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Physics Units 3 & 4

Structure of this paper

Number of | Number of Suggested
Section questions | questions to | working time a\ltg?l;kl;e Pi;c:;;zrange

available | be answered (minutes)
Section One:
Short answer 13 13 S0 54 30
Section Two: iz .~
Extended answer 7 i 90 \Z 90 50
Section Three:
Comprehension 2 9 40 36 20
and data analysis

Total 180 100

Instructions to candidates

1.

The rules for the conduct of Western Australian external examinations are detailed in the
Year 12 Information Handbook 2019. Sitting this examination implies that you agree to abide
by these rules.

Write your answers in this Question/Answer Booklet.

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.

You must be careful to confine your responses to the specific questions asked and follow any

instructions that are specific to a particular question.

Spare pages are included at the end of this booklet. They can be used for planning your

responses and/or as additional space if required to continue an answer.

e Planning: If you use the spare pages for planning, indicate this clearly.

e Continuing an answer: [f you need to use the space to continue an answer, indicate in
the original answer space where the answer is continued, i.e. give the page number.
Refer to the question(s) where you are continuing your work.

See Next Page




Physics Units 3 & 4 3

Section One: Short response 30% (54 Marks)

This section has thirteen (13) questions. Answer all questions. Write your answers in the space
provided. Suggested working time for this section is 50 minutes.

Question 1 (4 marks)

Mars’ mass is 6.39 x 10?® kg and has an orbital radius around the Sun of 228 million kilometres.
Calculate the weakest gravitation force that can act between Earth and Mars, assuming both Earth

and Mars have c;ircular orbits. . ( - i Q'(ij =,
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Question 2 (4 marks)

An electron with 2.80 eV of kinetic energy bombards an atom with a single ground state electron.
The atom'’s electron is excited and later transitions back to the ground state, emitting a single 518
nm photon. Calculate the kinetic energy of the bombarding electron after it scattered off the atom.

o o
Ee = 2.%0 eV =240 Ir(-LOX(O'q: 4.ay “OQS

= e -3¢
t? - g(% R - Q_L: - 300 =x\0 x é QSY\O
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Answer: 0 .400 eV
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4 Physics Units 3 & 4

Question 3 (4 marks)

A 30.0 g golf ball at a mini golf course approaches a small vertical loop obstacle at 3.45 m s™. The
ball follows the track, completing the vertical loop.

P WP W =mg e’ Fmv
w |,
0.400 m € sRud 1

345ms?
et O

Calculate the magnitude of the reaction force applied to the ball by the track when the ball is at the

top of the loop. o )
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Answer: 0. 81g ° N
Question 4 (4 marks)

The diagram below shows an electron entering a uniform 2.00 N C' electric field. There is also a
magnetic field in this region (not shown on the diagram).

Electron Velocity
o —»>»

v v v JV Electric Field

The electron has a constant velocity of 8540 m s while in the presence of the two fields. State the
direction of the magnetic field and calculate its strength.

v = 8‘;46»«.{‘
E =2.00 e
ﬁ} B“\J = g,v ® 'q
B=E = 2°0 = 23>0 T ={2)
v %540
W
-4
Direction: (NTD PAce Strength: ?;l\ x0 T T
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Physics Units 3 & 4

5

Question 5

(4 marks)

Mary observes a spaceship moving at 0.800c to have a 32.0 m length along the direction of its
velocity. Quinn sees this spaceship moving at 0.450c along the same direction as Mary. Calculate

the length of the spaceship as seen by Quinn.

S5 %

—
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@ Answer:

476

Question 6

the standard model.

udb - c¢ + su + uud

Justify whether this reaction is possible based on baryon number and electric charge.
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(4 marks)
The following particle reaction is proposed by a PhD student while studying new, exotic particles of
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6 Physics Units 3 & 4

Question 7 (4 marks)

A square coil moves into a uniform 260 mT magnetic field which is aligned perpendicular to the
area of the coil. The coil is induced with a 0.650 V emf as it enters the field at 4.75 m s*'. For what
amount of time does the coil have an induced emf?

B= 260, T Eud= B Ly " X X X
v 4SS 0 Lo = 26070 xLx 473 < x %
= O\?y) vV <o ¥
E*{' (= 0.526 m ¥ N %
L= A= 0.1 X X X
N=1 '3 \fd &MZ”
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N o BA
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=3 3 @
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(@: BA' s OZéOK 0277 Answer: O i l(( [
= 0.0?&O_\_L_)_\_o
Question 8 (4 marks)

Victor, an amateur rocketeer, performs a calculation showing the amount of work the combustion
of the rocket fuel needs to do to the rocket to get it to the upper atmosphere from the surface of the
Earth Victor assumes the work is W = AE = mgh where m is the mass of the rocket, g is 9.80 m
s? and h is the altitude the rocket needs to reach. Describe two issues with Victor's method for
determining the work required. i

39, Yk L%M[,\\MMW‘X(L
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Physics Units 3 & 4 7

Question 9 (4 marks)

