Student Number

Hornsby Girls High School
Physics

Trial Examination 2020

General Instructions

. Reading time — 5 minutes

. Working time — 3 hours

. Write using black pen

. Draw diagrams using pencil

. Calculators approved by NESA may be used

. A data sheet, formulae sheet and Periodic Table are provided at the back of this
paper

Total marks: 100
Section | = 20 marks

Attempt Questions 1-20
Allow about 35 minutes for this section
Answer on the multiple choice capture sheet

Section Il — 80 marks
Attempt Questions 21-34
Allow about 2 hours and 25 minutes for this section

1 Hornsby Girls High School HSC Physics Trial 2020



Section |
20 marks Attempt Questions 1-20 Allow about 35 minutes for this section.

1. The diagram below shows the view from above of two electromagnets. The direction the
currents are shown by arrows. Points X, Y and Z are in the plane of the two electromagnets.

o Z

(1110 Y

Which of the following is correct?

(A) A stationary electron at Z would experience a force to the right

(B) A stationary proton at Z would experience a force to the right

(C) An alpha particle moving to the right at Y would experience a force upwards out of the page
(D) An electron moving to the right at X would experience a force upwards out of the page

2. Ablock is placed on the edge of a horizontal turntable as shown. The turntable starts rotating
from rest and speeds up. At some critical speed the block slides off the turntable.

Which statement is true about this scenario?

(A) The block slides when the centripetal force is less than friction

(B) The block slides when the centripetal force is greater than friction

(C) The critical speed is independent of the mass of the block

(D) The critical speed is independent of the distance of the block from the centre

2 Hornsby Girls High School HSC Physics Trial 2020



3. Alength of wire labelled ABC in a uniform magnetic field is connected to an external circuit
as shown below

What is the direction of the force acting on the wire at point B?
(A)| (B)

(C) (D)

4. Which nuclear equation accurately shows the alpha decay of Radium 223?

(A) 2Ra > 2Z2Rn + 4He
88 86

B) Z2Rn - 22Ra + iHe
86 80

(C) 23Ra » ZFr + %
86 87

D) 22Ra - 2Z2Ac + %
88 89

3 Hornsby Girls High School HSC Physics Trial 2020



5. A merry go round is shown in the diagram. X is a point on the inner edge and Y is a point on
the outer edge.

When the merry go round is spinning, which of the following ratios is correct?

Linear velocity of X Angular velocity of X
Linear velocity of ¥ Angular velocity of ¥
(A) 1:1 1:1
(B) 1:2 1:1
©) 1:2 1:2
(D) 1:1 1:2

6. A very long train is travelling close to the speed of light. An observer on a platform watches
the train travel past.

Which of the following statements is true?

(A)  Time will appear to be running faster in the train according to the observer on the platform.

(B)  The platform will appear longer to the passenger on the train than the observer on the
platform.

(C) A passenger on the train and the observer on the platform both measure time slowing in the
other frame of reference.

(D)  The observer on the platform will observe a longer train while the observer on the train see
the platform shortened
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7. A small positive sphere is projected into a region between two vertical charged plates as
shown. This is performed in a vacuum so there is no air resistance.

< -

N Velocity

\

Gravity

+ 4+ + 4+ H+ ++

r
| I
While the sphere remains in the uniform field, which statement is correct about the vertical

component of its acceleration?

(A)greater than acceleration due to gravity
(B) less than acceleration due to gravity
(C) equal to the acceleration due to gravity
(D) dependent on the size of the field

8. A projectile is launched from the top of a cliff at Point A and lands below at Point D as

shown.
/,.HB\
.f"/ \\_

.
@
O

[

Which of the following is correct about the motion of the projectile, if air resistance is ignored?
(A) The speed at A is the same as at C
(B) It takes longer to travel from A to B than is does from B to C
(C) The total time of flight is twice the time it takes to reach point B
(D) The horizontal displacement from A to D is independent of the launch velocity
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9. The diagram shows a conical pendulum rotating with a constant speed.

Vertical

Bob

Which diagram represents the forces applied to the bob?

(A) (B) 4

© 1 D)
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10. A light aluminium bar is placed on two horizontal metal rails that are connected to a power
supply as shown in the top view below. The bar and rails are located in a uniform magnetic
field as shown by the X. The bar is not connected to the bar so it is free to move.

conducting aluminium bar

|
switch \ X X X X
1 X X X X
power supply
X X X X
|
metal rail

What does the bar do when the switch is closed?
(A) It jumps directly upwards

(B) It moves to the left

(C) It moves to the right

(D) Itrotates

11. Sirius A has an absolute magnitude of 1.4 and is a spectral type A star. Which wavelength
best approximates the wavelength at which Sirius A is emitting?

