

a ?.

LU=L
i-U

( eJ~ 4l.~.c

t-^v f' __IcvU^C^T ,
uQ - 14. bsStsA-t 1 ^XrV' ,

4lv£.__J-' 4. Cv»v ££ C (>- w. wM? I«t iA4? I v IO ’ O
uo ■ ^ 4e mJcrny. 4;Lv«A |c

(e) With the use of a calculation, explain why these muons reach the Earth from the 'flu
perspective of the muons.

i o * i o wv

L ^ 9

v ~ 0-^1 c 

C - !L-OC*\'d'h ^S-~x

L = L, s,Z
CO

"A

(4 marks) ^«.va

t£c> Tlx f

oU,.
u - rv^o-

U : 7- 7^0 \ ~ VO7 -A

'i’ll

> -~L c vy

T

Cw = (7-740\ *'0*5 
(o •cnT^s«’0®> 

~ 20 £875 *■ (O

* ^ io^ <; .

"V 4v"i 4- \ £_ C- 4< t'vve 44v/i^ 4C^

'^4?CC^\ U.W ^ ^ vj>^> K"\

-12^ 'UaC 4^ 'lc^t -l6v_C.

(fC^-X 4> v>^'4 4La,cl <^r>^U*^W
A* &( 4U^ A^v. .

See next page 089598



PHYSICS 18

Question 15 (12 marks)

Two spaceships, captained by Adhita and Harper, are travelling toward each other. They are 
observed by a person on the Earth to be travelling at the velocities shown in the diagram. Take 
all velocities to the left as positive.

^Earth^j
<T

0.750c

A-3?
(a) Calculate the velocity of Harper as measured by Adhita.

r ° CL

= - 0 -7^0 ^ 
ca'

u1 - la ~ \y
VIA

7 = C-0-7tOc)-(^0' $>00

f I - (o cooX© TSC3X>

= (r c>>

(4 marks)
-- is

o

- ©

(b)

—

^'~z?
V.

LA

( I ■

Harper fires a missile with a velocity of 0.600c with respect to her in the direction of 
Adhita. Calculate the velocity of the missile as measured by an observer on the Earth.

-o-LoC c

la r V v c-v

l 4 ^

(4 marks)

<-A. 7

v,

LA ^ r ? - ^ Co -fcoOc\
C ( +- C~£> '79.oXr&'(*00)

- - l_3SOc

o

— ■+

l ■ 4 5>D>

(c) Calculate the velocity of the missile as measured by Adhita.

LL - la - \y_______
- 0-Qoc> C , _ jaY

C*

(" ' - C-o-^ozXo ^ooy

©_5 3. \

(4 marks)

-erl

m

-(9^3101 c

r - 1-^43 \ c.

--O' 'TYCa'T
See next page
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19 PHYSICS

Question 16 (12 marks)

A group of physics students made a simple AC generator in class. It had 150 turns of wire in the 
6.00 cm wide square coil and was placed in a magnetic field of strength 1.85 x 102 mT. They 
connected the handle to a motor which rotated it at 240 rpm and used the electricity produced to 
power a light globe.

(a) Calculate the maximum EMF produced by the generator. (5 marks)

L - fo 'OC> •<\c>'2 -v
-- an M &.A J

u} - & VO * *0"

^ > i * * to t
{- - 2^0 ^

4 - k-oc Ms.

-2

- 2- Si074,

Z>S

(b) Calculate the RMS voltage produced.

V

(1 mark)

F f.v'— C vaa. £.

o

C 2-Sicr7fcT) 

cT
I -77C3g>

•7 & v

See next page 089598



PHYSICS 20

The students removed the motor and turned the handle themselves, maintaining a constant 
speed of rotation. They noticed that the force required to turn it varied as the coil rotated. They 
also noticed that the light bulb glowed brightest when the force required was greatest and went 
out when the force required was virtually zero.

