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The	vector	arrows	depicting	the	horizontal	displacement	between	consecutive	
images	are	the	same	length	(see	diagram)	and	therefore	constant.	
By	definition	the	horizontal	velocity	is	constant	as	velocity	is	defined	as	the	
displacement	per	unit	time.	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT1]: HINT	
The	arrows	must	be	marked	on	the	diagram	to	support	
this	statement.	
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Commented [IT2]: HINT	
The	speed	is	constant	(18	ms‐1)	at	points	A	and	B	and	
therefore	cancels	out.	

Commented [IT3]: HINT	
The	arrows	must	point	towards	the	centre	of	the	circular	
path	and	the	length	of	the	arrow	at	A	must	be	drawn	twice	
as	long	as	the	arrow	drawn	at	B	as	twice	the	acceleration	
is	experienced	(see	part	(a)).	



	
	

Tan  v2

rg
v  rg tan  150x9.8x tan31  27.9  30 ms1 	

	
	

	
	

	
	
At	sections	along	the	track	where	the	banking	angle	is	less	than	that	calculated	in	
part	(a),	friction	between	the	tyres	of	the	racing	car	and	the	road	provides	the	
necessary	additional	centripetal	acceleration	for	uniform	circular	motion.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	

F  Gm1m2

r2
 6.67x1011 x1.3x108 x6x1024

(2.8x107)2
 6.6x107 N 	

	

	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT4]: HINT	
Direction	is	not	required	as	only	the	magnitude	is	
required.	
	

Commented [IT5]: HINT	
The	gravitational	force	acts	along	the	line	joining	the	
centres	of	the	two	objects.	
Gravitational	forces	are	consistent	with	Newton’s	third	
law	and	should	be	drawn	the	same	length.	



	
If	the	satellite	were	to	move	directly	over	Australia,	the	centre	of	its	orbit	would	
not	coincide	with	the	centre	of	the	Earth.	

	
The	satellite’s	orbit	wouldn’t	be	stable	because	the	gravitational	force	must	act	
towards	the	centre	of	the	Earth	and	toward	the	centre	of	the	orbit	in	order	to	
provide	the	centripetal	acceleration	for	uniform	circular	motion.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
The	gravitational	force	provides	the	centripetal	acceleration	for	uniform	circular	

motion.	
	

F  mv2

r
 GmM

r2
where m is the mass of the satellite

and M is the mass of the Earth

	

	

v2  GM

r
 v  GM

r
	

	

	
	

v  GM

r
 6.67x1011 x6x1024

4.2x107
 3.1x103 ms1 	

	
When	photons	are	reflected	from	a	solar	sail	they	experience	a	change	in	
direction	and	hence	a	change	in	momentum	(even	though	the	magnitude	of	the	
momentum	does	not	change).	This	is	because	momentum	is	a	vector	quantity.	
	

The	solar	sail	therefore	exerts	a	force	on	the	photons	( ).		

	
By	Newton’s	third	law,	the	photons	exert	an	equal	and	opposite	force	on	the	

solar	sail.	This	will	accelerate	the	solar	sail	and	hence	the	satellite	( a  F

m
).	

	
	
	



	
	

												

	
	

	
	
	
	
	
	
	
	
	
As	can	be	seen	by	the	vector	triangle	above,	


pball	is	directed	90o	away	from	the	

wall	.	
	

The	triangle	is	equilateral,	therefore	pball		=	4.54	kgms‐1			
	
	
	
	
	
	
	
	
	

	

60o	

4.54		kgms‐1	

4.54		kgms‐1	

Commented [IT6]: Comment	
sN	can	be	used	for	the	units	of	momentum	



	
	
The	magnitude	of	the	electric	field	at	points	B	and	C	is	the	same	because	the	
electric	field	between	parallel	conducting	plates	is	uniform.	
	
The	magnitude	of	the	electric	field	at	point	A	is	zero	(due	to	the	principle	of	
superposition).	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	

	
	 	

	
	
The	force	on	q2	due	to	q1	acts	to	the	right.	
	
The	force	on	q2	due	to	q3	must	therefore	have	the	same	magnitude	but	act	to	the	
left	in	order	for	the	two	forces	on	q2	to	cancel	to	zero.	
	
This	can	only	occur	if	q3	is	placed	to	the	left	of	q2.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT7]: 	
HINT	
SI	units	of	charge	are	required.	
To	convert	C	to	C	x10‐6	
	
Direction:	The	spheres	are	both	positively	charged.	It	
follows	that	q1	repels	q2.	



