CY AL

Unit 3 - EMR _ /24 marks
Q36: Which of the following types of electromagnetic radiation has photons that have the greatest
energy? Lows # rligh ¥
nivy ¥
(a) X-ray g 2
b. Infrared

c. Ultraviolet
d. Microwave

Q37: In a Michelson-type experiment, a stationary mirror and a rotating mirror are separated by 10.0
km. The lowest frequency at which a 12-sided rotating mirror must rotate to provide measurements
useful in determining the speed of light, expressed in scientific notation, is @.bc x 107 Hz. The values of a,
b, ¢, and d are 2 D ,and . (2 marks)

(Record your four digit answer in the Numerical Response boxes below)
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Q38: The image formed by an object placed 12.0 ¢cm in front of a convex mirror, which has a focal length

of 10.0cm, is posive £
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Use the following information to answer Q39:

A light ray is incident on a right angled prism in air as shown below.

Q39: The index of refraction of the prism shown above is

a. 1.69 5in, oY)
1.64 50®, 0,
c. 0611

d. 0.593 Sio 300 . 2

40 1728 L.oO
n.° (64
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Use the following information to answer Q40:

A refractometer is a device that can be used to identify gemstones by determining their index of
refraction.

In one type of refractometer, a gemstone is located against the flat edge of a semi-spherical prism,
as shown below. The index of refraction of the prism is 1.60.

Monochromatic yellow light that has a wavelength of 589 nm is directed so that it passes through
the prism and meets the prism-gemstone interface. When the angle of incidence, 6, is large
enough, the light does not refract into the gemstone, and is reflected. This light leaves the prism
through a curved edge and is incident on a calibrated scale. The yellow light illuminates the scale,
indicating the index of refraction of the gemstone.

Simplified Diagram Portion of
of a Refractometer Calibrated Scale

¥
¥
L]

Gemstone

Yellow light Cahbrated
scale

Note: The diagram of the refractometer is not drawn to scale.

Q40: The critical angle of the prism-gemstone interface is

a) 2'44: , Gwstone 2z = 1.525
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Use the following information to answer Q41:

A laser pointer emits red light that has a wavelength of 6.50 x 107 m. A different laser pointer emits
green light that has a wavelength of 4.80 x 107 m. Light from both lasers is incident on a diffraction

grating, and interference patterns are produced on a screen 1.00 m from the diffraction grating. The
angle of diffraction to the second order maximum for the red light is 13.3°.

Q41: The angle of diffraction to the first order maximum for the green light is

A Light
a) 2.44° : e v )2 CS -
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Q42: An object is placed 20.0 cm in front of a curved mirror. The image that forms is inverted and larger
than the object. The type of mirror used and its focal length are, respectively,

# Convexand 15.0 cm TmMese o ioverked ) /4u9¥- be concave,
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Q43: The longest wavelength of electromagnetic radiation that will cause electrons to be emitted by a
particular surface is 2.70 x 107 m. If radiation that has a wavelength of 1.50 x 10”7 m is incident on the
surface, the maximum kinetic energy of an emitted electron is

a) 1.66x10) Ephobr  —> W - (=4
b) 1.33x107%) he + £ whkee e=5 o
LA <
¢ 7.37x10%) SR 4 h% '
5.89x 10"}
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(883053407 _ (54 300-)(3x10%) | o
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Ek= 58923 o'y

Use the following information to answer Q44:

Phenomena Demonstrated by Electromagnetic Radiation

I Diffraction == cOave

Il Interference = v ave

Il Compton Scattering —» P2skle
IV Photoelectric Effect —» (2c icle

Q44: Which of the following rows matches the phenomena, as numbered above, with the model of
electromagnetic radiation supported by the phenomena?

Row Particle Model Wave Model

A. land Il Il and IV
B. land Il Iland IV
C. Iland IV fand I

Il and IV land Il
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Use the following information to answer Q45:

In a photoelectric effect experiment, electromagnetic radiation that has a wavelength of 4.00 x 107

m is incident on a photocathode that has a work function of

4.0x107T
The photocurrent produced in the experiment is 2.0 x 10 A.