Temperature (Kelvin)
30,000 10,000 5000 3000
'. I I I I I I

-10

._:".' | . ' .,_Spp?rglar:tts, 4 10,000

100
Luminosity
(Sun=1)
1.0

0
Absolute
Magnitude
+5 -

+10 - . 4 0.01
White dwarfs .
+15 ] ] L
0 B A F G K M
Spectral Class

(A) 190 nm
(B) 290 nm
(C) 390 nm
(D) 490 nm
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12. The rate of decay of a sample of magnesium-28 was measured over time and the results
plotted on the axes shown.

L

0.8
0.7

0.6 \
0.5

0.4 \
0.3 \
0.2

0.1
— |
0 ———

0 1020 30 40 50 60 70 R0 90 100 1100 120 130
Time (hours)

Fraction remaining

Which of the values below is the radioactive decay constant of magnesium-28?

(A) 4.0x10*
(B) 2.0x10
(C) 5.0x10t
(D) 3.5x10?

13. Below is the emission spectrum from an unknown light source.

300 400 500 600 700 nm
| | |

Sodium
Hydrogen

Mercury |I

Helium II

Argon II I ﬂ

Unknown II II

What elements are present in the light source?

(A)Hydrogen, Mercury and Argon
(B) Mercury, Hydrogen and Helium
(C) Mercury, Helium and Sodium
(D) Argon, Sodium and Hydrogen
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14. A train is accelerating uniformly to the left. A mass on a string makes a constant angle to the
vertical as shown.

acceleration \;'

NN NN

The string breaks and the mass falls. Which diagram show the trajectory of the mass as observed by a
person sitting in the train?

(A) (B)
— = —— AR <
©) (D)
Wil BN
NN NN : NN N

15. A proton is accelerated by an electric field between parallel plates with a potential difference
of 1550V. The proton starts from the positive plate as shown.

20.0 cm 1550V

What is the de Broglie wavelength of the proton when it reaches the bottom plate?

(A)2.91 x 1022 m
(B)7.28 x 10¥m
(C) 1.38 x 1022 m
(D)3.41 x 102 m
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16. The graph shows how the current in a brushed motor varies after start up.

3 ; . ,

Motor current (amps)
—
n

time (seconds)
Which statement is true?
(A) As the motor gains speed the momentum increases reducing the input energy required
(B) As the speed of the motor increases the back emf increases which reduces the net emf
(C) The current changes because the input voltage is changing to keep the speed constant

(D) The resistance of the rotor increases as it heats up which reduces the current in the first 0.5 s

17. Light is shone onto two metals to investigate the photo electric effect.

Kmax l
Metal 2
Metal 1
0 - )
-~ '/f1 Frequency f
f.r?‘l ‘ c,2
— @,
— @,

Which statement is true about the two metals?

(A) Metal 1 has a greater work function than Metal 2

(B) Metal 2 has a lower threshold frequency than Metal 1

(C) For both metals a higher frequency will produce a greater current
(D) Metal 1 will emit electrons over a greater range of light frequencies
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18. In an experiment a magnet was dropped through a solenoid and the emf generated was
recorded by a data logger.

Data Logger

Which graph shows the result of this experiment?

(4) .1 = i (B ; |

N I S A U A T
Voo VAV
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19. The diagrams show different apparatus that used to explore different aspects of the atom.

Lig. 2,
+ EA\L:'
v ]
- r a T
Appartus 1
dOll
radium ;

Positive :
vaCUUm s ||
chamber piate ) Loyl

Yo, o'-a" Telescope
e SR

particles

gold fail

Charged oil
0rop —onu | |

B
scintillating
[& '\ SCreen l
microscope e e
Appartus 2
Appartus 3
Which option correctly links the scientist to the apparatus they used?
Apparatus 1 Apparatus 2 Apparatus 3

(A) Thomson Rutherford Milliken
(B) Milliken Chadwick Thomson
©) Crookes Geiger Davisson
(D) Crookes Chadwick Milliken

12
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20. The diagram shows water waves passing through two openings in a barrier.

A "t Waves
Wave R
generator i
No
.
waves

I

Barmier with two
zmall identical
Openings

Which two aspects of wave behaviour best explain the pattern on the right hand side of the barrier?
(A) refraction and reflection
(B) refraction and diffraction

(C) diffraction and interference
(D) interference and polarisation
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Section Il

80 marks Attempt all questions in the spaces provided.

Questions 21-36 Allow about 2 hours and 25 minutes for this section
Question 21 (7 marks)

The table contains information about two planets, Neptune and Pluto, which were discovered after
Kepler died.

Planet Orbital Average distance Diameter (km) | mass ( kg)
period (earth | from the sun (km)
years)
Neptune 165 4.48 x 10° 49200 1.02 x 10%°
Pluto 248 5.91 x 10° 2380 1.31 x 10?2
a) Show that the information in the table is consistent with Kepler’s 3™ law. 2
b) Calculate the acceleration due to gravity on the surface of Neptune. 2

Question 21 continued on next page
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¢) Pluto has an elliptical orbit with an eccentricity of 0.244.

perihelion aphelion

not to scale

Compare the orbital velocity and gravitational potential energy of Pluto at the perihelion and at the
aphelion. 3

Question 22 (3 marks)

Derive the escape velocity equation, including specific reference the relevant physical principle.

