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Question One:

There are 14 multiple—choice items worth two marks each.

Shade the best correct answer for each of the following items.

v
(e]
=]
o
~+
2
=
=
D
5
+
2.
(%]
(2]
O
[V}
0
(0]

1. A body undergoes simple harmonic motion. Which graph shows the relationship between
the kinetic energy (KE) of this body and the displacement (x) when it moves from the
equilibrium position to the maximum displacement?

KE KE
@) @)
> e
X X
KE KE
@) @)
>
X X

2. Two identical masses (M) and (N) are suspended from two separate massless springs of
spring constant (k,,) and (k) respectively, both systems oscillate vertically with the same
maximum velocities. What is the ratio of the amplitudes (A,/A,)?

O Vi, 7k, O Vi, 7k,
O «k,/k, O k,/k,

3. Four simple pendulums of different lengths and masses are shown in the below figure.
Which pendulum has the largest angular frequency (w)?

O A O B A B C D
O C O D
0.5kg
1kg
Q 1kg
0.5kg

Do not write in this space
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Question One (Cont'd)

4. Four wave sources each produce waves in (1s). Which of these wave sources has the
lowest frequency (f)?
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C) ’/_g"q_‘rjrrrli‘ I, C) '-I Ill[:.l!'l.!'. I:'.I II|..I'I-I rl I-I-

B
L'I e U

5. Inthe diagram below, a water wave causes a cork to move from point (a) to point (b) in

8 seconds. What is the wavelength of this water wave?

a v=0.25m/s
O 0.17m O 1.33m
b
O 15m O 20m
cork

6. Avray of light strikes a plane mirror at a (45°) angle of incidence. The mirror is then
rotated by (15°) into the position shown in in the figure below, while the incident ray is
kept fixed, What will be the reflection angle after the rotation?

) Reflected ray before
Incident ray  rotation of mirror
O 15° O 30° ! Reflected ray after
! rotation of mirror
|
O 45° O 60 C i

7. The graph below shows two waves (N) and (M) traveling in air to the right. Which of the
following combinations is correct about their wavelength (1) and speed (v)?

Wavelength ()| speed (v) y (m) 4 v
O | =24, v =12v, 030rA N N\
0.25 f A f \ | A

= — N N L TN

=M - — 1 * ' —»
C) }\‘N M VN VM 0 2(5) |II 2 I-I\‘._h__ |Ilr—-‘- _,d"::.' 4 I'II I..I 6 X (m)
O N 172 My N ZVM 050 | \/ \/
C) >\'N = 27\M VN = VM v

Do not write in this space
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Question One (Cont'd)

)

o

=2

S

8. The figure below shows the patterns of bright and dark fringes observed in Young's s
double slit experiment. 3.
o

=

5

doll 0’

%y o

laser source N 9

o

—

Which of the following actions will increase the distance (x) between the dark fringes in
this double slit interference pattern?

(O Decrease the slit width.
O Decrease the slit separation.
(O Decrease the slit-screen distance.

(O Decrease the wavelength of the light.
lem/s lem's

9. The graph opposite shqws two rectangular y(em) [ Voe] | =V, ]
pulses (1) and (2) traveling at a constant speed | | | |
of (1em/s) starting from the position shown
in the figure. Which of the following graphs
represents the linear superposition of the two 0 2 4 6 8 10 12
pulses after (3s)? X (cm)
y(cm) y(cm)T
C) Vz—‘. I_I c—Vl C) Vz—“‘ *—Vl
T T T 1 —> x(cm) T T T 1 —> x(cm)
0 2 4 6 8 10 12 0 2 4 6 8 10 12
y(cm)u y(cm) a
C) Vzd— I_l —b-vl C) VZQ—- I_I l_l ._-.Vl
T | B S m— T » x(cm) LI B I B T » x(cm)
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Do not write in this space
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Question One (Cont'd)

10.

11.

12.

Plane sound waves of wavelength (0.12 m) are incident on two narrow slits in a box with
non reflecting walls as shown in the figure below. At a distance of (5.0 m) from the center
of the slits, a first-order maximum occurs at point P.

