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3. A 225 g mass is rotating at 75 revolutions per minute on 2 4.0 m long string.

How would the angular velocity of this mass change if it continued to rotate with the same frequency,
but the string was let out until it was 6.0 m long? '

(A) The angular velocity would be 1.5 times greater.
(B) The angular velocity would decrease by one third.
(C) The angular velocity would decrease by two thizds.
(D) The angular velocity would not change.

4. Which identifies the characteristics of the mation of a projectile?

(A) The vertical velocity is greater than the horizontal velocity.
(B) Both the net velocity and acceleration are constant. -
(C) It has constant horizontal motion and uniformly accelerated vertical motion.

(D) It has constant vertical motion and uniformly accelerated horizontal motion.

5. Three current-carrying wires are set up as shown. The force on wire Y due to the other two

~ wires in this sitnation is F.

20A ' » X
d
4.0 A P ‘L Y
2d
3.0A v _—

What will happen to the force on Y if the currents in X and Z are each doubled but the distances stay
the same?

(A) It will halve to F/2.

(B) It will be the same value but in the opposite direction,
(C) It will double to 2F.

(D) It will quadruple to 4F.
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8. Atom X undergoes alpha decay to form atom Y.

® @

How will the nucleus of Y be different from that of X7

(A) The nucleus of Y will have 2 protons more than the nucleus of X
(B) The nucleus of Y will have 2 protons less but the same number of neutrons as the nucleus of X
(C) The nucleus of Y will have 2 protons and 2 neutrons more as the nucleus of X

(D) The nucleus of Y will have 2 protons and 2 neutrons less as the nucleus of X

9. The figure below shows a vehicle travelling in a horizontal circle at constant speed on a

frictionless banked track.

Which arrow, A, B, C, D, represents the direction of the net force on the vehicle?

10. A laptop charger with 1600 turns in the primary coil and 800 turns in the sccondary coil draws
a current of 3.34 A.
If the transformer is ideal, what is the current in the primary coil?
(A)0.67 A
(B) 1.67 A
(Cy1.73 A
(D) 6.68 A
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14. The absorption spectra of 4 metals and a star are shown below

calcium

sodium

iron I

magnesium

spectrum of |
star

Which metals are present in the star?
(A) calcium, sodium, iror, magnesium
(B) calcium, iron, magnesium
(C) cal¢cium, iron,

(D) sodium, iron, magnesium

15. The following experiment is set up to demonstrate the photoelectric effect. Light of a fixed

frequency is directed onto a metal plate. The photocurrent is measured using the ammeter.
e
& —
©

&)

If the intensity of intensity of the light is increased, what other variable will also increase?

| (A) maximum photon energy
(B} photon wavelength
'(C)"Iiiéx'ihium electron kinetic énéréy '

(D) photocurrent magnitude
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18. A charged particle, g, enters a uniform magnetic field B at velocity v. The particle follows a

circular path of radius, » as shown.

X ® o » x®
B
LY
x ST x ®
\\
LY
L]
x ® b*y x x
r :
.—-—-—.—.
t
X ® » ® =
f
’
L
[
X x x % b's

g e—=wy
X X X » x

If the magnitude of the magnetic field was doubled and the other variables were kept constant, what
would the new radius be? .

Az
®
(C) 2r.
(D) 4r

19. ‘Prior to digital technology, the use of a pendulum was the most accurate method for determining

the acceleration due to gravity in a school laboratory.’

Which explanation best justifics this statement?

(A) pendulums are very easy for students to set up
(B) the equations needed for calculations are easy touse
{(C) measurement errors for the main variables can be minimised

(D} a stop waich can be used to measure the time for one swing
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. Question 21 (6 marks)

A cannon fired a projeétile from a cliff, with an initial

B N—
\Q '-";f."&.\ i \“"x
h\ ._4-""
#° \g 8 =55° i
1.6 m \
52m s

note: diagram not drawn to scale. Ignore the effect of air resistance in your calculations.

(a) What was the maximum height above ground level reached by the projectile?