2G6m
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Question 23 (7 marks)

A crane uses an electromagnet to lift a 2000 kg crushed car to a height of 11.5 m and then moves it
sides with a velocity of 5.0 ms™.

When the car is directly about point X, power is suddenly cut and the car falls to the ground.

height =11.5m

X
a) How long does it the car take to reach the ground? 2
b) How far from point X does the car hit the ground? 2

Question 23 continued on next page
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c) What is the velocity of the car upon impact? 3

Question 24 (3 marks)

Explain why the presence of a bank on a curve allows a racing car to travel faster than on a horizontal
curve with the same radius.
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Question 25 (5 marks)

A step-up transformer is constructed using a laminated iron core. The coils are made using copper
wires of different thicknesses as shown.

iron core
AC supply @) Resistor
C_ |
p
a) Explain why the supply is AC not DC. 2

b) 20.0 Volts is applied to the primary coil. The input power is 15.0 W. The output current is 0.5 A
and the 14.0 W is dissipated by the resistor.

Determine the voltage across the resistor and the efficiency of the transformer. 3

Question 25 continued on next page
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c) Given the ratio of turns is 2:3, the calculated value is different to the voltage predicted by this
ratio. Explain why this is the case. 2

Question 26 (5 marks)

A proton is projected into a uniform magnetic field and follows a semicircular path as shown.

¥ Im 5.']

—

&

a) Explain the shape of the path. 3

b) Another proton is projected along the same initial path at half the speed. Sketch the path of the
second proton. 2
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Question 27 (4 marks)
The proton- proton chain and CNO cycle are processes that release energy in stars.

a) What, besides energy, is the main product of both of these reactions? 1

Question 28 (7 marks)

A single rectangular loop is able to rotate inside a uniform magnetic field as shown. The normal to
plane of the coil is initially perpendicular to the field lines, making an angle of 90°. The coil is
allowed do rotate and the torque is measured at the angles shown in the table.
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Torque
Angle ° (Nm)
25 0.025
35 0.034
45 0.042
55 0.049
65 0.054
a) On the grid provided, plot a graph of torque vs angle. 2
0.060
0.050
0.040
0.030
0.020
0.010
0.000
0 10 20 30 40 50 60 70

b) The trend line appears to show that t is directly proportional to the angle ©. Assess the validity of
drawing a straight line for this data. 2

Question 28 continued on next page
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c) Predict the torque when the angle is 90°. 1

c) In a real motor the torque output needs to be uniform. Outline how one design feature of a real
motor produces a much more uniform torque. 2

Question 29 (3 marks)

A beam of unpolarised light is passed through two polarising filters as shown. The plane of
polarisation of the analyser is at an angle 6 = 40° to the polariser.

polariser analyser

K (OHD/

1

The initial light, lo, incident on the polariser is 3.47 x 102 W m™,
a) What is the intensity of the light, I, after it has passed through both filters? 2
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Question 30 (7 marks)

The diagram shows two different models of light that were around in the late 1600s

Particles

a) Which of these models was proposed by Newton? 1

b) With reference to general characteristics of scientific models, why was Newton’s model rejected in
favour of the model proposed by Huygens? 2

c) In the currently accepted model of light, light has a dual wave particle nature. Why is this duality
necessary? Provide examples to support your answer. 4
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Question 31 (5 marks)

When visible light is incident on a clean sodium surface, photoemission can occur. The work
function of sodium is 3.7 x 101°J.

Light Sodium
Radiation f_“d.-'llm Evacuated
o “mille §
— { ""l &r) Gilass Tube
Collector

.
-—
Phoocurrent

(V)
WS

Adnimeter Voltmetes

@

Variable DC Power Supply

a) Monochromatic light with a wavelength of 651 nm is directed onto the sodium surface. Does
photoemission occur? Support your answer with relevant maths. 2

b) The intensity of the light is doubled. Explain how this affects the emission of electrons from the
sodium surface. 3
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Question 32 (7 marks)

The graph shows the black body radiation curves for two objects.

[wa]

Object 1

=]

Object 2

e

[SN]

Radiation Intensity (10°.J/m*-nm)
/ ,

0 500 1000 1500 2000
A [nm]

a) Compare the temperatures of the two objects. 2

Question 32 continued on next page
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c) If these objects were stars in our galaxy and Object 1 was at twice the distance as Object 2 from
Earth, compare how bright they would appear. 3

Question 33 (9 marks)

The diagram shows what can happen when a nucleus of uranium 235 captures a neutron.

Uranium 235 has been used as a fuel in both atomic weapons and in nuclear power stations. With
reference to the diagram and relevant physical principles, explain how Uranium 235 can be used for
both of these applications.
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Question 34 (6 marks)

The diagram shows some of the energy levels for a hydrogen atom.

