
 

  
  
  
  
  

 
 
 
 
 
 
 
 
The following pages offer suggested solutions to the  
2012 SACE Stage 2 Physics final  examination. 
These solutions are not the official set  
of solutions used by the examiners of the SACE Board. 
 



	

	
	

Tension	

	
	

F  mv2

r
 0.035x2.42

0.32
 0.63 N

	

	
	
	
	
	
	
	



	
	

vH  vsin  25sin 40 16.1 ms1 	

	

v2  vo
2  2as v  0 max height

0 16.12  2x9.8s

s  16.12

2x9.8
13.2 m

	

	 	 	 	 	 	 	 	 	
	 	

Total height above the ground = 13.2 + 1.5 = 14.7 m 

	
	
	
	
	
	
	

 	
COMMON	ERROR	
The	release	height	must	be	added	as	the	question	asks	for	
the	maximum	height	above	the	ground.	



	
	
Increasing	the	launch	height	increases	the	range.	
	
The	javelin	spends	more	time	in	the	air	as	it	falls	the	extra	height.	
	
Since	the	range	is	the	product	of	the	horizontal	component	of	the	initial	velocity	
(vH)	and	the	time	of	flight.	The	horizontal	component	of	the	initial	velocity	is	
constant	so	an	increase	in	the	time	of	flight	increases	in	the	range.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
	
	
	
	

FN	 Vertical	component				FV	

Horizontal	component			FH	



	
	
The	vertical	component	of	the	normal	is	equal	in	magnitude	but	opposite	in	
direction	to	the	weight,	where	weight	W	=mg.	

	
	
The	horizontal	component	of	the	normal	force	FH,	provides	all	the	centripetal	
acceleration	for	uniform	circular	motion.	

tan  FH

FV



mv2

r
mg

 v2

rg
	

	
	

Tan  v2

rg

v  tanxrg  tan 42x26x9.8 15 ms1

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
Force	on	the	Moon	due	to	the	Earth		

FME 
GmM mE

rmE
2

 6.67x1011 x7.35x1022 x5.97x1024

(3.85x108 )2
	

	
	
Force	on	the	Moon	due	to	the	Sun		

FMS 
GmM mS

rmS
2

 6.67x1011 x7.35x1022 x1.99x1030

(1.5x1011)2
	

	

Force on the Moon due to the Earth

Force on the Moon due to the Sun 


6.67x1011 x7.35x1022 x5.97x1024

(3.85x108)2

6.67x1011 x7.35x1022 x1.99x1030

(1.5x1011)2

 5.97x1024

(3.85x108 )2
x

(1.5x1011)2

1.99x1030

 0.455

	

	

	
	
	
	
	
	
	
	
	
	
	



	
	

Since	speed	of	a	satellite	v	is	given	by	 v  GM

Ro

where	M	is	the	mass	of	Earth	and	

G	is	the	Gravitational	constant	then	 v 1

r
	where	r	is	the	radius	of	orbit	of	the	

satellite.	This	is	because	both	M	and	G	are	constant.	
	
	
The	QuickBird	satellite	has	a	larger	radius	of	orbit	and	will	therefore	have	a	
slower	speed	than	the	international	space	station.	

	
	
As	explained	above,	the	mass	in	the	equation	for	the	speed	of	a	satellite	is	the	
mass	of	the	Earth	not	the	mas	of	the	satellite.	The	different	masses	have	no	effect	
on	their	speeds.	

	
Images	with	higher	resolution	are	produced.	

	

	
	

 	
MEANING	
A	low‐altitude	orbit	means	that	the	satellite	is	closer	to	
the	ground.	The	images	produced	show	more	detail.	We	
refer	to	this	as	resolution.	



	
	
	
	
	
	
	

The	momentum	
vector	of	B	after	
the	collision	

The	total	initial	momentum	
vector	is	just	that	of	A	as	of	
B	was	initially	stationary	
before	the	collision	



	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Using	the	law	of	conservation	of	momentum,	the	total	initial	and	final	
momentum	is	the	same	(both	magnitude	and	direction).	
	
Since	pi	=	pf	then	pAi													=	pAf											+			pBf					
	
	
The	final	momentum	vector	is	shown	on	the	diagram	above.	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	change	in	momentum	pis	given	by	the	final	momentum	of	the	photon	
subtract	the	initial	momentum.	
	