(b) What was the velocity of the projectile at the position of maximum height?
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(¢) How far had the projectile travelled horizqntally at the position of maximum height?

velocity of 110 ms™ at an angle of 55° as shown,
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Question 22 (8 marks)

The table displays data from the & planets in our solar system.

Mercury Venus Earth Mars Jupiter Saturn Uranus | Neptune
Mass {x 10%%g) 0.33 4.87 5.97 0.642 1898 568 86.8 102
. Diameter (km) 4879 12,104 | 12,756 | 6792 | 142,984 | 120,536 | 51,118 | 49,528
. Density (kg/m3] 5427 5243 5514 3933 1326 687 1271 1638
Length of 4222.6 2802 24 24.7 9.9 10.7 17.2 16.1
- Day (hours)
Arbital 88 2247 | 3652 | 687 4331 | 10747 | 30,589 | 59,800
Period (days)
Average Distance
from Sun (x10° km) 57.9 108.2 149.6 227.9 778.6 1433.5 28725 4495.1
Penbelion 46 107.5 147.1 | 2066 | 7405 | 13526 | 27413 | 44445
{x10° kem)

The mass of the Sun = 2.00 x 10% kg,

(a) At what distance from the sun is Mercury travelling with its greatest orbital velocity? Which of

Kepler’s laws did you use to answer this?

(b)What is the average gravitational force between the Sun and Mars?

p

(c) What is the gravitational field strength on the surface of Saturn?
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022 continued

(d) What is the escape velocity from the surface of Saturn? 2

Question 23 (5 marks)

Students carried out an experiment to determine the relationship between the radius and velocity for a
42 g mass moving with a uniform circular motion. The centripetal force was kept constant for each
variation in radius. The time for 10 complete cycles was measured. The results are shown in the table
below.,

Radius of turn [cm) time for 10 cycles (s)
10 4.3
20 6.1
2?;0 7.3
40 85
$0 8.5
60 101

They were asked by their teacher to use all the results to determine the magaitude of the constant
centripetal force.

List and explain the steps of the analysis required to calculate the centripetal force. (You are not
required to calculatethe force.)

Hornsby Girls High School 2Unit Physics HSC Trial 2019 13



Question 24 (6 marks)

A motor uses a coil with 80 turns that has dimensions of 0.092 m by 0.077 m, as shown in the
diagram. A current of 1.5 A flows through the coil in the direction shown. The coil is vertical and is in
a magnetic field of 5.1 x 102 T directed upwards,

A F'y A A & F Y
A A B

/

i 0.G77m
Ny

0.092m
c D
{a) What is the magnitude and direction of the magnetic force exerted on side AB? 3

(b) What is the magnitude and direction of the torque experienced by the coil in this position? 2

_(¢) The coil rotates as a result of the applied torque. What would happen to the magnitude of the
torque as the coil rotates through 90°? 1

Hornsby Girls High School 2Unit Physics HSC Triaf 2019 14



Question 25 (4 marks)

A rectangnlar loop of wire is moved at a constant velocity across a maguetic field as shown in the
diagram. The plane of the coil is perpendicular to the field lines at all times.

A current flows in the direction shown in Fig 1. and the coil experiences a force in the opposite
direction to the motion. However, when the coil is entirely inside the field, Fig. 2, there is no current
and no opposing force.

X X X X X X X X X
X X X X X X X X 3
XX X X X X X X Y

i X X X X X 3

[ xxixxxx X )
XX X X X X X X

_ A X X X X X X X X
Fig. | Fig. 2

Use your understanding of Faraday’s law and Lenz’s law to explain this scenario.

Harnsby Girfs High School 2Unit Physics HSC Trial 2019 15



Question 26 (5 marks)
A battery operated electric drill was connected to an ammeter to measure the current in the rotor.

When the drill was switched on, the current rapidly increased to 5.5 A and then reduced quickly to a
steady value of 0.9 A.

The drill was then used to drill a hole, placing a load on the motor. The current went up to 2.1 A while
it was drilling.

F 3

current

h 2

time

Explain why the current changed like this.
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Question 27 (6 marks)

Throughout history, light has been a mystery that scientists have tried to explain. During the 1700s, the
two prominent scientists Newton and Huygens proposed very different hypotheses on the nature of

light.