Energy

H=c ]

n=3 -0-87x1071°7]
n=4 ~1-36 %1077
n=3 -2-41x1071°1
=21 -5-43x1071°F
n=1 -21-7x107%]

a) For an electron to move from n =2 to n = 5, what energy photon would it need to absorb? 2

c) How did de Broglie explain the presence of the different electron energy levels in a hydrogen
atom? 3
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Extra writing page — if you use this page, clearly indicate which question you are answering as well
as noting this in the question book — eg Q 19 continued on back page.
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Extra writing page — if you use this page, clearly indicate which question you are answering as well
as noting this in the question book —eg Q 19 continued on back page.
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Section 1

20 marks Attempt Questions 1-20 Allow about 35 minutes for this section.

1. The diagram below shows the view from above of two electromagnets. The direction the
currents are shown by arrows. Points X, Y and Z are in the plane of the two electromagnets.

=4 ( 17171777

Which of the following is correct?

“ . M
rron NG ‘fﬂ "
@A stationary electron at Z would experience a force to the right 5 +°:P' Q:)

A stationary proton at Z would experience a force to the right-

. aO FIELD N& femet
}élAn alpha particle moving to the right at Y would experience a force upwards out of the page

@An electron moving to the right at X would experience a force upwards out of the page

2. Ablock is placed on the edge of a horizontal turntable as shown. The turntable starts rotating
from rest and speeds up. At some critical speed the block slides off the turntable.

£

1. “2
i - LS . L 0 g
R :mew.:_};{;v-; - F (E-_‘- - M r F
‘ r

******

‘,M;;“’"* |
of mes fachon s §
w""ﬁ“’""t “'}'L%m Is ﬁ%‘UKUM

Which statement is true about this scenario? L'I olh S!lcw

A, "
e, . e o

D()\The block slides when the centripetal force is less than friction

@he block slides when the centripetal force is greater than friction

Ly A~
%) The critical speed is independent of the mass of the block =31 &K EJ; ,;g.(,rwo g

B} _ _ Mg
%The critical speed is independent of the distance of the block from the centre

fF:/{ﬂw "{ svilo abarl
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3.

What is the direction of the force acting on the wire at point B?
(a)]

LB
NN

(A) ¢

;@)
X6
V4

A length of wire labelled ABC in a uniform magnetic field is connected to an external circuit

as shown below
X X !
R\-B R ..ﬁ s\(ﬁwj Wb’
Xic x % b '@ " (( pbv .

(B)

D

Which nuclear equation accurately shows the alpha decay of Radium 2237

e = i:}g;‘ﬁ’zﬁm\ \(\. MM ﬁga‘ﬁ‘ . Eﬁj &{E

223 219

Sz Ra = giﬂ + 7He OJW\ < ﬂlﬂ’“ﬁ&k. 'ER S Ej:} Au

219
—Rn - Z=Ra + 3He
86 80 ¢

223

4 B aondleo
=2 219 0 b gt e
ae Rd 2 o EI‘" +_ie 2 1
223

““Ra - =—Ac + %
gg & 89 C+ta
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When the merry go round is spinning, which of the following ratios is correct? r"hﬂa‘ﬁ

. A merry go round is shown in the diagram. X is a point on the inner edge and Y is a point on

the outer edge.

(P, ) y kqj 'erLL -ﬂw“«
J e racdlwy.

J = AR -

P~

/S Sars. ang
Linear volocin af & Angular velorcine of X
Livear veloviny of Anguiorfeiocin of ¥

; i\
*“"f (B)') ‘1:2/)f
« P

o) 1

6. A very long train is travelling close to the speed of light. An observer on a platform watches

the train travel past.

3

Which of the following statements is true?, !’ et

X

Mm”j

The platform will appear to the passenger on the train than the observer on the

Time will appear to be runnj @ in the train according to the observer on the platform.
lon
platform. A

A passenger on the train and the observer on the platform both measure time slowing in the
other frame of reference.

The observer on the platform will observe a@in while the observer on the train see
the platform shortened

/ Qb\()-‘ffq it confreted

Mo~y elacks con st
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7. A small positive sphere is projected into a region between two vertical charged plates as
shown. This is performed in a vacuum so there is no air resistance.

iS¢
O%iw@"%f

+

. -
\ Velociny
\ =

4

Gravity

+ 4+ o+t A+
[

¥
! 1
While the sphere remains in the uniform field, which statement is correct about the vertical

component of its acceleration?

}4) greater than acceleration due to gravity

 less than acceleration due to gravity _,1 ot g jf V\“{'
© cel <oy

qual to the acceleration due to gravity — Vers

G
_i)dependent on the size of the field Gﬂﬁ"@ €. M !'-’) g Nﬂ{"TN
Crlprenct
8. A projectile is launched from the top of a cliff at Point A and lands below at Point D as
shown.