Describe how an operating coloured LED and a voltmeter could be used to estimate Planck’s
constant. Include the measurements or data that would need to be obtained and any calculations

reqUired-Aggw M\.MM UM" WL LB)S ~ 2% @
® EV\AWW@/‘—M MM&? of (€D @
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Question 10 (4 marks)
A diagram of a simple AC generator is shown below.
®
AV Mot e / veov /

cor(

(a) Label the two components indicated in the diagram by writing in the two boxes: provided.
(2 marks)

(b) Describe the role each of these two labelled components play in the operation of the

generator. . (2 marks)
AV WA /V'o‘b)r w\\ (oTc:_‘('cg (7N &w _tl,) Pm&w C(%
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8 Physics Units 3 & 4

Question 11 (4 marks)

An induction hotplate first converts the 50.0 Hz electrical supply, common to households in

Australia, into a new frequency. By referring to physical principles, explain the benefit of the
frequency change and whether the frequency is increased or decreased.

POW =y L
= -V A&
&&*\’
- -L =%
T AF
w o LV\U{Q‘S&& @
fce w«w ;
Vincarases
P lcagased
Question 12 (4 marks)

The redshift of light from galaxies not our own is supporting evidence of the Big Bang Theory.
Describe what causes the increasing amount of redshift of light from galaxies further away and
also describe why only nearby galaxies may have blueshifted light.
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Physics Units 3 & 4 9

Question 13 (6 marks)

A motorbike is using a 16.0° banked curve to assist with making a turn with a 35.0 m radius at 60.0
km h-'. While the road supplies a normal force of 1280 N, the wheels of the motorbike supply an
additional 185 N frictional force, along the plane of the surface, to assist with making the corner.

(a) Draw a vector diagram which shows all the physical forces acting on the motorbike in this
scenario and the resulting net force. (2 marks)

N 9\ @ ( V FCTDMM

et
Fa=ltsn O z ML
D fFe >

Fa 21230
W
(b) Calculate the centripetal force acting on the motorbike. (4 marks)
?‘L: (“SM » ;Fﬂwsléo -
/ =({C ¥ comlb’
LU 7 7 \m
b i " .
FL = F,J Svn (b + X
/ _ 1180 sielb’ 4+ (774
Ther o) combiaons © [ - 3590 (778N
Answer: s3! N

End of Section One
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10 Physics Units 3 & 4

Section Two: Problem-solving 50% (90 Marks)

This section has seven (7) questions. You must answer all questions. Write your answers in the
space provided. Suggested working time for this section is 90 minutes.

Question 14 (13 marks)

The equipment below is used in an experiment to test the particle nature of light.

Z
3 I 7\
(a) The part “Y” is the monochromatic light. Name and describe the function of the parts
labelled “X” and “Z” (4 mark)
Label Name Description of function/behaviour
Q&«oxrozh,cj(mu\,s Cafi s o(— ‘\ L\.b'\“mrmj\ @vm =
X (cdi«p&a\ o ansde

2 e (cattods | robociticds)

) Describe what the “work function” means in the context of this experiment. (2 marks)

m Lsmwwkw% W&Q}A—\r\uﬁ* b earne
\,\Q‘&Q swfﬂ%.
NOY @
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Physics Units 3 & 4 11

(c) To test for the particle nature of light, the light source is monochromatic (i.e.: consisting of a
single colour). Explain why this is important for this experiment. (3 marks)

[ W0 dhro padhe b.s\lf ¥ L3Ldr Ao« “*jL‘L M“‘“Y

' Y \X_O‘*‘L el o
M%ﬁwﬁ” Mﬁ o ﬁmmwmd««?
\“MMW Gk M@%@f‘)%m

(d) Calculate the minimum voltage required between the two plates to ensure the ammeter
detects zero current when the wavelength of the incident light is 345 nm and the work

function is 1.50 eV. (4 marks)
c S N (W72
Bl = V4
W, = (SO eV 5 14
nem b = 3o BBET = 76 X0TT G
345 X0 _ %()O@V @
\/0\ ?,UO@\) = = Z2I0V w
Elkwmoy =V q
Wl = |S0ev = 2-tox(0 3 w
-7
b= Gl« = %-ooxwgv(é’(azz*‘& = T 76>(\oa( G>
» 345 o ‘ R__M
\Jc‘ C7be1 5™ -—z-c\o«o”c( = 33%%x0 § @
z%xxo
e l(;c»do‘z ’Zlo\) ©

Answer: 240 v
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Question 15

Physics Units 3 & 4

(10 marks)

A 25.0 kg sign is hung by connecting two wires of negligible mass, as shown in the diagram below.

T2

Don't Read
This Sign!