(a) Compare Newton’s and Huygens’ models of light, including ONE similarity and ONE difference
between them. 4

(b) Huygens’ model was accepted over Newton’s largely due to the experimental work of Thomas
Young. What did Young’s work show and how did it support Huygens over Newton? 2
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Question 28 (5 marks)

Photoelectric effect data using sodium as a target metal is given below.

Light (photon) frequency (x 10 Electron kinetic energy (eV)
Hz)
6.0 0.18
8.8 1.32
12.5 2.85
15.0 3.81
16.4 4.65

(a) Plot a graph of this data. Draw a line of best fit.

maximum electron kinetic
energy (eV)

S

[i%)

n

[N

8 frequency (x 10 * Hz)

He

L

w

(b) Use the graph to:

(i)derive a value for Planck’s constant ‘h’ with unit eVs. Show working on the graph.
'

(b) find the work function for sodium metal.
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Question 29 (4 marks)

An oil drop of mass 1.177 x 107" kg falls vertically into the evacuated space between two parallel
charged plates, which are 2.00 cm apart. The oil drop is negatively charged.

1.177x105kg @ 2.00cm

(a) The voltage is altered so that it slows the oil drop until it is stationary. When the potential
difference between the plates is 72.0 V, the oil drop stops moving. How many excess electrons are on
the oil drop? 3

(b) An experiment with a similar approach was used by Robert Millikan. What did he conclude from
his investigation? 1

Hornsby Girls High School 2Unit Physics HSC Trial 2019 20



Question 30 — (4 marks)

The diagram shows a representation of a hydrogen atom.

The atom absorbs a photon of electromagnetic radiation which causes an electron to transition from
Level 2 to level 5 — the transition marked A.

(a) What is the frequency of the absorbed photon? 3

(b) What would result from an electron transition marked F between level 4 and 1?7 (No calculation is
required). 1
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Question 31 (9 marks)

Our understanding of the atom changed significantly between 1904 and 1913 through the contributions
of Thompson, Rutherford and Bohr

Outline the main features of each model and explain how each model improved upon the existing
model.
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Question 32 (6 marks)

The graph shows the average binding energy per nucleon for a range of elements.

9
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(a) Elements to the left of Fe-56 on the graph are formed by nuclear fusion. Explain how this is related
to binding energy. 3

(b) A nucleus of U - 235 will break down into 2 smaller nuclei if it captures a neutron.

What is this process called? 1

Question continued on next page
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The reaction below shows that, as an example, U-235 can break into Ba-141 and Kr-92.

I+ 30— tloa + B+ o]

Energy is released in this process.

(c) Where does the energy come from and how could it be calculated? 2

Question 33 (4 marks)

Muons are unstable subatomic particles that decay into electrons and neutrinos with a mean lifetime of
2.2 us. They are produced when cosmic rays bombard the upper atmosphere about 11.4 km above the
earth's surface, and they travel very close to the speed of light relative to the earth.

Explain how observations of these muons can be used as evidence to support Einstein’s Special
Theory of Relativity.
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Question 34 (8 marks)

A group of students went on an excursion to the reactor at the Australia’s Nuclear Science and
Technology Organisation. During a walk around the facility, the tour guide stated that a radioactive
substance, technetium-99m, which is produced in the reactor, has a decay constant of 3.2 x 107 s 1.

(a) What is the half-life of technetium—QQ_m in hours? 2

(b)Technetium-99m is a pure gamma emitter. The activity of two samples of technetium-99m was
measured using a Geiger counter. The activity of one sample was found to be three times greater than
the other. What does this tell you about the 2 samples? 2

(c) Technetium-99m is formed from the breakdown of molybdenum-99. What type of particle would
molybdenum-99 emit to form technetium-99m? 1

Question continued on next page
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The graph shows how the number of molybdenum-99 nuclei changes over time as the nuclei decay.
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(d) What ig the half-life, in days, of molvbdenum-99? 1

(e) What percentage of the criginal molybdenum-99 is remaining after 8 days? 2

End of examination
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Extra page — Question 28-34 — If you use this page CLEARLY indicate which question is being
answered
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3. A 225 g mass is rotating at 75 revolutions per minute on a 4.0 m long string.