D
Which of the following is correct about the motion of the projectile, if air resistance is ignored?
(A) The speed at A is the sameasatC S pﬁg‘{ A?\{ \/"‘( & W(g
) It takes longer to travel from A to B than is does from B to C
. - . . . . . Qs; (ﬁ,t’"\j- ! "-‘}Wr -
"(.@ The total time of flight is twice the time it takes to reach point B §t& €%

%The horizontal dlsplacement from A to D is independent of the launch velocity

L =
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9. The diagram shows a conical pendulum rotating with a constant speed.

/ Vertical

Bob {/
0
S,

T -

Which diagram represents the forces applied to the bob?

(B3] /

(4)
Juf} WVD‘“& -
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10. A light aluminium bar is placed on two horizontal metal rails that are connected to a power
supply as shown in the top view below. The bar and rails are located in a uniform magnetic
field as shown by the X. The bar is not connected to the bar so it is free to move.

conducting aluminium bar

~ N
K ,) ]
switch’X x X 3 X X
N h, KA &
X X / X X
— .
power supply ,
/\ X X X X
p
I |
~ metal rail

What does the bar do when the swiich is closed?

) It jumps directly upwards
M‘ It moves to the left
(©)

It moves to the right

It rotates

11. Sirius A has an absolute magnitude of 1.4 and is a spectral type A star. Which wavelength
best approximates the wavelength at which Sirius A is emitting?

30,000
A0

TeTperature {Kelvin)
10,000

A

5000 3000

0
Absolute
Magnitude
+5

0 o
White dwarfs
+15 ! [

..',S!Jpe'rgianté, A o

0 B F

. N

A/; 190 nm
(B)
(C) 390 nm
(D) 490 nm

30 nm

G K M

pectral Class

-1 10,000
e Luminosity A - é__,
‘ {Sun=1} e . 7,_
3
.01 = O?g?'g V{‘J
&
Jo ©o2
- 02 ?TX\Z l(jﬁm
= 190
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12. The rate of decay of a sample of magnesium-28 was measured over time and the results
plotted on the axes shown.

9 L
o\ = b
0.7 \

2N Y
0 N \

i

gy

Fraction remaining

0.3 AN =0 ¢
.
0.2 \ 2
(.1 [
]
] I — - - - 2
G100 20 30 48 300 6D R0 90 10D 150 120 13 & 3‘)3([‘)

Time (hours)

Which of the values below is the radioactive decay constant of magnesium-28? .
s A [

@) 4.0x10 AHetax_ ov=. A0 vaifs *ﬁ _
(B/-j, 2.0X10[ f4td) C‘qy\v-’\[j’jf\r/h \SW\&& ﬁ‘f F/"M

1 5.0x10"
™) 3.5x102

'

13. Below is the emission spectrum from an unknown light source.

o0 400 500 600 700 nm
] I '
L v
Sadium
Y '\ .
At A
Hydrogen Il ] |- M!fs’f) TEN ‘/4{ ne
Méfcury “/ / @ =
Heﬁﬁ s Va4 vd - Fd
l\;rgﬁn T ’—-) - ,f‘“"{l) (15N \_,A(‘V\A\
—
./
Unknown L

What elements are present in the light source?

@Q Hydrogen, Mercury and%n
(B) Mercury, Hydrogen and-ﬁglillgﬁ

————

4 o . 8T
(C) Mercurys Helium and.,_Sodnil}l

— -

(D Argen, @&Ij@and Hydroéen
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14. A train is accelerating uniformly to the left. A mass on a string makes a constant angle to the
vertical as shown.

acceleration

The string breaks and the mass falls. Which diagram show the trajectory of the mass as observed by a

person sitting in the train? J\f" FW’ [t

@) aceefeatz yerfeaty o-d

i i
; " i i
i ' “l \“ “';’:, Ei ].
B | Mass § F Mass 4b
I 13 H
& = R ! Ho )i
i \\ ,_—_:
H o H L} T i
d | i \ ; P
: H . H hY N - i ¥
N M e S NS AN
{ f
h i H h
il : i ; \
tafs Mdss 1 Y
1 H
! i '-“
i '
! | !
A M e —4 S N 7

15. A proton is accelerated by an electric field between parallel plates with a potential difference
of 1550V. The proton starts from the positive plate as shown. ,

Sha

— MY TR
What is the de Broglie wavelength of the proton when it reaches the bottom plate?
(A)2.91 x 10%m
@7.28 x 10 m
(C)1.38% 10”m
(D)3.41 x 10*' m
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16. The graph shows how the current in a brushed motor varies after start up.