Question 16 (continued)

(c) (i)

(ii)

y 'C - ^ A-C> TA

C- .v

i-f t V <eA\ € l it

c*\k

Explain why the force required varied as the handle went through one rotation.
(3 marks)

( Vvy t-x'W g? *

ocz <-> f JJ' L v_jC; ^

4o ^Lji -T, <^(A c>4 +Lvc

"Z ■> Ls-\a. \^£> ^,(<a4y

i A J

l" c ^ CcO-

~LA,
\ c, \ c> q^t , j<-

I i 1 '
L?-j

4
Jr L*jn (\ -f (

iC-^2

■ cs'V'x-e

TP ^

T
Ls.Cw—e ( I

I vv^ v^vv -vi.Jf i-A -z ,

4~L g olcla-c «<£-_J rX , J U -('■c-e'yg. cc

( C L A ~T>. ^ v" I ^ re c{ £,4 ^2 Qo-rc^tcUZ' it CM-? v>—rt^nu. ><■ ,<5
IrCwhat position was the plane of the rotating coil relative to the field when the 
light bulb went out? Explain why it went out. (3 marks)
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__^ uljur {-,

\J “I LjU <^<-^'1

_A±_iW fc ^

ceil 4l^Jr l>v/

1 » C- ^ \ KsJ£>kJ
ix/L^cstA-e

f■Cf-v-'*L(l

A^Z___ HO

-|rc> ILa. e*4 ( HU .

£ el X \£ [s* i~a Cv4

C&^Ji ~ v_

^ {^UX .LiT 
O

IA Oi A ^ v ~<<J ^ C ****~<X

iAO

L

> 4
47nj P •AU A-D

See next page

D
O

 N
O

T 
W

R
IT

E I
N

 TH
IS

 A
R

EA
 A

S I
T 

W
IL

L 
B

E C
U

T 
O

FF



D
O N

O
T W

R
ITE IN TH

IS A
R

EA
 A

S IT W
ILL B

E C
U

T O
FF

21 PHYSICS

A satellite is orbiting the Earth 4.00 x 103 km above its surface.

(5 marks)

rL

^ rcv i 1
] A ^o-’’^-r7xicfL)

r J |. * ,o 8
T - 6-C?£l6f-7 koSc. 

f -2.GOO £. U~'

T - Z-°IZ074>

2 ' ^ a . hours

Question 17 (10 marks)

(a) Calculate the period of the satellite.

r - fE + U

- (6 t o -ao * ^

- I • ozi ^\a7 ~

(pp ; / » lO '' (0 »vv7 W^ ^

L«

T * 7

The graph shows the relationship between the period (T) and the orbiting radius (r) of all the 
planets in our solar system.

(b) (i) With reference to Kepler’s Third Law, describe how a straight line graph could be
generated using the same two variables. (Do not refer to logarithms.) (2 marks)

X T7- - 4tltI.F UoL fcuJeOc sH

4U *0.

\yj l I ^

^ w;;;/
j?-U e>JL

u

PC^__ *\cj Ll~^
1 (l*') vc.

L

C O U4
f53(1 ^ See next p^ge

pi £>Ur 4T[I2
^.lAA

lV£ ^ «
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Question 17 (b) (continued)

(ii) Explain how you could use the gradient of this straight line and Kepler’s Third Law 
to estimate the magnitude of the Newtonian constant of gravitation (G).
(Do not try to calculate G from the graph.) (3 marks)

<g>^ C- u ^_-V/ e-r

A \^ fLr c. cc^^tr 14

ATT2 

4 Lv£ i

<Sr/~iul^A'\ < i t^-0 \p-l r-. I; 4

r \ {rg <gt^ r^l ^ ictA Cf v \yc

Or- z Z-f 7T ^
a

lv-e^w^£
4Le t 4-

^ 4Lc

ic- ^rri^J *A

.u.

(^. j t' £ *iU

-/Urwa HLc.

C-i »~<s=t
J *

See next page
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Question 18

PHYSICS 

(14 marks)

Hinge (O

6.00 m

A castle has a 6.00 m long drawbridge with a mass of 500 kg over its moat. It is attached to a 
winch by an extremely strong rope at an angle 35.0° to the horizontal.

(a) Calculate the tension in the rope when the drawbridge is just lifted off the rest on the
(4 marks)other side of the moat. 

Cm - (^'OG

Fy 2. - J> 0X3

- Geo
- C %o - *'2

--
' rj.i' ^ ^ F j t

T r / ^OOY.^ 3 ' oO>

^ ■ 27 x i O n

(b) Calculate the reaction force of the hinge (O) on the drawbridge at this point. (5 marks)Tv

:t ~FV ~ (<9 Z7I4M 39FNy>

r 3 * 900 y ' O *0 .
Fos = _ ii^ooo k tor O

U

F.

- o

T. o
*»oO - (jz-i\^oa xiC?^ 

<2^ - Z'^SOOxiO1 of

^ * o

C, C-27(OZ4 #J

-W

<9 -
rh r 2^000

(2-4Coo>'^)

^4-' 27^ lO N at 39 O to the horizontal.