The	final	momentum	of	a	photon	that	is	absorbed	is	zero	but	the	final	
momentum	of	a	photon	that	is	reflected	is	the	same	as	the	initial	momentum	but	
in	the	opposite	direction.	
	
The	change	in	momentum	of	a	photon	that	is	absorbed	is	given	by	
p  pf  p

i
 0 p  p 	which	is	half	that	of	a	photon	that	is	reflected	

p  pf  p
i
 p p  2 p .		

	
Using	the	law	of	conservation	of	momentum,	the	change	in	momentum	
experienced	by	the	solar	sail	is	equal	but	opposite	in	direction	to	the	change	in	
momentum	experienced	by	the	photon.	
	

Since	Fsail 
psail

t
,	then	it	follows	that	solar	sails	that	reflect	photons	will	

experience	a	greater	force	(if	the	collision	occurs	over	the	same	amount	of	time)	

and	hence	greater	acceleration	since	 asail 
F

msail

	

	

p  2 p
	

p  p 	

			Photon	is	absorbed	

p	

p	

p	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 	
HINT	
The	electric	field	is	uniform.	The	electric	field	lines	need	
to	be	evenly	spaced.	
	
The	electric	field	lines	point	away	from	the	conductor	as	
they	indicate	the	direction	of	the	force	on	a	positive	test	
charge.	
	



	
	

F


B 
1

40

QqB

r2
 9x109 x8x1019 x2.56x1018

0.082
 2.9x1024 N  (south) 	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	 Force	due	to	qA	 2.9x10‐24	N		east	
	
	 Force	due	to	qB	 2.9x10‐24	N		south	
	
	 

F 

FA 


FB 	

	
	
	
	

F  (2.9x1024 )2  (2.9x1024 )2  4.1x1024 N 	

	

  tan1(
2.9x1024 )

2.9x1024
 450 	

	
F

 4.1x1024 N SE 	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

2.9x10‐24 N

2.9x10‐24 N


F 	



 	
HINT	
The	triangle	is	right	angled	–	Pythagoras	applies.	



	
	
The	magnetic	field	due	to	I1	acts	into	the	page	in	the	position	where	conductor	2	
lies.		
	
Using	the	right	hand	rule	the	force	on	conductor	2	due	to	conductor	1	is	up	the	
plane	of	the	page.	
	
The	magnetic	field	due	to	I2	acts	out	of	the	page	in	the	position	where	conductor	
1	lies.		
	
Using	the	right	hand	rule	the	force	on	conductor	1	due	to	conductor	2	is	down	
the	plane	of	the	page.	
	
The	conductors	attract	each	other.	

	
	
	
	

 	
HINT	
Use	the	right	hand	rule	for	the	magnetic	field	around	a	
straight	conductor.	

 	
HINT	
Again	use	the	right	hand	rule	for	the	magnetic	field	
around	a	straight	conductor.	



	
	

F  Bqvsin  2.5x102 x1.6x1019 x1.45x106 xsin 90  5.8x1015 N 	

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	

E  V

d
 6x104

0.45
1.3x105 Vm1 	

	

F  Eq 1.3x105 x(1.6x1019 )  2.1x1014 N 	
	

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	

vv 
sv

t
 t  sH

vH

 0.8

2
 0.40 s 	

	
	

Maximum	deflection	in	the	direction	of	the	electric	field	is	 0.45

2
 0.225 m 	

This	can	be	used	to	find	the	maximum	acceleration.	

s  vot 
1

2
at 2 vo  0

a  2s

t2
 2x0.225

0.42
 2.81 ms2

	

	 	

a  Eq

m
 m  Eq

a
 1.3x105 x1.6x1019

2.81
 7.4x1015 kg 	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
REASONING	
This	component	of	velocity	is	perpendicular	to	the	
uniform	electric	field	between	the	plates	and	is	constant.	
The	equation	for	constant	speed	applies.	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Vertical	

v  f    v

f
 3x108

64.25x106
 4.67 m

	

 	
COMMON	ERROR	
SI	units	are	required.	
MHz	to	Hz		x106	

	
REASONING	
The	plane	of	polarisation	is	defined	as	the	plane	of	the	
electric	field.	The	plane	of	the	magnetic	field	is	
perpendicular	to	the	plane	of	the	electric	field.	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

An	incandescent	globe	emits	white	light.	
White	light	consists	of	all	colours/wavelengths	
ranging	from	red	through	to	violet	(ROYGBIV).	
	