How would the angular velocity of this mass change if it continued to rotate with the same frequency,
but the string was let out until it was 6.0 m long? '
¢ onyt Muw b

AALG A
{A) The angular velocity would be 1.5 times greater. )

(B) The angular velocity would decrease by one third. a M‘a e <o V‘B’\
(C) The angular velocity would decrease by two thirds. . D

Famma S
@)}The angular velocity would not change.

4. Which identifies the characteristics of the motion of a projectile?

-' mo_’hﬁ‘\
if”iif pol by

(A) The vertical velocity is greater than the horizontal velocity. 05

(B) Both the net velocity and acceleration are constant. 5\/&\/ -
o ) ) T B W i

(Cy1It has constant horizontal motion and uniformly accelerated vertical motion. . .

(D) It has constant vertical motion and uniformly accelerated horizontal motion. tJ

5. Three current-carrying wires are set up as shown. The force on wire Y due to the other two

_ wires in this situation is F. L 3 6&?&3 ,f} = \mvﬁﬂ_

‘:) ﬂf‘
]‘-_— ) F +F, 20A 3 . '*f
doukte e 40 A < y 4 mﬁ Y
= 9 Fx v b2 \L e
gLFx* ‘z) 2d
;lgr_,)f 30A Y yA

L J

"

s

{\
Y

-—--—-What will‘happen to the force on Y if the currents in X and Z are each doubled buit the distances stay
the same?

(A) It will halve to F/2,

(B) It will be the same value but in the opposite direction,
@ will double to 2F.

(D) It will quadruple to 4F.
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8. Atom X undergoes alpha decay to form atom Y.

How will the nucleus of Y be different from that of X?

(A) The nucleus of Y will have 2 protons more than the nucleus of X
(B) The nucleus of Y will have 2 protons less bui the same number of neutrons as the nucleus of X
(C) The nucleus of Y will have 2 protons and 2 neutrons more as the nucleus of X

(D) The nucleus of Y will have 2 protons and 2 neutrons less as the nucleus of X

9. The figure below shows a vehicle travelling in a horizontal circle at constant speed on a
frictionless banked track,

Which artow, A, B, C, D, represents the direction of the net force on the vehicle?

10. A laptop charger with 1600 turns in the primary coil and 800 turns in the secondary coil draws
a current of 3.34 A.

If the transformer is ideal, what is the current in the primary coil?

- 3¢
(A)0.67 A vV, T [teo = 33~
(B)1.67 A Lot "g",&f Lo
© 173 A Vi J-:f - 234 = 1¢7
(D) 6.68 A (" —=
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14. The absorption spectra of 4 metals and a star are shown below.

calcium v’
sodium 3

p J
iron v

magnesium |F(

spectrum of
star

Which metals are present in the star?
(A) calcium, sodium, iron, magnesium

(B) calcium, iron, magnesium

@calcium, iron,

(D) sodium, iron, magnesium

15. The following experiment is set up to demonstrate the photoelectric effect. Light of a fixed

frequency is directed onto a metal plate. The photocurrent is measured using the ammeter.

I—a)
If the intensity of intensity of the light is increased, what other variable will also increase?

| (A) maximum photon energy M ‘9[\/7495\ g e f@"
(B) photon wavelength

Ca

'(C)"Iiiéx"i'liium electron kinetic énéréy o

y (D)photocurrent magnitude
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18. A charged particle, g, enters a uniform magnetic field B at velocity v. The particle follows a
circular path of radius, » as shown.

x *® ® »* x ?_
..... . B g . ww
® % \‘,\x x x ?U_ - e
r
4 ® )e\ » x
r ' o v
— =
: (=M™
X ® %/ » ®
; ?, 8
L
[
X » ’.-’ b % % ' i
g i Cot L Lo 2
x ¥ X » x 6 z Zg

If the magnitude of the magnetic field was doubled and the other variables were kept constant, what
would the new radius be? -

r
(A=

@;
(©) 27.
(D) 4r

19. ‘Prior to digital technology, the use of a pendulum was the most accurate method for determining

the acceleration due to gravity in a school laboratory.’