,e
> | S N
. '3.01[1
Sound > F: _____ R
=012 >
-
What is the distance between the slits?
O 0.09m O 0.16m
O 0.20m O 024m

The apparatus shown below is set to measure the speed of transverse waves.

signa: 0.15m Va standing waves
generator —
=250 Hz .
Q o = - string

\\— vibration generator

What will be the speed of the waves if the frequency of the signal generator is doubled?
O 18.8m/s O 37.5m/s
O 75m/s O 150 m/s

In the photo electric effect, which of the following would lead to an increase in the
maximum kinetic energy of the emitted electrons?

O Decreasing the frequency of the incident light.

O Increasing the frequency of the incident light.

O Decreasing the number of photons per second striking the surface.

O Increasing the number of photons per second striking the surface.

Do not write in this space
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Question One (Cont'd)

O

o

3

13. Photon (A) has twice the energy of photon (B), which is the correct option for their g

momentum (P) and wavelength (A)? 3

o

Momentum (P) | Wavelength () i

=5

O PA < PB 7\,A< KB :

o

(@D) PA = PB XA< KB §
(@) P,=P, A
) P,> P, A <A

14. In the case if two identical particles (1) and (2), if particle (1) is moving faster than particle
(2), which graph represents the relation between wavelength and energy for each particle
compared to the other?

A (m) A A (m) 4

b

Partide (1) Partide (2)
Partide (2) Partide (1
E() EQ)

A (m) A Partide (1 A ) A .
ek It

=) F - F‘

E() E()

Do not write in this space
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Write your answer for each of the three questions in the constructed-response
section in the space provided.

Be sure to show all your work, including the correct units where applicable.

Question Two: (14 marks)

15. The below graph shows the simple harmonic motion of a pendulum.

x(m) A
N VANVA
R
“24\6P10\12/
&t X

a. Whatis meant by: "the amplitude of the oscillation is 10 m"”? (1 mark)
b. Find the angular frequency for this harmonic motion. (1 mark)
c. Calculate the value of acceleration at time (t = 5s). (2 marks)

Do not write in this space
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Question Two (Cont'd)

16. The below graph shows two plots of displacement (x) versus time (t) for two objects
undergoing simple harmonic motion.

X(m) 4

VANA
m ' >t (s)

ST ..
WA

a. Which object (1) or (2), has the greatest maximum velocity? Why? (2 marks)

L

b. For object (1) at what distance from equilibrium position will the kinetic energy be

(KE = % E)? (1 mark)

Do not write in this space
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Question Two (Cont'd)

O

0

=2

S

8 17. A particle started moving from equilibrium position with simple harmonic motion

o according to the equation y = Asin (»t). Prove that at position (%) the time taken by the
f,_ particle is (t = i). (3 marks)
5 12

(2]

(2]

o

Q

0

®

18. A fisherman notices that his boat is moving up and down in a periodic way because of
waves on the surface of the water. It takes (5.0 s) for the boat to travel from its highest
point to its lowest point. The boat is (28.0 m) from the end of the pier as shown in the
figure below.

‘- 280 m

Pier

a. What is the amplitude of the waves? (1 mark)

Do not write in this space
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Question Two (Cont'd)

S
b. Find the frequency of the waves. (1 mark) §_
2
3.
®
=
-+
3.
[72]
[72]
o]
Q
(2]
o
c.  Calculate the speed of the waves. (2 marks)

Do not write in this space
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Question Three: (14 marks)

19. The figure below shows an optical fiber cable with a coating of refractive index (n,= 1.30)
and a core of refractive index (n,= 1.50).

n_;.=1.00 \ o, =1.30 ;o coating

u2=1.50 P core
8 )

/

a. Define the following:

(i)  The critical angle. (1 mark)
(ii) The total internal reflection. (1 mark)
b. Find the angle (6). (2 marks)

Do not write in this space
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Question Three (Cont'd)

)

o

c. i) If the optical fiber cable is then placed in water (n = 1.33), is it possible to get the §_
critical angle when the ray transfers from water to the core of the optical fiber? s

(1 mark) 3

®

=

~+

3

2]