	
	
The	corona	wire	acts	as	a	sharp	point	(negatively	charged)	and	has	a	strong	
electric	field.	
	
It	is	positioned	under	the	path	of	the	paper	and	runs	along	the	length	of	the	
paper.	
	
The	strong	field	causes	charges	(negative)	in	the	air	between	the	wire	and	the	
paper	to	be	repelled	towards	the	paper.		

	
	
	
	
																																																																																																																																																																																																																																							
	
	
	
	
	
	
	
	
	
	
	
	



	

vH  sH

t
 t  sH

vH

 0.2

3.7x107
 5.4x109 s 	

	

	
	

s  1

2
at2  s  1

2
x1.1x1015 x(5.4x109 )2  0.016 m 		

	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT8]: HINT	
A	parabolic	path	is	traced	and	the	horizontal	component	
of	velocity	remains	constant.	

Commented [IT9]: HINT	
In	the	vertical	direction,	the	electrons	experience	a	
constant	acceleration.		



	
	

Since	E  V

d
,	then	increasing	d,	the	distance	between	the	plates	with	the	same	

potential	difference	will	decrease	the	electric	field.	
	

Since	 a  Eq

m
,	then	decreasing	E	will	decrease	the	acceleration	a,	because	q	and	

m	are	constant.		
	
The	vertical	displacement	will	therefore	be	smaller.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT10]: HINT	
The	right	hand	rule	is	used	to	determine	the	direction	of	
the	magnetic	field	within	the	coil.	



	
	
The	students	have	not	verified	the	relationship	because	the	force	is	not	directly	
proportional	to	the	current	ie	a	straight	line	of	best	fit	through	the	origin	did	not		
result.	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT11]: COMMENT	
Another	possible	conclusion	is	that	since	force	should	be	
directly	proportional	to	the	current,	a	systematic	error	
must	have	occurred.	Ie	all	values	of	force	recorded	are	
larger	than	they	should	be	by	the	same	value	and	the	line	
of	best	fit	therefore	doesn’t	pass	through	the	origin.	
	

Commented [IT12]: HINT	
From	F=BIlsin,	the	slope	represents	Bl	
The	slope	is	reduced	if	B	is	weaker	and	the	vertical	axis	
intercept	is	smaller	(systematic	error	is	likely	to	be	
reduced).	
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 T  2m

qB
 2 x1.673x1027

1.6x1019 x0.02
 3.3x106 s 	

	

	
	
Every	time	the	protons	pass	through	the	electric	field	they	gain	45	eV	of	kinetic	
energy	(W=K=qV).	
	
One	complete	rotation/circle	=	90	eV	
	
Total	time	=	period	x	number	of	rotations=3.2x10‐8	x	(18x106/90)=0.66	s	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
Charges	in	the	antenna	oscillate	horizontally.	The	electric	field	component	of	the	
electromagnetic	wave	produced	is	therefore	restricted	to	the	horizontal	plane	
only	and	therefore	the	plane	of	polarisation	is	in	the	horizontal	plane.	

	 	 	
The	receiving	antenna	needs	to	be	horizontal	in	order	to	receive	a	strong	signal	
ie	the	electric	field.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	

	
	
Altenating	dark	and	bright	fringes	of	equal	width	result.	
	
Many	slits	will	produce	bright,	thin	lines	with	large	regions	of	darkness	between	
them.	

	
The	two	coherent	light	sources	at	the	double	slits	travel	different	distances	in	
reaching	points	on	the	screen.	This	produces	a	path	difference.	

	
If	the	light	arrives	out	of	phase	(path	difference	of	(m+1/2)where	m=	0,	1,	2	
etc)	,	the	light	undergoes	destructive	interference	and	a	dark	fringe	results	due	
to	the	amplitudes	of	the	incident	light	waves	cancelling	to	zero.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	

Fringe	separation	is	given	by	y  L

d
.		

	
The	images	labeled	A	to	D	indicate	that	the	distance	between	adjacent	maxima	
(fringe	separation)	is	decreasing.		
	