Monochromatic	light	consists	of	one	
colour/wavelength	only.	The	light	from	an	
incandescent	globe	is	not	monochromatic.	



	
	

kmax  hf W  6.63x1034 x2x1015  (3.66x1.6x1019 )  7.4x1019 J 	
	

Kmax 
1

2
mv2  v  2K

m
 2x7.4x1019

9.11x1031
1.3x106 ms1 	

	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

 	
HINT/COMMON	ERROR	
eV	needs	to	be	converted	to	J	(x	1.6x10‐19)	



	
	
	
Since	the	distance	between	the	double	slits	and	the	screen	is	so	much	larger	that	
the	distance	between	the	double	slits	then	the	angle	S1XS2	is	approximately	90o.	
	
Using	the	triangle	S1XS2	then	
	

sin 
path difference

d
	

For	a	maxima,	the	path	difference	is	m	
	

It	follows	that	

sin 
path difference

d
 m

d

ie d sin  m

	

	
	
	
	
	
	

Path	difference	

X





	
	

d sin  m

  sin1(
m
d

)  sin1(
3x4.7x107

1.8x104
)

  0.450

 

	
	
The	laser	light	is	coherent	where	as	the	blue	light	source	wasn’t.	This	means	that	
the	single	slit	isn’t	needed.	

	
	

Since	the	fringe	separation	y  L

d
,	then	the	fringe	separation	(distance	

between	adjacent	maxima)	is	proportional	to	the	wavelength.		
	
Changing	the	wavelength	from	blue	to	red	means	that	the	wavelength	is	greater.	
	
A	greater	wavelength	means	a	greater	fringe	separation/distance	between	
adjacent	maxima.	
	
The	colour	of	the	bright	fringes	will	also	change	from	blue	to	red.	

	
	
	
	
	
	
	
	
	
	
	
	
	

 	
REASONING	
The	purpose	of	the	single	slit	is	to	produce	two	coherent	
light	sources	at	the	double	slits.	



	
	
Increasing	the	filament	current	will	reduce	the	exposure	time.	
	
This	is	because	the	filament	current	releases	electrons	that	collide	with	a	target	
metal	to	produce	X‐rays.		
	
If	more	electrons	are	released,	then	more	collisions	occur	and	more	X‐rays	are	
produced	reducing	the	overall	exposure	time.	

	
	
Exposure	to	ionising	radiation	can	be	reduced	by	wearing	appropriate	shielding	
such	as	a	lead	lined	apron.	

	
	
	
	
	
	
	
	
	
	



	

  h

p
 h

mv
 6.63x1034

9.11x1031 x4.36x106
1.67x1010 m  

	
	
Low	energy	electrons	were	fired	towards	a	crystal	lattice	and	they	were	
diffracted	at	preferred	angles	rather	than	being	scattered	randomly.		
	
Diffraction	is	a	wave	phenomena.	In	addition	the	equation	 d sin  mwas	used	
to	calculate	the	wavelength	of	the	electrons	and	matched	that	found	using	the	de	

Broglie	relationship	  h

p
.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
The	position	of	lines	in	the	spectra	of	hydrogen	and	lithium	match	the	lines	in	the	
spectrum	of	the	mixture.	
	
Ie	hydrogen	and	lithium	must	be	present.	
	

	
	
	
	



	
	
There	is	no	energy	gap	between	the	ground	state	and	the	higher	energy	levels	
that	matches	12.50	eV.	The	photon	will	not	be	absorbed.	

	

	
	

1.89	eV	

	
	
	
	
	
	
	

10.2	eV	

12.09	eV	

12.75	eV	

(b)(i)	

(a)	

 	
REASONING	
The	smallest	jump	from	E3	to	E2	will	emit	the	smallest‐
energy	photon.	
	

E3 E2  1.513.4 1.89eV 	



	
	
Both	the	nuclei	(U	and	Th)	have	discrete	nuclear	energy	levels.	
	
When	the	nucleus	decays	to	Th,	it	may	decay	to	the	ground	state	or	one	of	the	
higher	excited	states.	
	