See next page 089598
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The castle comes under attack. The people inside the castle begin to raise the drawbridge. 
When it is at an angle of 15.0° above horizontal, the angle between the drawbridge and the rope 
is 40.0°. At this moment, a 95.0 kg soldier being chased by the enemy jumps onto the very end 
of the drawbridge.

(c) Calculate the new tension in the rope as he hangs from the end. Assume the drawbridge 
is stationary at this time.

Question 18 (continued)

* ^ 

r±t = ?>'0O CO& l£'0°

- Z-M770) -v 

*V - \Z-cf*

V ' ^ • 3 \OC> -c (O 2 O

T ^ 7

"tVcJUje. V-'A-Ov*'^ * i-L

X°-'
i O

-- £ ''Vo

T- V - 0 ^ *

T 2>ICC

h r** J 2

^2 8177&)

C v <<v(\

4 ■ O&OLfo ~ (o "

N
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PHYSICS 26

Hubble’s law states:

The red shifts in the spectra of distant galaxies (and hence their speeds of recession) are 
proportional to their distance.'

From this law comes Hubble’s equation:

v = H„d

where v= recessional velocity
d= distance from the Earth 

H - Hubble’s constant.

Below is some data Hubble used to graphically determine his constant.

Question 19 (19 marks)

Galaxy Distance (Mpc) Velocity (x103 km s~1)
NGC 1357 24.7 2.19
NGC 1832 31.0 2.82
NGC 2775 17.9 1.46
NGC 2903 6.96 0.45
NGC 3368 11.9 0.88

(a) Graph the recessional velocity versus distance on the set of axes provided below and
draw a line of best fit. Do not take your line through the origin. (3 marks)

A spare grid is provided at the end of this question answer booklet. If you need to use it, cross 
out this attempt and indicate that you have redrawn it on the spare grid.

See next page
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27 PHYSICS

(b) Use two non-data points on your line of best fit to calculate Hubble’s constant. Circle the 
two points you used and give your answer to two significant figures. (4 marks)

if V =- Rod * o slop. -- ( 2-7S - o.&o')

(zo-e - 7 %> > 

i-L = Q 7&2fe->c-7
3 - n x t C

V^-t T- IA p

103 km s‘1 Mpc-1

Hubble measured the red shift of the galaxies to calculate their recessional velocities.
The equation for the Doppler effect is shown below:

AT v 
\ ~ c

AT = wavelength shift 
T0= wavelength of source not moving 
v = velocity of source - line of sight 
c = speed of light.

(c) (i) The galaxy NGC 2013 is 7.42 x 107 ly away from the Earth. Convert this distance
into megaparsecs (Mpc). (2 marks)

C 3

- 2 Z7^,07 r \0'

(ii) Using your line of best fit and the value from part (c)(i), calculate the observed
red-shifted wavelength emitted from NGC 2013 if T0 is 840.0 nm. (6 marks)

-Frew. -tU. L-oSLT- A - o' Krc , 0 - l’^£> k iCS U s"

/A A r n/
C

-- A K lO^SW-O')
Cl OO^ \0&)

, ^gAO -cX *

8>' (O Z nm

v x vO ^ s '■

C - 3 ic*

Ac - 840.^ V^\ V^\

z- ae> * »pl Mpc
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(d) In Hubble’s early data, he noticed that one particular spiral galaxy close to the Earth,
( seen edge on, had two values of v at its extremes. One was positive and one was 

negative. Assuming this was not an instrumental or human error, explain how this could 
occur. (4 marks)

, T .
■vj t<- ^ \b-ts>“A

Question 19 (continued)

(oj. C 4-0 4Cxi 4

e4- *f L_t (Uvx x £>< t*1 C teCS dC&d grv'v

""t ^Vv p Vss&C**^*' ^
eUr eTCU.4L-*4 <U <X 'T~C tA^-or e_ je ^

^ 'V <5, ,

£>^KQ_1^ ’ s__ i X

(<r^ jpAL i^oO * -I "O . <?A C- U_S>b.' ^ 4(a_A

U

1 ^ Ce r_

I -a —4 '
KStAj

-'U

vA/»<? /Ll »-<r ^

4-C i^c. u>« ^ f-w. v><r

J

4‘. x 41^ t L> vt-4C
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£
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End of Section Two
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PHYSICS 30

Section Three: Comprehension 20% (39 Marks)

This section has two questions. You must answer both questions. Write your answers in the 
spaces provided.