(2]

gl

a

ii)  Explain your answer. (1 mark) ®

20. Study figures (1) and (2), then answer the following questions:

Figure (1)
a.  Which of the figures represent a plane polarized wave? (1 mark)
b. Explain your answer. (1 mark)

Do not write in this space
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Question Three (Cont'd)

21. The below diagram shows ocean waves incident on a stone barrier protecting boats
anchored behind it.

L
Waves

Stone barrier

a. The boats could still be at risk of damage by waves mainly as a result of a certain
phenomenon. What is this physical phenomenon? (1 mark)

b. Define this phenomenon. (1 mark)

22. A sound source (S) produces sound with
wavelength (0.20 m). The source is moving Observer B
with a speed of (2 m/s) as shown in the
figure opposite.

erver A

a. Find the change in the wavelength (AN) (2 marks)

Do not write in this space
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Question Three (Cont'd)

b. Towards which observer will the direction of the sound source motion be? (1 mark)

c.  Explain your answer. (1 mark)
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Question Four: (14 marks)

23. Red light of wavelength (A = 664 nm) in vacuum is used in Young's experiment as shown
in the below figure. The slits are separated by a distance of (d= 1.2 x 10* m) and the
screen is located at a distance of (D = 2.75 m) from the slits.

—rn = 1 (Bright fringe)

n = O (Bright fringe)

d=120x10"m

X
|
I
X
_tn-1 (Bright fringe)

=D = 2.75 m—

a. Find the distance (x) on the screen between the central bright fringe and the first

order bright fringe. (2 marks)

Do not write in this space
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Question Four (Cont'd)

b. If the red light is replaced by blue light of wavelength (A = 470 nm), what will
happen to the distance of the third bright fringe from the central fringe. Explain.

(2 marks)
24. The below figure shows the Rutherford experiment of alpha particles deflection.
Rutherford noticed that alpha particles move on different paths.
nucleus
incident alpha ®»
partical
2
»
3
»
4
»
How did he explain the following:
a. Most of the alpha particles pass through the foil target. (1 mark)

Do not write in this space
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Question Four (Cont'd)

b. Some of the alpha particles reflect backward. (1 mark)
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25. The special line, indicated with an arrow in the figure below, is in the visible region of the
spectrum.

750 700 650 600 550 00

5 450 400 (nm)

a. Define the photon. (1 mark)

b. What is the energy in (eV) of a photon of this wavelength? (2 marks)

Do not write in this space
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26. In a lab experiment for studying the photoelectric effect of three lights on different

)

metals, the following data was obtained: g

o

Color of light Green Blue Ultraviolet g

Wavelength of light (nm) 546 436 365 %’

a. When Blue light falls on the metals shown in the following table: i

=

Metals A B Cc D ¥

I

Threshold o
frequencyx10™Hz 5.2 54 55 5.9

From which of these metals, electrons will be ejected? Explain your answer. (2 marks)

b. Calculate the energy of the photons of ultraviolet light. (2 marks)

c. If one beam of ultraviolet light can release (8 electrons) from metal (C) in (4s), how
many electrons will be released from this metal if three beams of ultraviolet light was
used in (4s). (1 mark)

END OF EXAMINATION
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FORMULA AND CONSTANTS

Periodic Motion

Mechanical Waves

1 =
¥ — v=fA
2 v Ax
T =—
= 2 = —_—
w=2xf - At
a=—-Q2xf )x c=f4
x =Asin(2zft) _sini v, n,
v=R27f JA® —x~ 1 sin r v, n
v, =+F27fA 1
I { T
T = 27[\/:= 27 m Sinc
g k
E = 1 ma’A’®
2
KE = %ma)z(Az -X?)
Superposition of waves Atomic Physics
) A c
sin @ = — E =hf =h—
b A
ni:d Slng KEmax :hf _hft
. . X De Brogliewavelength = N
Young 's equation — = — muo
ZS D 2rcr, =nA
A Af v
Doppler effect — = — = —
ppler eff 2 F o Lk
p
Constants
c=3x10°m /s v, =340m /s
M o= 1.673x10""" kg m,,. =911x10""kg
e =1.6x10""C h=6.63x10"Js
n, =1 g=9.8 m/s?
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Answers for Question Two:(14 markSyLsbszsyszz,
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(16) -a

(16) -b

OO BB )5 eobaz $av%

Answer

[om—

@)

The maximum displacement from the center of

the motion is (10 m).

o= %rad/s =0.78rad/s

a=-w’4sin(wt)

5 . T
a=—-—(—)"x10xsin (—¢
(4) (4 )

a=-6.16sin (%x 5)

a=-436m /s?