It	follows	that	as	the	nucleus	decays	the	emitted	alpha	particles	will	have	a	range	
of	discrete	energies	so	that	the	overall	(discrete)	energy	of	this	reaction	is	
conserved.	

	
	
After	8	alpha	(8 2

4 )	decays	the	atomic	number	of	product	nucleus	becomes	92‐
16=76	and	the	mass	number	becomes	238	–	32=206.	
	
Lead	(Pb)	has	atomic	number	82.		
	
Using	the	law	of	conservation	of	charge,	it	follows	that	6	beta	minus	decays	must	
occur.	
	

92
238U  82

206 X  6 1
0e82

4  6 0
0 	

	
	
	
	
	
	
	
	
	
	
	
	
	

92
238U  90

234Th 2
4 	



	

	
	
There	exists	a	strong	nuclear	force	between	the	nucleons	(protons	and	neutrons)	
in	the	nucleus	that	is	attractive	and	stronger	than	the	repulsive	electrostatic	
forces	between	the	82	protons.	

	
This	force	acts	over	short	distances	and	quickly	becomes	negligible	at	
separations	of	more	than	a	few	nucleon	diameters.	This	is	how	the	nucleons	
(which	are	very	close)	can	be	held	together	in	a	stable	nucleus.	

	
	
	
	
	
	
	
	
	
	

‐	



	
	

neutrino	

	
	
The	emitted	positron	can	collide	with	a	nearby	electron	and	annihilate.	
	
The	mass	is	converted	into	energy	in	the	form	of	two	identical	photons	that	
travel	in	opposite	directions	so	that	momentum	is	conserved.	

	
	
	
	
	
	
	

	
HINT	
The	half	life	is	2	days.	This	is	constant.	



	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
REASONING	
The	photons	travel	in	opposite	directions.	



	
	
Uranium‐238	does	not	readily	undergo	induced	fission	where	as	uranium‐235	
does.		
	
Enriching	the	source	means	that	a	larger	percentage	of	uranium‐235	is	added	to	
the	fuel.	This	ensures	that	enough	of	the	nuclei	undergo	induced	fission	and	a	
chain	reaction	can	occur.	

	
	

E  hf  hc


 6.63x1034 x3x108

502x109
 3.96x1019 J  

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 	
COMMON	ERROR	
Wavelength	needs	to	be	in	SI	units	
nm	to	m	multiply	by	10‐9	



	
	
Mass	of	products	 m	cMg	+	m	n	= 3.8172x10-26 + 1.6749x10-27 = 3.98469x10-26 kg	
Mass	of	reactant		 2m	C	= 2x1.9921x10-26 = 3.9842x10-26 kg 	 	
	
The	mass	of	the	products	is	greater	than	the	mass	of	the	reactants	–	energy	is	
absorbed.	

	

m  mproducts mreactants  3.98469x1026 3.9842x1026  4.9x1030 kg 	

	

E  mc2  4.9x1030 x(3x108)2  4.41x1013 J 	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	

	
Length	of	

pendulum/string	L	
(cm)	

	
Period	T	

(s)	
T2	
(s2)	

20	 0.94	 0.88
30	 1.08	 1.17	
40	 1.36	 1.85	
50	 1.48	 2.19
60	 1.54	 2.37	

	
	

The	length	of	the	pendulum/string.	

	
	
	
	
	

 	
REASONING:	
The	independent	variable	is	the	variable	intentionally	
changed	by	the	experimenter.	
	



The	relationship	between	period	squared	(T2)	and	length	of	the	pendulum.	
	
	
	
T2(s2)	
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Length	of	pendulum	L	(cm)

line of	best	fit

rise

run



	
	

gradient  rise

run
 1.7 0.2

40 2
 0.039 s2cm1 	

	
	

T 2  4 2 L

g
	

	
Since	the	straight	line	has	an	equation			T2=0.039L	
	

It	follows	that	the	slope	0.039=
4 2

g
	

	

g  4 2

0.039
1010 cms2 10.1ms2 	

	
	
Accuracy	is	how	close	the	experimental	value	is	to	the	actual	value	and	can	be	
improved	by	reducing	systematic	errors.	An	example	of	this	would	be	to	check	
that	the	light	gate	is	correctly	calibrated	by	repeating	the	experiment	with	a	
different	light	gate.	
	