When calculating numerical answers, shcp your working or reasoning clearly. Give final answers 
to three significant figures and include appropriate units where applicable.

When estimating numerical answers, show your working or reasoning clearly. Give final answers 
to a maximum of two significant figures and include appropriate units where applicable.

Supplementary pages for planning/continuing your answers to questions are provided at the end 
of this Question/Answer booklet. If you use these pages to continue an answer, indicate at the 
original answer where the answer is continued, i.e. give the page number.

Suggested working time: 40 minutes.

Question 20 (19 marks)

Cyclotrons

A cyclotron is a particle accelerator. It is an electrically-powered machine that produces a 
beam of charged particles that can be used for medical, industrial and research purposes.
A cyclotron accelerates charged particles in a spiral path, which allows for a much longer path 
for acceleration than a straight-line accelerator.

A cyclotron consists of two semicircular charged plates in a flat vacuum chamber called 'dees' 
because of their shape. The chamber sits between the poles of a magnet that creates a strong 
and vertical magnetic field. A stream of charged particles is fed into the centre of the chamber 
and a high-frequency alternating voltage is applied across the plates. This voltage accelerates 
the charged particles across the gap every half turn. Combined with the magnetic field, this 
process causes the particles to spiral outwards until they exit the cyclotron.

.— ; 4
u5 6^' Y U

<5iv:eu if - \ -Lo

Ak

l £ ^ \j > CO
-oC

Cf

Oscillator Extraction region Beam

See next page
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31 PHYSICS

The cyclotron frequency (how often the electric field between the dees reverses) is independent 
of both the velocity of the particles and the radius of the circular path they follow.

Medical cyclotrons

Medical cyclotrons produce proton beams that are used to manufacture radioisotopes used in 
medical diagnosis. Radioisotopes produced in a cyclotron decay by either positron emission or 
electron capture. Positron emission tomography (PET) and single photon emission computed 
tomography (SPECT), which utilises gamma ray emission, are two imaging techniques that rely 
on cyclotron-produced radioisotopes.

(a) The diagram above shows the acceleration of a positive particle in a cyclotron. Describe 
one change that would need to be made in order to use the same machine to produce a 
beam of negatively-charged particles exiting from the same place, and explain why.

(3 marks)
' AA-c? <t( i v~c c ^ £&*■ \ e> 4 ILfi  0 K Jr- Lc UJ lO k\ \ r^sJU

h

r C

C ^ AC xt _
rJ 1. |
f > v C'

W.3L,. J X 4W
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* ~VU r

& i-C
£r. \ Cl ’ *- J*\ C'j<* J1 UL Ax

e>0

r" JS
.( A d T-)c& (L

1-JA .
T l A tu A C J
AW ai-v-e 1/rvap £x>iV'Cr <L

Af Crrv'V^v — V , Ao A'Njl 0 U\ cl Jw>~r>\^yas'ir(
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PHYSICS 32

Positrons (e4) are examples of antimatter and have the same properties as electrons (e ) except 
for having a positive charge. When they collide with an electron, the following process occurs.

Question 20 (continued)

Annihilation reaction

511 keV photon

\
e)+(e.

\
Electron from material in the body

511 keV photon

(b) (i) Calculate the wavelength of the photons produced in the annihilation described in
the diagram above.

- 3 0O,-' — % "

U - 6-43

> - (y-LZ* .o-aaYs-oo-P*>

(3 marks)

r 7 B3 2.11 * id \i, Z'J*Zk\Q~^ rn

(c)

To which part of the electromagnetic spectrum does the photon belong? (1 mark)

Explain why increasing the strength of the magnetic field would increase the velocity of 
the particles leaving the cyclotron. (4 marks)

sro *'VW ^ ^ v• Am- F<, - F„

^ tv* M
... rfT' \ ^ v e

\' v C-' €.-/U
• tL v u3f>ol A

4Lvc* V <CK v\ («-\

> i \ t* C l 4 <u>
Mb £» ‘ ! Q r v^cli

K>

m ac
_r Q V” VMSC'H w>

UL L ^)0

O
^^Ccnr-^ ex > A’ c^\^-ie>^' / ___ __

f As. 4Ux- yeUc'A-x o*( ^
_A . f \ , \ 44 Li
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33 PHYSICS

(d) (i) Explain why the voltage across the dees must alternate
le j(.,a L4,

acc-e

(2 marks)
t Z--F- ^_

( lWJr sJ "iCv eie cJ^-\c___ ^TeJ

• 4Lz p.c^-'^Cc^ ■Ijiso* -to T ^_le>^Cer-K-v
A?’ e F-)_>.-<•• 4o v*\c& cLce-d.Q\s*\<z. "Fjg. S£l^Q^

C 1 r^ u 4 --.-to A -r Ai .A-e^.-j, '

On page 31 the text states: The cyclotron frequency, (how often the electric field between the ^
dees reverses) is independent of both the velocity of the particles and the radius of the circular ,
path they follow.' U°^

aLVisuv . £ CY

(ii) Derive an expression for the cyclotron frequency and use the expression to explain u - ^
why this statement is correct. (Ignore relativistic effects.)