3

L] T

[¥]
il

ta

Motor current. (amps)
n

lime (seconds)
Which statement is true?
/‘(vA/) As the motor gains speed the momentum increases reducing the input energy required
@As the speed of the motor increases the back emf increases which reduces the net emf
;@@‘i The current changes because the input voltage is changing to keep the speed constant

;(;DjThe resistance of the rotor increases as it heats up which reduces the current in the first 0.5 s

17. Light is shone onto two metals to investigate the photo electric effect.
K4

max
Metal 2 WD\J\ ,,(/\ Cﬁa\.
Metal |

0 - -
!] - Frequency ¥
| - f{},?
Ty L.
T

Which statement is true about the two metals?
{ DA~
_()‘-\’SMetal 1 has a g;eﬁter work function than Metal 2

_ tid
\B) Metal 2 has a lower threshold frequency than Metal 1
/(\56 as a low quency MMK )qu'f

For both metals a higher frequency will produce a greater current —

(D)Metal 1 will emit electrons over a greater range of light frequencies
howy e fomrer  Thregholos ,ﬁk?u-ﬁfwj WL OC-*W-"""‘“C"‘
/W(,,{ Carit ﬁ&u’a LAY
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18. In an experiment a magnet was dropped through a solenoid and the emf generated was
- recorded by a data logger.

<

Which graph shows the result of this experiment?

(&)

§§ Data Logger
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19. The diagrams show different apparatus that used to explore different aspects of the atom.

+
_Ecia s(

Appartus 1

g 9.

\

T
R —

f
v

radium R%

yacuum
chamber

particles

gold o

SN

Appartus 2

scintillating
screen

microscope

Pratie
hargy

e} L
PR

C/W?/\ 6\?«/&4
4

g off
R

r——J

Il;«;?‘;xl‘:ve hargn (=)

Appartus 3

Which option correctly links the scientist to the apparatus they used?

Apparatus 1 Apparatus 2 Apparatus 3
—~ pp pp / ppara .l
(A) Thoms -~ Ruthe@?d ( Millike

N . N
®\/ Milliken Chadwick Thomson
(@Q Crookes Geiger Davisson
=
‘@) Crookes Chadwick Milliken
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20. The diagram shows water waves passing through two openings in a barrier.

C "l Waves
Wae P
generaior :
, : o
P Waves

|

Bawder with two
small identical
openings

Which two aspects of wave behaviour best explain the pattern on the right band side of the barrier?

(A) refratfion and refle&fon _ . y
. o~
(B) refraction and difftdction M e

@lffractm—md mtbif(é:nce CW% A, oLl / ) (7_}—‘)\
( )lnterfe_:!;,ence and“pogl(s‘it-ion % /ﬂ PN LN
Oy

e LY
C::-{MEQ/ %,) /M'L\,FWMU\
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Section |l

80 marks Attempt all questions in the spaces provided.

Questions 21-36 Ailow about 2 hours and 25 minutes for this section
Question 21 (7 marks)

The table contains information about two planets, Neptune and Pluto, which were discovered after
Kepler died.

Planet Orbital Average distance Diameter (km) | mass ( kg)
period (earth | from the sun (km)
years)
Neptune 165 448 x 10° 49200 1.02 x 10%
Pluto 248 5.91x10° 2380 131 x 10
a) Show that the information in the table is consistent with Kepler’s 3™ law, 2
}.3 B _Gﬂ ’.3

T2 - 4> i -
constant.

i
Neptune (4.48 x 109/ 1652 = 3 % x '24
Pluto (5.91 x 10°%/2482 = 2. 4 x 10

They are the same, so consistent with Kepler’s law
b) Calculate the acceleration due to gravity on the surface of Neptune. 2
g=G0M/?

=6.67x 10 x 1.02 x 10%,

Question 21 continued on next page
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¢) Pluto has an elliptical orbit with an eccentricity of 0.244.

Pluto

perihelion aphelion

not to scale

Compare the orbital velocity and gravitational potential energy of Pluto at the perihelion and at the
aphelion. 3

Total mechanical energy is conserved at all points in the orbit i.e. kinetic energy + gravitational
potential is the same.

At the aphelion, r is at a maximum value so U is a maximum value, according to

K= 1mvz

Kepler’s 2" law, the velocity will be a minimum therefore K will be a minimum.

At the perihelion, 1 is at a minimum value so U is a minimum value, according and the velocity will
be a maximum therefore K will be a maximum.

Question 22 (3 marks)
Derive the escape velocity equation, including specific reference the relevant physical principle.

26m
r

=

This is based on the law of conservation of energy as kinetic energy is converted into gravitational

potential energy

1
K = —m?
2
U = _GMm
¥
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Question 23 (7 marks)

A crane uses an electromagnet to lift a 2000 kg crushed car to a height of 11.5 m and then moves it
sides with a velocity of 5.0 ms™.

When the car is directly about point X, power is suddenly cut and the car falls to the ground.

4=
v=50ms!
height =11.5m
X 2
U =0 Sl oz §3ms
a) How long does it the car takelto reach the ground? 2

Question 23 continued on next page
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.......................................................................................................................

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

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

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

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

Question 24 (3 marks)

Explain why the presence of a bank on a curve allows a racing car to travel faster than on a horizontal
curve with the same radius.

For a car on a horizontal curve, the centripetal force is produced entirely by friction between the tyres
and the road. The friction has a maximum value which determines the maximum velocity for
particular mass and radius.

HIV2

< r

On a banked curve, the horizontal component of the normal force, provides an additional force to
friction.