This	could	only	be	caused	by	an	increasing	distance	between	the	double	slits	d,	
because	the	wavelength		and	the	slit‐to‐screen	distance	L	remain	constant.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	

y  L

d
   yd

L
 4x103 x6.5x105

0.42
 6.2x107 m 	

	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT13]: COMMON	ERROR	
Fringe	separation	must	be	converted	from		
4	mm		to	m	(x10‐3)		



	

d  1mm

300
 1x103m

300
 3.33x106 m  

 
d sin  m

  d sin
m

 3.33x106 sin11

1

  6.4x107 m

 

	

	
	
Accuracy	is	a	measure	of	how	close	the	experimental	value	is	to	the	true	value.	
	
The	value	obtained	using	the	diffraction	grating	therefore	gives	a	more	accurate	
value	as	it	is	closer	to	632.8	nm.	
	

	
	
	
	
	
	
	
	
	
	
	

Commented [IT14]: 	
REASONING	
The	slit	separation	given	there	are	300	per	mm	must	be	
expressed	in	SI	units	ie	metres.	



	
	
 

Time for the laser to cross the water once 
 

tw 
tb  ts

2
 (

2.88x106  2.52x106

2
) 1.8x107 s  

 
depth  v

laser in water
xtw

 2.3x108 x1.8x107

 41.4 m  41 m (2sf )

 

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT15]: 	
COMMON	ERROR	
SI	units	are	required	for	time.	
s	to	s		x10‐6	



	
	
When	photons	of	energy	E=hf	are	incident	on	the	surface	of	a	metal,	one	electron	
in	the	metal	can	absorb	the	energy	of	one	photon.	
	
Electrons	in	the	metal	need	different	amounts	of	energy	to	be	ejected	depending	
on	how	deep	within	the	metal	they	are	found.	
	
Using	the	law	of	conservation	of	energy,	the	energy	of	the	photon	is	used	to	eject	
the	electron,	and	any	left	over	energy	becomes	the	kinetic	energy	of	the	released	
electron.		
	

Ephoton  Eeject K 	

Electrons	closest	to	the	surface	require	the	least	amount	of	energy	to	be	ejected.	
They	are	ejected	with	maximum	kinetic	energy.	
	

Ephoton  Eeject K

hf W Kmax

Kmax  hf W

	

When	this	equation	is	compared	to	the	equation	of	a	straight	line,	y=mx+c,	it	can	
be	seen	that	the	gradient	or	slope	of	the	line	would	give	Planck’s	constant	h.	
	

	



	
	
	
The	 electrons	 are	 accelerated	 by	 a	 uniform	 electric	 field.	 Using	 the	 law	 of	
conservation	of	energy,	the	work	done	by	the	field	is	equivalent	to	their	kinetic	
energy.		
	

W  K  1

2
mv2  eV 	

	The	speed	of	the	electrons	is	given	by	 v  2eV

m
.		

Their	momentum	is	given	by	 p  mv  m
2eV

m
 2meV .	

	

	
 

Resolution	is	the	ability	to	distinguish	between	two	points	that	are	very	close	
together.		
	
Resolution	is	limited	due	to	diffraction	effects.	Diffraction	becomes	noticeable	if	
the	separation	of	the	point	is	comparable	to	the	wavelength.	The	smaller	the	
wavelength,	the	greater	the	resolution.	 	 	
	
Increasing	the	potential	difference	will	increase	the	momentum	of	the	electrons.	

This	will	decrease	the	wavelength		(   h

p
)	and	hence	increase	resolution.	

 

	
	
	
	
	



	
As	the	electrons	collide	with	the	target	metal,	they	lose	kinetic	energy.	99%	of	
this	kinetic	energy	is	converted	to	heat.	This	is	why	the	target	gets	hot.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
(4	marks)	

High	intensity	
peaks	

Continuous	X‐ray	
spectrum	

Maximum	or	cut‐off	
frequency	



	
	

485	nm	
	

	

E  hf  hv


 6.63x1034 x3x108

485x109
 4.10x1019 J 	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT16]: COMMON	ERROR	
SI	units	are	required:		nm	must	be	converted	to	m	(x10‐9)	



	
	
Consider	light	containing	a	continuous	range	of	frequencies	incident	on	the	
mixture	of	gases.	
	
Photons	that	exactly	match	the	energy	levels	in	the	atom	are	absorbed	in	
promoting	electrons	in	the	atoms	to	higher	energy	levels.		
	