As F, * F
Z-Vv\ \/ r °vv^

r"

A V -- LU ^ = 2.rr r
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PHYSICS 34

Wind turbines

Question 21 (20 marks)

The wind passes 
over the blades and 
makes them turn 
(kinetic energy).

H The blades turn a 
shaft within the nacelle 
(the box at the top of 
the turbine).

u

f|} The electricity 
is exported to the 
electricity grid.

A transformer 
converts the electricity 
to the correct voltage 
for the local network.

W The shaft turns 
a generator that 
converts the kinetic 
energy into electrical 
energy.

How do wind turbines work?
Wind turbine blades rotate when hit by the wind. And this doesn’t have to be a strong wind, 
either: the blades of most turbines will start turning at a wind speed of 3 - 5 m s-1, which is a 
gentle breeze.

It’s this spinning motion that turns a shaft in the nacelle - which is the box-like structure at the 
top of a wind turbine. A generator built into the nacelle then converts the kinetic energy of the 
turning shaft into electrical energy This then passes through a transformer, which steps up the 
voltage so it can be transported on the National Grid or used by a local site.

Wind turbine blades vary in length between 40 and 80 m.

A major problem with wind turbines is varying wind speed. The input power must match the 
output power. The output power depends entirely on rotational speed and torque so how do 
we keep rotational frequency constant when wind speed keeps changing? The solution is 
mechanical. The operators use blade pitch control which changes the angle of the blades and 
reduces the surface area facing the wind. This reduces the amount of energy collected by the 
turbine and controls the force applied to each blade.

See next page
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35 PHYSICS

How the pitch is altered to control the rotational speed.

Each blade experiences a gravitational torque. If the clockwise and anticlockwise gravitational 
torques add up to zero, the turbine is considered balanced. Asymmetrical three-blade turbine is 
considered balanced at all times.

(a) (i) Explain why a step-up transformer is used to increase the voltage before 
transporting the electricity into the National Grid. Use specific equations in your 
answer. (4 marks)

A
f

IcU I •'V P'.-'-'N <2 c
'(vT c

p t £.V uc((

1 \" ' (rt> •

LA C \ H A TU

A [pa l 1 t ‘ £ \ '

JT
AU (

f’

A A L; A -lie

LcC - . U_

U. ,

r p { iC£ T

>(T w-cJ.
.f-O ^

^£T-€

[ v-jCfc-'t t* Pp S' VO \ p

A- 4L t r s £ 'p >- v
a

£ l i ^ A* ( ‘"V. ^ £. I^v \ S- S 1 0~*^X taO ' <C. (

Calculate the output voltage of the transformer if the turbine produces 690 V and
the ratio of turns is 100 in the primary coil to 2500 in the secondary coil.

V, = 6^0 V 

c\], - ioo

P-- zs-oo 
w -

y<
A
A

(2 marks)

W -- (fc^oY25-cca 

A 'OC>

P - I 72So „ iOh 
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I ■ "73> * 'C?1 kv
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(b) With specific reference to the text, explain why the pitch of the rotor blades is changed by 
the operators of the turbine. (4 marks)

As 0*"'- [> . A IJt-

Question 21 (continued)
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(c) if the 60 m long blades on an average-sized turbine are rotating at 0.20 Hz, estimate the 
speed of the centre of mass of one of the blades. (4 marks)
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37 PHYSICS

Consider the three-blade turbine in the diagram to be rotating clockwise. The blade on the left 
hand side is parallel to the ground. The blades are identical in size and mass.

(d) (i) Draw the weight forces acting on the blades. (2 marks)

(ii) Show mathematically that the turbine is balanced in this position. (4 marks)

A * F,
O-- F

l ^-ov-vc-^l c,

n 15
s O 0 \ c\xA-e

t'j * re
5 4 Fz - F, rx

^ F + AL -- ^
2 2

A
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