Fa$in€

This additional force allows the car to travel at a greater velocity for the same mass and radius of
curve
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Question 25 (5 marks)

A step-up transformer is constructed using a laminated iron core. The coils are made using copper
wires of different thicknesses as shown.

iron core

AC supply @ Resistor

a) Explain why the supply is AC not DC. 2

AC is alternating, there the voltage in the primary coil is continually changing, whereas DC is
constant.

The changing voltage in necessary because the changing voltage induces a voltage in the secondary
coil.

b) 20.0 Volts is applied to the primary coil. The input power is 15.0 W. The output current is 0.5 A
and the 14.0 W is dissipated by the resistor.

Determine the voltage across the resistor and the efficiency of the transformer. 3

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

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

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

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

Question 25 continued on next page
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¢) Given the ratio of turns is 2:3, the calculated value is different to the voltage predicted by this
ratio. Explain why this is the case, 2

np/]'ls = Vplle = 2/3 = 20N5
The turns ratio of 2:3 would give a predicted voltage of 30 volts in the secondary coil.

As it is only 28 V there must be poor flux linkage between the coils.

Question 26 (5 marks)

A proton is projected into a uniform magnetic field and follows a semicircular path as shown.

vms~!
° -
a) Explain the shape of the path. 3

The proton experiences a force from the magnetic field which is always perpendicular to the velocity
vector.

The direction is determined by the charge and the filed direction given by the right hand rule.

A force that is constant in magnitude and perpendicular to the velocity vector produces circular

HIV2

motion with a constant radius as shown on the diagram. ¢ r

b) Another proton is projected along the same initial path at half the speed. Sketch the path of the
~ second proton. ‘ 2
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Question 27 (4 marks)

The proton- proton chain and CNO cycle are processes that release energy in stars.

a) What, besides energy, is the main product of both of these reactions? 1
Helium
b) In what type of stars would these processes be occurring? 1

Main sequence

¢) Outline one fusion process other than the proton- proton chain and CNO cycle that occurs in stars.
2

The triple alpha process converts He into Carbon 12. 2 He nuclei fuse to produce Be — 8. The Be*

fuses with another He nucleus to produce C12

Question 28 (7 marks)

A single rectangular loop is able to rotate inside a uniform magnetic field as shown. The normal to
plane of the coil is initially perpendicular to the field lines, making an angle of 90°. The coil is
allowed do rotate and the torque is measured at the angles shown in the table.
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Torque
Angle ° (Nm)
25 0.025
35 0.034
45 0.042
55 0.049
65 0.054
a) On the grid provided, plot a graph of torque vs angle. 2
0.060
Z s
pre
0.050 &
7
’i\ 0.040 = X
5 =
< e |
< . 0.030 =
2
£
0.010
0.000 | — L. - . ] i 1.
0 10 2 40 50 60 70

Angle! *)

b) The trend line appears to show that 7 is directly proportional to the angle ©. Assess the validity of
drawing a straight line for this data. 2

For the small range of data, the relationship is linear and therefore a straight-line would be valid to
predict torque values within the data set.

OR

Torque on a coil is given by v = nlAB = nlAB Sln9which 18 not a linear relationship. It would be

more valid to draw a curve because of this relationship.
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Question 28 continued on next page

¢) Predict the torque when the angle is 90°.

t = nlA|B = nlABsin€

Using for any value in the table, maximum torque = 0.06 Nm

¢) In a real motor the torque output needs to be uniform. Outline how one design feature of a real
motor produces a much more uniform torque. 2

Curved magnetic pole pieces are used to provide a radial field so that the angle between the plane of
the coil and the field is constant, which gives a constant torque.

Question 29 (3 marks)

A beam of unpolarised light is passed through two polarising filters as shown. The plane of
polarisation of the analyser is at an angle 8 =409 to the polariser.

polariser analyser

¥(HH A/

I, I,

=

The initial light, Ip, incident on the polariser is 3.47 x 102 W m2,

a) What is the intensity of the light, I» after it has passed through both filters? 2 2

Z, = l:/i = 2 4mI /. o 73wtV

b) What characteristic of the wave model of light is supported by the fact it can be polarised? 1

it is a transverse wave
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Question 30 (7 marks)

The diagram shows two different models of light that were around in the late 1600s

Particles Waves

a) Which of these models was proposed by Newton? 1

particle

b) With reference to general characteristics of scientific models, why was Newton’s model rejected in
favour of the model proposed by Huygens? 2

Scientific models are constructed to explain/describe phenomena and make predictions. The results
of Young’s double slit experiment could be explained using Huygen’s wave model as being caused
by interference. The results could not be explained by the particle model, hence it was rejected.

¢) In the currently accepted model of light, light has a dual wave particle nature. Why is this duality
necessary? Provide examples to support your answer. 4

The dual nature of light is that is has wave properties as well as particle properties.

This was necessary because some observed phenomena can only be explained in terms of wave
properties and some can only be explained if light acts like a particle.