—_
(\o

Wave (2).

Because the frequency of wave (2) is greater than

[E—

\
7
2N
[— et [a— —_ —_
-
—_
t W

the frequency of wave (1)

o= o=
_
[U—
00
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(17)

(18)-b

(18)-c

Answer

o]

y = Assin(wt)

% = Asin(ot)

sin(wt) =15

7
From the figure: ZK =28m —> A =16m

v=Af=16x%0.1
v=1.6m/s
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(19)-a

(19)-b

Answer

- The critical angle: "The largest angle at which

refraction out of a denser medium is just
possible".

- The total internal reflection: "a phenomenon
happens when the angle of incidence is greater

than the critical angle, so that all the incident

rays are reflected back".

firstly calculate the critical angle
n, _ sin(@z)

n, sin(0,)

L5 _sin®0) | ne,)=13— 0.6
13 sin(8) 1.5
61=600

then, find angle 6

I’lair - Sin(el)
n, sin(@ )
From the figure, the refraction angle in the core is
30°, so for 0:
1 _simBO) G 0)=05x15
15 smg)  nE)=05x,

0=48.6°
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(19) -c No.

By calculating the refraction angle in the core

1.33 _ sin(0,) s 5in0,) = 1.33x5sin(48.6)

= =0.66
1.5  sin(48.6) 1.5

0, = 41.6 and the incidence angle between the
core and coating will be=90-41.6=48.3°

Hence the critical angle will not exist at this
case.

Or:

Because the travels from less dense medium to
more dense medium.

™ ST
me= O

EEN

Because the wave has the oscillation in one
plane only.

The bending of waves when they go through a
gap, or curve round edges.

21)-b
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Answers for Question Three: (14 marlgéﬁwéw)mﬂf” |

\\ql N

| From Doppler equation
(22)-a AL v
S
AL = 0.2x2
340
AA=1.17x10"m

o= D

Because the apparent wavelength is shorter and
hence the frequency is greater.
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(24)-a

(24)-b

VD BB M By 1)
¥
- /54

199 //

From Young's equation
niA _y
s D
664x107° Y
1.2x10™  2.75
_ 664x107x2.75
~ 1.2x107

y =1.52x107 m

-.
(98]
—
e}

The wavelength of blue light is shorter than
the wave length of red light.

So, from Young's equation ,if we decrease the
wavelength of light the separation between
fringes will decrease.

A 3.9
3.10

Because most of atoms is space.
Or

The radios of the atoms is greater than the
radius of the nucleus.

Because the alpha particles collide with a
very heavy mass
Or

Because they are a large repulsive force with
the same charge of Alpha particles.
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Answers for Question Four: (14 m @Sﬁ»@g@ww ;
q:: 1a 9")\-‘3 ",-'
(25)-a A unit or quantum of light. k 4.6
Or
A particle of electromagnetic radiation that has zero
mass and carries a quantum of energy.
I |
B
(25)-b E=hf= hx A 4.1
8
E = 6.63x10™ x—x10__ 1
41010~
E=4.85x10"7
To find the energy in (eV):
4.85%x107"
ket 1
1.6x10™ : |
L E =3.03eV 2
(26)-a |’7The green light can release electrons from metals 1 A 4.8
(A and B) only.
Because the frequency of green light is greater 1 |
than the threshold frequency of metals (A and B)
and less than metals (C and D).
Or:
C=A |
_ 3x 10° "
546x107 2
f =5.49x10" Hz 1 I




0

(26)-b

(26)-c

I

2013/2014

A=365x10"7m
-34
E :h_c_: 6.63x10 ><39
A 365x10°
S E =545x10"J

A 4.8
x10®

1 beam releases 8 electrons.

Three beams release:

3x8= 24 electrons

i

End of Marking Guide
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