Wsign)

(a) Calculate the tensions T+ and T, by use of a vector diagram.

w@“&‘“\ = M:?}CO X 9€0 = 245N

Tna Wke

i "\

——

sdo® Sk &0

(4 marks)

6>

T oot sy O
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Physics Units 3 & 4 : 13

(b) Given the sign has a horizontal length of L, at what proportion of L as measured from the

left side of the sign is the centre of mass? (3 marks)
T | T M, =0 cw t
x| /0. ; o
’ Wx>C = Tz xLx s
. = . 5
S = 208 x L x5S0
5 = Q672 L.
————

Answer: O 67 Z

(c) As the angle made by T and the horizontal decreases, explain what happens to the value

of T1and Ta. (3 marks)
50° =ssudlr > j
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14 Physics Units 3 & 4

Question 16 (12 marks)
Claire is standing on Earth. She observes Jim passing by in a spaceship at 0.60 c. Jim observes

the spaceship to be 18.0 m long. Jim is playing hyperspace pong where he hits a ball towards the
front of the spaceship from the back at 0.40 c (according to Jim). The ball has a rest mass of 0.500

kg.
(@) What time does Jim observe the ball take to reach the front of the spaceship?

(2 marks)
0.40c i 0.60c o i3
O—2 \ 90
N = \0'Y
l« L = (80~ —7 0.40c 0.40 ArB'OOMo?
7% ) > $5x10 see
X
_
m=0 @O\Lﬁ ot %?4 X“;%WM‘LX Answer: (¢S5 x (O s

(b) As the ball completes the journey towards the front of the spaceship, does Jim observe the
proper length of the ball’s journey or the proper time for the ball’s journey or both? Justify

your choice.

\(eﬁ t« Wic g/w @‘6 W b ® (2 marks)
. l‘“j ((%.om> and e proper

+¢u, <(§<10ca% ot Dol o won foo e
b it foX @

(c) How long is the spaceship as measured by Claire? ~— (2 marks)
. . |
L dage Ldaie = (-0~ | 175
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Answer: & b / m
(d) What is the velocity of the ball as measured by Claire? Give your answer as a fraction of
the speed of light. (2 marks)
8} = V. +V
LTk qursy B S . N VA Yo
(14 vstedsls |1 Ot
\/8/5- O4c & v
- Hox>
|+ 0L
= }.906 «

Answer: O . %06 c

(e) Calculate the energy of the ball as measured by Jim. (2 marks)
E=me” Q0 x &
= % X
o TO==T s 0.0 000"
N2 —
2 | ~o.f 6
\jE 0.4¢
wm = 0500 [3

b
Answer: 4% ' ' X0 J

(f) Calculate the momentum of the ball as measured by Claire. (2 marks)
P > e \%&-VW
( o ) 2
cv D= 0.500 x ©.806 x z-ocﬁi;
wr (0.500 X (\ - 0&9161(—2>
V= 0.806c ~

= 2.64 = \6% u.gu;‘

Urv Moo 5 Qb

Q Y= \ _ 0808
= 0.5 x 0.bx 3-00x\0 .
(\-26) = 0.5
c"r
=4
} |2 x \O \/~3WLS Answer: 298X 1O kg m s

e
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16 Physics Units 3 & 4

Question 17 (12 marks)
A trebuchet is a siege weapon that flings boulders from a great distance. Consider the

arrangement of a trebuchet and a castle shown below.

III.l.llIIIIIIIIIlllIlIIIIIIIIIIIIIIIII..I..II’

Sp=326m

IIIIIIIII

(a) The boulder lands at the same height it was launched from, was fired at 45.0° above the
horizontal and was airborne for 8.16 s. Complete the following questions:

i. Calculate the launch velocity of the boulder. (3 marks)

t- Plocer oo Sk - B e
> = = 2 = MM 400 l
Su= D% A T 1 i O
b= O co- 4S° 0
u*‘(O-D -;'D’L‘gu.«,s_{ @&e‘(’ut\ml @
> 45
Answer: 56-§ ms™’

ii. Calculate the maximum height the boulder achieved above its launch point.
(3 marks)

-l
= 40.0uni { e U +
vives ?V ) s"; u\JF —\’l)/ aq%

= 40.0 «<4.0¢ ¥ O.?x(* ‘('XO\ x“vO&V
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q- ay =980 ms ]

L= 91614, 0%ec > GLe w
AH’@JNAL JﬁA " '
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v i Wia. o'Q §6-Swae .Q./ Uv
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Medieval castles were often built at higher elevations to give an advantage to those under siege.

4-........

sp =326m

(b) A launched boulder is in the air for 4.80 s. The distances, s; and s, above indicate how far
the boulder travelled to hit the castle. Determine both the speed and angle above the

horizon the boulder was launched at. You may make use of the trigonometric identity
sin@

tanf = — and air resistance can be ignored. (6 marks)
! 2
=450 Sy = Wt ¢ ZQUJV
Gy = §0.0nn
oh= B e 5.0 = Uy x 450 5 ~T80% 4.36°
= Bk _ - 2
P >~ -
= 480
q‘\/: q*&O (VS J/ = wﬁi;? @
Uy = 4
k= 4%0Gee. W= | (797+ 229
= Ona ~1
S . SR 7\ = 7$— ’CK\uvs @
" —t [ 234
a«\g(e, eru«, 67-°l>
= 25" @
~O v T
T\\ \mo\/\‘wv\ ; (’)%Zw Q\'CD oL
Speed: %4 m s’ Angle: Zb g g

<O
See Next Page :