Which explanation best justifies this statement? ’,h Mo, J
| f_ r“d(wtoi'
~¢(A) pendulums are very easy for students to set up J wA (;ff(..n. "rL
. »((B) the equations needed for calculations are easy touse /_'_" o S J’ .
: @measurement errors for the main variables can be minimised

\){(D) a stop watch can be used to measure the time for one swing
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Section I
Multiple Choice Answer Sheet

Shade in the oval. If you make a change, clearly indicate which the correct answer is.
. A& B O cO DO
2. A® B O cO DO
3. ACO B O cCO D &
4. AD B O Ca&® D O
5. AO B O C D DO
6. A& B O cO DO
7. AO B O C& D &
8. AO B O cCO D &
9. AO B @& cCO DC
0. AO B & cCO DO
1. A& B O cO DO
2. A O B O cO D &
13. AO B OO cCOO D&
4. A O BO @& DO
15 A B O cCC D @
6. AO B O CS® DO
17 AO B® CO . DO
18. A O B & cO DO
19. AO B O c@® DO
20, AO B & cO DO



Student Number

. Question 21 (6 marks)

A cannon fired a projeétile from a cliff, with an initial velocity of 110 ms™ at an angle of 55° as shown,

“y Q@q}\f '''''' sl Wy = U5 b
- § =550 J € ffosn 5SS
O ~IYm™ 5 J15m Y\ = To s, as” P
\l/ 4 _ \"\ U—)L': (fwe
sm Y 7S = 10 e SY
“‘.‘ © 63 ms?! 5

note: diagram not drawn to scale. Ignore the effect of air resistance in Yyour calculations,

(a) What was the maximum height above ground level reached

by the projectile? 3

USing Verficat ca\«fmbﬂ?f’ UFz e T=0 of max &VM
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Question 22 (8 marks)

The table displays data from the § planets in our solar system.

Mercury Venus Earth Mars Jupiter Saturn Uranus | Neptune
Mass {x 10%%g) 0.33 487 | so7 | B642)| 1898 | e} | ses 102
. Diameter (km) 4879 12104 | 12,756 | 59927 | 142,984 | D083 )| 51,118 | 49,528
| Density (kg/m3) 5427 5243 5514 | 3933 1326 687 1271 1638
Length of 4222.6 2802 24 24.7 9.9 10.7 17.2 16.1
- Day (hours)
Orbital
. 88 2247 | 365.2 587 4331 | 10,747 | 30,589 | 59,800
Period (days)
Average Distance 57.9 1082 | 1496 | 227.9) | 7786 | 14335 | 28725 | 4495.1
from Sun {x10° km) e
Perihelion 26 1075 | 1471 | 2066 | 7405 | 13526 | 27413 | 44445
{x10° km)
Aghelion (x 10°km) | 698 1089 | 1521 | 2492 | 8166 | 15145 | 3003.6 | 4545.7

The mass of the Sun = 2.00 x 10%° kg,

(a) At what distance from the sun is Mercury travelling with its greatest orbital velocity? Which of
Kepler’s laws did you use to answer this?

Hornsby Girls High School 2Unit Physics HSC Trial 2019
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022 continued

(d) What is the escape velocity from the surface of Saturn? 2
.......... LI et e
LA
el ;-‘-' ------------------ ::-.. -----------------------------
QG o (25 - Ixto ,,,}Scf.mla‘c
OGRS SPPR R R T S TTT, WOt OOV
3

...........................................................................................................................

Question 23 (5 marks)

Students catried out an experiment to determine the relationship between the radivs and velocity for a
42 g mass moving with a uniform circular motion. The centripetal force was kept constant for each
variation in radius. The time for 10 complete cycles was measured. The results are shown in the table
below,

Radius of turn (cm) time for 10 cycles (s)
10 4.3
20 6.1
2?;0 7.3
40 85
$0 8.5
60 101

They were asked by their teacher to use all the results to determine the magnitude of the constant
centripetal force.

List and explain the steps of the analysis required to calculate the centripetal force. (You are not
required to calculatethe force.)