Precision	is	how	much	scatter	there	is	in	the	data	collected.	This	can	be	reduced,	
by	reducing	any	random	errors	in	the	experiment.	An	example	of	this	would	be	
to	repeat	the	measurements	of	period	for	each	length	at	least	three	times.	

	
	
	
	
	
	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
	
	

	
	
	
	
	
	
As	the	ions	enter	the	dees	they	do	so	at	90o	to	a	uniform	magnetic	field.	
	

A	constant	magnetic	force	always	acts	at	90o	to	the	velocity	of	the	charges.	
	

Even	though	the	speed	remains	the	same,	the	direction	of	motion	changes.	
	

By	definition	there	is	a	change	in	velocity	

v 


vf 


v

i
	and	hence	acceleration	

given	by	

a  


v

t
.	

	

The	magnetic	force	therefore	provides	the	centripetal	acceleration	for	uniform	
circular	motion.		
	

X

X
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X
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X

X

X

X

X

XX	 X	

X	X	

X	

X	
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X	

X	X	

X	

dees	



Each	time	the	ions	cross	the	gap	between	the	dees,	they	are	accelerated	by	a	
uniform	electric	field.		
	
Every	time	the	ions	cross	the	electric	field,	the	work	done	(W)	by	the	electric	
field	is	converted	into	kinetic	energy.		
	

Kinetic	energy	each	time	the	ions	cross	the	gap	=	W	=	qV  1

2
mv2 .	The	ions	do	

not	gain	energy	or	speed	while	they	are	in	the	dees.	
	
	
It	can	be	shown	that	the	final	kinetic	energy	of	the	ions	as	they	emerge	from	the	

cyclotron	is	given	by	K  q2B2r 2

2m
where	r	is	the	radius	of	the	cyclotron.	

	
It	therefore	follows	that	the	final	kinetic	energy	is	directly	proportional	to	the	
square	of	the	cyclotron’s	radius.	
	
This	means	that	if	the	radius	of	the	cyclotron	is	doubled,	the	kinetic	energy	
becomes	four	times	larger.	Alternatively,	if	the	radius	is	10	times	larger	the	
kinetic	energy	will	be	100	times	larger.	If	the	radius	is	3	times	smaller,	the	
kinetic	energy	will	be	9	times	etc	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 	
HINT	
22	=	4	
102	=	100	
32	=	9	



	
	
If	monochromatic	light	is	incident	on	a	metal	surface	it	contains	a	single	
frequency	(f)	only.		
	
The	light	consists	of	many	photons.	Photons	are	bundles	of	discrete	energy.	
	
Each	photon	has	a	discrete	energy	given	by	E  hf 	where	h	is	Planck’s	constant	
(6.63x10‐34	Js).	
	
Electrons	within	the	metal	are	bound	by	differing	amounts	of	energy	(depending	
on	how	deep	within	the	metal	they	are	positioned).	
	
Using	the	law	of	conservation	of	energy,	the	energy	of	the	photon	is	used	to	
release	and	electron	and	any	‘left	over’	energy	is	given	up	as	the	kinetic	energy	of	
the	emitted	electron.	
	
This	produces	a	range	of	kinetic	energies	up	to	maximum	given	by:	
	
Kmax  hf W 	where	W	is	the	work	function	of	the	metal.	The	work	function	is	
defined	as	the	energy	needed	to	release	the	least	bound	or	surface	electrons.	
	
	
Electrons	in	an	X‐ray	tube	are	released	from	a	heated	filament.	
	
Each	electron	gains	a	discrete	energy	given	by	K  qV 	as	they	accelerate	across	
the	potential	difference	V .	
	
When	the	electrons	collide	with	the	target	metal	they	decelerate	and	lose	kinetic	
energy.		
	
The	law	of	conservation	of	energy	applies.	Most	of	the	collisions	produce	heat	
but	approximately	one	percent	of	the	collisions	produce	X‐ray	photons	of	energy	
equal	to	the	energy	‘lost’	by	the	electrons	during	the	collision.	
	
The	amount	of	kinetic	energy	lost	by	the	colliding	electrons	depends	on	how	
closely	they	collide	with	the	nucleus.	This	produces	a	range	of	X‐ray	photons	
with	a	range	of	energies.	
	
	
	
	
	