Examples of wave properties include interference, polarization and diffraction.

Examples of light behaving as a particle include the photo electric effect and black body radiation.
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Question 31 (5 marks)

When visible light is incident on a clean sodium surface, photoemission can occur. The work
function of sodium is 3.7 x 1071°J.

Light Seddium

?.:::-ﬁ:;:} Evacuated
(F Glass Tube

C :)]lc(.lnr
)
e
Phutocurment

Radmtmn

()
N/
Ammeter Yoltrmeter
N P
) A

Variable 13C Power Supply

a) Monochromatic light with a wavelength of 651 nm is directed onto the sodium surface. Does
photoemission occur? Support your answer with relevant maths. 2

he  (Qalpts x3axl -1

lrcton Epsry - A T R e AL L (I

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

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

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

b) The intensity of the light is doubled. Explain how this affects the emission of electrons from the
sodium surface. 3

In the photoelectric effect, a photon is absorbed by an electron and gives up all its energy to the
electron. The energy of the photon is given by E = hf. If this is below the work function no
photoemission occurs.

The intensity of the light is a measure of the number of photons arriving on an area per unit time.
Doubling the intensity will double the number of electrons incident on the metal.

Since the photons do not have enough energy to overcome the work function, doubling the intensity
has no affect there is still no photoemission.
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Question 32 (7 marks)

The graph shows the black body radiation curves for two objects.

— 24
= Object 1
=
= 6
=
=
j Object 2
Z 4
s
g 2
é
BRI M e f—
0 500 1000 1500 2000
A [nm)|
a) Compare the temperatures of the two objects. 2
A =2
Object 1 is hotter than object 2 according to Wien’slaw T T = b/ humax

Object | Amax =550nm  T;=2.898 x 10/ 550 x 10° =5300K
Object 2 hmax = 680nm T>=2.898 x 10°%/ 680 x 10 = 4300 K

b) Compare the power output of the two objects. 2

Assuming the objects are the same size, the power output is proportional to T (shown by the area
under the graph)

so Object 1 has a higher power output than Object 2 as it is hotter

Question 32 continued on next page
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¢) If these objects were stars in our galaxy and Object 1 was at twice the distance as Object 2 from
Earth, compare how bright they would appear. 3

The brightness is a measure of intensity of light arriving from the object. The intensity is related to
the distance by I alp/r* orb=L/r* where L is the luminosity

bi=Li/2r} =Li/4> by=L»/1

bi:b2-Li/4r* : La/1® = La/4:Ly soif the luminosity of bot objects is known the relative
brightness can be determined.

Question 33 (9 marks)

The diagram shows what can happen when a nucleus of uranium 235 captures a neutron.

Uranium 235 has been used as a fuel in both atomic weapons and in nuclear power stations. With
reference to the diagram and relevant physical principles, explain how Uranium 235 can be used for
both of these applications.

As shown in the diagram, in nuclear fission, a large unstable nucleus such as U235 splits into two smaller
nuclei that are more stable, releasing energy in the process. The fission products have less mass than the parent
nucleus. This mass defect represents the amount of energy that is released as kinetic energy of the products
and gamma photons, according to E = Amc?

The fission process also releases further neutrons, which can then split additional fissionable nuclei, resulting
in a chain reaction that releases more energy. For this chain reaction to be self-sustaining, a minimum amount
of fissionable nuclei need to be present called the critical mass.

In a nuclear weapon the chain reaction is uncontrolled. This occurs because a nucleus releases more than one
neutron which can be captured by other nuclei which will then decay and release further neutrons, which
produces an exponential increase in the number of nuclei decaying. This occurs in a very short period of time,
which releases a very large amount of energy rapidly which constitutes an explosion.

In a nuclear power station, the chain reaction is controlled such that only one neutron from each decay causes
one further breakdown. This releases energy at a controlled rate, which can be used to heat water to steam that
turns a turbine in a generator.
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Question 34 (6 marks)

The diagram shows some of the energy levels for a hydrogen atom.

Energy

n=00 0

n=>3 ~0-87x107*]
n=4 ~1.36x107¥73
n=3 -2.41 %1073
n=2 ~5-43%10717
n=1 ~11-7x1071%3

a) For an electron to move from n =2 to n = 5, what energy photon would it need to absorb? 2

AE = Er - E;

=-0.87 x 1079 - (-5.43 x10'%)

=4.56x 10"

(or could use Rydberg equation, but is more'complicated)

b) How would this appear in the spectrum produced by passing white light through hydrogen gas?
1

There would be a dark (absorption) line corresponding the wavelength of this photon.

¢) How did de Broglie explain the presence of the different electron energy levels in a hydrogen
atom? 3

Electrons have wave properties as well as mass where the wavelength A = h/mv.

The electrons can occupy energy levels where the electron wavelength will produce a standing wave

by constructively interfering with itself.

Each successive energy level is a standing wave containing one extra complete wavelength 2nr = n
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