{. cow{n‘f reclemn tnTR mafes 5o 74vu~ 5 i
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Question 24 (6 marks)
A motor uses a coil with 80 turns that has dimensions of 0.092 m by 0.077 m, as shown in the
diagram. A current of 1.5 A flows through the coil in the direction shown. The coil is vertical and is in

a magnetic field of 5.1 x 102 T directed upwards,

Fy A F Y A A A
A | B
/
>< - 0.077m
‘f
0.092m
C D

(a) What is the magnitude and direction of the magnetic force exerted on side AB? 3
F e aBTL
............................................... B TP O P PR
................. = 8w S Xl XS X2
-
.................. = L TN e sl e
(b) What is the magnitude and direction of the torque experienced by the coil in this position? 2
............. C=wBIAsinb QA az80. ...
-2
................. 2 80x S X1 1S (20092 x0:077) 5090
-3
e = A 3x107 7 Ns Sl W<w<474m><
n—'—'—-"-"-

............................................................................................................................

() The coil rotates as a result of the applied torque. What would happen to the magnitude of the
1

torque as the coil rotates through 90°?
........ O T VLo NI 3.0 e S At v

14
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Question 25 (4 marks)

A rectangular loop of wire is moved at a constant velocity across a magnetic field as shown in the
diagram. The plane of the coil is perpendicular to the field lines at all times.

A current flows in the direction shown in Fig 1. and the coil experiences a force in the opposite
direction to the motion. However, when the coil is entirely inside the field, Fig. 2, there is no current
and no opposing force.

X X X X X X X X
XX X X X X X X 3
X[X X X X X X X 3

i X X X X X )

[ xxixxxx X )
X[X X X X X X X 3

— X X X X X X X X ¥
Fig. 1 Fig. 2

Use your understanding of Faraday’s law and Lenz’s law to explain this scenario.

b

Vo & conkuche gxntrgmets C\%w}ﬂa—fwkmqﬁ“ .....

.........................................................................................................................
.......................

.....................................................................................................

......................................................................................................................

-------------------

................................................................................................................
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Question 26 (5 marks)

A battery operated electric drill was connected to an ammeter to measure the current in the rotor.

When the drill was switched on, the current rapidly increased to 5.5 A and then reduced quickly to a
steady value 0f 0.9 A.

The drill was then used to drill a hole, placing a load on the motor. The current went up to 2.1 A while
it was drilling.

F 3

current

v

k 4

time

Explain why the current changed like this.

mwfwfsdw?%f‘“ﬂw‘wﬁ‘ay@jﬂf”ﬂf'ﬁ‘f’*f"‘”

ooooooooo

.............................................................................................

.......................................

...................................................................................
................................................

.....................................................................................

..........................

....................................................

.............................................

...........................................................................

...........................................................................................................................
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Question 27 (6 marks)

Throughout history, light has been a mystery that scientists have tried to explain. During the 1700s, the
two prominent scientists Newton and Huygens proposed very different hypotheses on the nature of

light.

(a) Compare Newton’s and Huygens’ models of light, including ONE similarity and ONE difference
between them. 4

......................................................................................................

gl pEnfetl slahs | fenhsfo | seklast corpusele
.....ff‘.’?..g..‘?:‘ﬁfs.é' ..... fropossst, Toost Lard ooa o fampudins)
‘Z @éﬁd e Gidlen

.....................................................
......................................................................................
----------------------------------------------------------

L}

----------------------------------------------------------

...........................................................................................................................

.........................................................................................................................

........................................................................................................................

........................................

.......................................................................................

Hornsby Girls High School 2Unit Physics HSC Trial 2019 17



’“—/-"M Sl

Student Number

Question 28 (5 marks)

Photoelectric effect data using sodium as a target metal is given below.