These	photons	disappear	from	the	continuous	spectrum	and	appear	as	dark	
lines.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
The	energy	of	the	photon	must	exactly	match	the	energy	difference	between	
energy	levels	in	order	to	promote	an	electron	to	a	higher	energy	level.	There	is	
no	gap	between	the	ground	state	and	any	of	the	higher	energy	levels	of	exactly	
20.10	eV.	

	
	
A	metastable	state	means	that	electrons	remain	in	that	energy	level	for	a	longer	
period	of	time.	
	
This	will	enable	a	population	inversion	(a	greater	proportion	of	excited	atoms	
than	atoms	found	in	the	ground	state).	
	
These	two	conditions	are	required	for	stimulated	emission	to	predominate	over	
spontaneous	emission.	This	results	in	a	greater	number	of	emitted	photons.	This	
makes	neon	a	suitable	gain	medium.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
From	the	graph	it	can	be	seen	that	the	activity	halves	(8000	to	4000	and	4000	to	
2000	etc)	every	58	days.	
	

	
Iodine‐123	has	a	much	shorter	half‐life	that	Iodine‐123.		
	
The	number	of	gamma	photons	emitted	and	detected	in	order	to	create	the	
image	can	occur	from	a	smaller	dose.		
	

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
Number	of	half	

lives	
%	remaining	

0	 100	
1	 50	
2	 25	
3	 12.5	
4	 6.25	
5	 3.125	

	
5	half	lives	have	passed.	
	
Time	taken	=	5x13	=	65	hours	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
p  pnitrogen  pelectron  4.5x1023 4.6x1023	
	
	
	
	
	

	
	
	
	

	
	

p  (4.6x1023)2  (4.6x1023)2  6.4x1023 kgms1 	

	

tan  4.5x1023

4.6x1023
  44o 	

	

p  6.4x1023 kgms1 N 44oW 	

	

	
	

4.6x10‐23	kg	m	s	‐1	

4.5x10‐23	kg	m	s	‐1	
p	



Commented [IT17]: COMMENT	
The	diagram	shows	the	direction	of	true	north.	This	helps	
give	the	final	direction	of	the	momentum	vector.	



	
	
The	total	initial	momentum	before	the	decay	is	zero	as	the	nucleus	is	stationary.	
According	to	the	law	of	conservation	of	momentum,	the	total	initial	and	final	
momentum	remains	unchanged.	This	means	that	the	total	final	momentum	is	
zero.	
	
The	vector	triangle	representing	the	total	momentum	of	the	decay	products	is	
not	zero.	It	follows	that	another	particle	(the	antineutrino)	must	be	emitted	to	
conserve	momentum.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
Since	boron	readily	absorbs	neutrons,	it	is	likely	to	be	used	in	control	rods.	
	
Control	rods	absorb	neutrons	in	order	to	control	the	chain	reaction	that	is	a	
result	of	fission.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT18]: REASONING	
The	moderator	slows	the	neutrons	down	but	does	not	
absorb	neutrons	readily.	



	
	
Mass	of	products	 m	Li	+	m	He	=	1.1650x10‐26	+	6.6465x10‐27	=	1.82965x10‐26	kg	

	
	

Mass	of	reactant	 m	B	+	m	n	=		1.6627x10‐26	+	1.6749x10‐27	=	1.83019x10‐26	kg
	 	 	

	
	
	

m  mreactants mproducts 1.83019x1026 1.82965x1026  5.4x1030 kg 	

	

E  mc2  5.4x1030 x(3x108)2  4.86x1013 J  3.04 MeV (3sf ) 	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Commented [IT19]: COMMON	ERROR	
To	convert	J	to	eV	divide	by	the	charge	of	an	electron.	
Divide	by	a	further	106	to	get	the	answer	in	MeV.	



	
	

4.785	MeV	
	

	
	

0.186	MeV	
	

	
	
	
	
	
	
	
	
	
	
	

4	
2	

	
226	
88	



	
	
	
A	large	amount	of	kinetic	energy	is	required	to	overcome	the	long‐range	
repulsive	coulomb	forces	that	exist	as	the	two	positive	nuclei	try	to	fuse.	
	
The	closer	the	nuclei	become	the	greater	the	repulsive	force	becomes.	
	
If	the	repulsive	force	is	overcome	and	the	nuclei	move	to	within	a	few	nucleon	
diameters	of	each	other,	they	will	be	drawn	in	by	the	short‐range	attractive	
nuclear	forces.	 	 	 	
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m

Commented [IT20]: HINT	
The	independent	variable	is	plotted	on	the	horizontal	axis.



	
	

	
Mass	
(g)	

	
Frequency	

(Hz)	

	
f2	

(Hz2)	
x104	

500	 197	 3.88
750	 211	 4.45	
1000	 263	 6.92	
1250	 291	 8.47	
1500	 314	 9.86
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How	the	value	of	frequency	squared	varies	with	mass

f2	
(Hz2)	

X106	

Mass	(g)	



	
	

gradient  rise

run
 9.2x106

1400
 67.7  68 Hz2g1 	

	
	

	
	

Compare	 f 2  mg

4L2
	to	the	equation	of	the	line	of	best	fit	f2=68m	

	

Gradient	=	68=
g

4L2
	

  g

4x68xL2
 9.8

4x68x0.3252
 0.34 kgm1 	

	
Random	errors	can	be	reduced	by	repeating	the	measurement	of	frequency	
several	times	for	each	mass	that	is	added.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
One	property	of	the	ball	that	affects	the	amount	of	force	it	experiences	due	to	air	
resistance	is	its	shape.	If	the	ball	is	streamline/aerodynamic,	then	it	experiences	
a	smaller	force	due	to	air	resistance.	This	is	because	air	can	easily	flow	over	and	
around	the	ball	causing	fewer	collisions	with	air	particles.	
	
Another	property	of	the	ball	that	affects	the	amount	of	force	due	to	air	resistance	
is	the	size	(cross	sectional	area)	of	the	ball.	Assuming	the	shape	is	the	same	and	
the	ball	is	spherical,	then	a	larger	ball	experiences	a	larger	force	due	to	air	
resistance.	This	is	because	there	is	a	greater	area	of	the	ball	in	contact	with	the	
air	and	hence	more	collisions	with	air	particles.	
	
Air	resistance	will	reduce	the	time	it	takes	a	ball	to	reach	its	maximum	height.	
This	is	because	air	resistance	is	the	unbalanced	force	that	opposes	the	motion	of	
an	object	as	it	moves	through	the	air.	This	means	that	the	ball	will	decelerate	at	a	
greater	rate	as	it	rises	and	hence	come	to	rest	sooner.	In	fact,	the	acceleration	
without	air	resistance	would	be	the	gravitational	acceleration	(9.8	ms‐2	and	
down)	but	when	air	resistance	acts	the	acceleration	would	be	greater	than	this	
value.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	

 

 http://webs.mn.catholic.edu.au/physics/emery/prelim_cosmic.htm#surface 

	
When	charges	enter	perpendicularly	to	a	uniform	magnetic	field,	the	force	due	to	
the	magnetic	field	is	constant	and	always	acts	at	90o	to	the	velocity	of	the	
charges.	The	magnetic	force	therefore	provides	the	centripetal	acceleration	for	
uniform	circular	motion.	
	
The	magnitude	of	the	force	is	given	by	F  Bqvsin 	where	F	is	the	magnetic	
force,	B	is	the	magnitude	of	the	magnetic	field,	q	is	the	magnitude	of	the	charge,	v	
is	the	speed	of	the	charges	and	is	the	angle	that	the	charges	make	with	the	
magnetic	field.	
	
Gamma	radiation	has	no	charge	and	will	therefore	pass	through	the	magnetic	
field	un‐deflected.		
	
Referring	to	figure	1,	alpha	decay	and	beta	plus	decay	would	deflect	upwards.	
The	direction	of	the	force	is	given	by	the	right	hand	rule.	The	thumb	points	in	the	
direction	of	motion	of	the	positive	charges,	the	outstretched	fingers	point	in	the	
direction	of	the	magnetic	field	and	the	force	acts	away	from	the	palm	of	your	
hand.	This	means	that	alpha	decay	and	beta	plus	decay	(both	positive)	are	
deflected	upwards.	Beta	minus	has	a	negative	charge	and	therefore	deflects	
downwards.	
	

To	distinguish	between	alpha	and	beta	plus	decay,	the	equation	 r  mv

Bq
indicates	

that	for	alpha	and	beta	decay	entering	the	same	magnetic	field	B	with	the	same	
speed	v,	the	radius	of	curvature	r	is	proportional	to	the	mass	to	charge	ratio.	
Since	the	mass	to	charge	ratio	for	alpha	decay	is	greater	than	the	mass	to	charge	
ratio	for	beta	decay,	the	radius	of	curvature	for	alpha	decay	is	greater.	