Light (photon) frequency (x 10 Electron kinetic energy (eV)

Hz)

6.0 0.18
8.8 .32
12.5 2.85
15.0 3.81
16.4 4.65

(a) Plot a graph of this data. Draw a line of best fit. 2

maximum electron kinetic
energy (eV)

S
)

/g

n
B

9 T frequency (x 10 * Hz)

He

w

(b) Use the graph to:
(i)derive a value for Planck’s constant ‘h’ with unit eVs. Show working on the graph. 2

.......................................................................................................
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Question 29 (4 marks)

An oil drop of mass 1.177 x 10" kg falls vertically into the evacuated space between two parallel
charged plates, which are 2.00 cm apart. The oil drop is negatively charged.

L AR A L ETE T _|.

1.177x10%kg @

(a) The voltage is altered so that it slows the oil drop until it is stationary. When the potential
difference between the plates is 72.0 V, the oil drop stops moving. How many excess electrons are on

the oil drop? 3
......... L LR ... N -S—
................................ y l.."??%/-:.”,&\ﬁ.....

............................................................................................................................

............... g . 4 = I S« 9. d v e0ze0.
"3 v 7 2- \

.............................

............................................................................................................................

(b) An experiment with a similar approach was used by Robert Millikan. What did he conclude from
his investigation? 1
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Question 30 — (4 marks)

The diagram shows a representation of a hydrogen atom.

The atom absorbs a photon of electromagnetic radiation which causes an electron to transition from
Level 2 to level 5 — the transition marked A.

(a) What is the frequency of the absorbed photon? 3
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Question 31 (9 marks)

Our understanding of the atom changed significantly between 1904 and 1913 through the contributions
of Thompson, Rutherford and Bohr

Outline the main features of each model and explain how each model improved upon the existing
model.
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Question 32 (6 marks)

The graph shows the average binding energy per nucleon for a range of elements.

:
§
2
3
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60 80 100 120 140 160 180 200 220 240
Number of nucleons In nucleus, A

(a) Elements to the left of Fe-56 on the graph are formed by nuclear fusion. Explain how this is related
to binding energy. ‘ 3
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.................................................................................................................

(b) A nucleus of U - 235 will break down into 2 smaller nuclei if it captures a neutron.

What is this process called? E i 1
....................... %ggﬂdm“qgﬁAL&Hmmm”mmM”*mmm“mmmwm“mm“

Question continued on next page
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The reaction below shows that, as an example, U-235 can break into Ba-141 and Kr-92.

on + %33U — "54Ba + 56K + 3 gn

Energy is released in this process.

(¢) Where does the energy come from and how could it be calculated? 2

{ Ma s L’Lﬂ_ -«I(’.L“:-:‘{; e m a1+ L?g ...... £ /‘Q(;(Lté; VLJ

...............................................................................................................

..........................................................................................................................

............................................................................................................................

Question 33 (4 marks)

Muons are unstable subatomic particles that decay into electrons and neutrinos with a mean lifetime of
2.2 us. They are produced when cosmic rays bombard the upper atmosphere about 11.4 km above the
earth's surface, and they travel very close to the speed of light relative to the earth.

Explain how observations of these muons can be used as evidence to support Einstein’s Special
Theory of Relativity.
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Question 34 (8 marks)

A group of students went on an excursion to the reactor at the Australia’s Nuclear Science and
Technology Organisation. During a walk around the facility, the tour guide stated that a radioactive
substance, technetium-99m, which is produced in the reactor, has a decay constant of 3.2 x 107 s 1.

(a) What is the half-life of technetium-99m in hours? 2

5 =)

..........................................................

(b)Technetium-99m is a pure gamma emitter. The activity of two samples of technetium-99m was
measured using a Geiger counter. The activity of one sample was found to be three times greater than

the other. What does this tell you about the 2 samples? 2
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............................................................................................................................

(¢) Technetium-99m is formed from the breakdown of molybdenum-99. What type of particle would

molybdenum-99 emit to form technetium-99m? ; L s Jr _ 1
£ AL O

............................................................................................................................

Question continued on next page
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The graph shows how the number of molybdenum-99 nuclei changes over time as the nuclei decay.

120000
20000
80000
70000

£0000
Number of

molybdenur-98 500004

muclei

40000

30000

20000

11000

0

0

1 2 3 4 & & 7 8 85 1o
Time in days

(d) What is the half-life, in days, of molybdenum-99? 1
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End of examination
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