Q45: The maximum speed of a photoelectron emitted in the experiment is

4.61x10° m/s Ephroor = O + Ex
b) 9.37x10° m/s ] -3y 8
c) 1.04x10°m/s (64350 bb) =(").0xno"q) + Ex

d) 1.40x10°m/s #.ooxio™?)
Ex: 9.925x10°%° v

Ex 3 c0v?
A325%0°% = 3 (quwp vt
V=Y p2x105 7/

Use the following information to answer Q46:

Light from a source passes through a glass prism and the following spectrum is observed.

Q46: The prism separates the colors because
=S

Different wavelengths refract to different angles — ’&&;&O ;ii‘r’*’ﬁ v qoing foe one ced
b) Different wavelengths diffract to different angles \‘ == ’
x] There is no change in frequency in refraction Dis&octon oceos 10 ‘é ./ﬂ:g

M- There is no change in frequency in diffraction Q



o fevm

Use the following information to answer Q47:

In a Compton scattering experiment, an X-ray photon that has a wavelength of 0.130 nm is incident
on a free, initially stationary electron. The scattered X-ray photon, which has a wavelength of 0.135
nm, travels back the way the incident photon came.

Before
Path of incident photon Free electron
s @
A=0.130 nm

F"",'i" g 5'*!0’2‘4,,/5

After

Path of scattered photon Free clectron
oL O__ .
A=0.135nm
f).: ,!\Q ’-"quTXIO'N s

Q47: The magnitude of the final momentum of the electron is
a) 1.33x10%kg*m/s
@®) 1.00x10% kg*m/s AN

) SO e (+500%) = (4. 91<107%) + Pe
d) 4.91x10* kg*m/s
2
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Use the following information to answer Q48:

In a photoelectric effect experiment, electromagnetic radiation (EMR) of varying frequencies is
incident on each of four different metals. The intensity of EMR used for each of the metals is
different. The resulting photocurrent is measured, and a graph of the results is shown below.

Photocurrent as a Function of Frequency
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Q48: When EMR that has a frequency of 8.0 x 10' Hz is incident on each of the metals, the metal that
will emit photoelectrons with the highest kinetic energy is metal

a) Q Ephebr > W + Ex
@ s i
d) T hF = h?o = l:‘(
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Use the following information to answer Q49:

One example of Compton scattering is shown below. The incident photon has a momentum of
1.83x10"® Ns. It collides with a free electron that is initially at rest. The scattered photon has a
momentum of 1.72 x 10" Ns, 85.0° from the direction of the incident photon.

Direction of
scatlered photon

Free cleciron

Direction of
incident photon

= 1.83xK 234 Direction of

scattered eleciron

: XIO-23M$

Q49: The magnitude of the momentum of the free electron after is has been hit by the incident photon
is

a. 1.10x10*kg*m/s ,-ili‘i‘_“ﬁ
b. 1.68x 10> kg*m/s o < Pr
c. 1.71x102 kg*m/s =
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Use the following information to answer Q50-Q51:

In a photoelectric effect experiment, electromagnetic radiation that has a wavelength of 4.00 x 10”m
is incident on a photocathode that has a work function of 2.50 eV.

The photocurrent produced in the experiment is 2.0 x 10° A.

Q50: The maximum speed of a photoelectron emitted in the experiment is

4.61x10° m/s vhoops. ﬁ(b(— of B Y5.
b. 9.37x10°m/s s
c. 1.04x10°m/s v > . 62XI0° s

d. 1.40x10°m/s

Q51: The minimum number of photons incident on the photocathode during 0.50 minutes of continuous
operation is

a. 4.2x10" photons T = _%
b. 6.3 x10% photons t
c. 1.3x10" photons -1 A
O®0 =
(d) 3.8x10* photons < 30

9= §.0%x10°°¢C
i e (3.’{5)((0"{)@,

56 3.35%0'"1 elwos o ecniHed laj
3.95x0'" phebos.
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Use the following information to answer Q52:

In a laboratory experiment, a microwave generator is used to produce a beam of monochromatic
microwaves. These waves are incident on a series of metal tubes that forms a diffraction grating.
The metal tubes are spaced 1.80 cm apart.

When the microwave signal passes through the grating, a receiver placed 52.0 cm from the grating
detects a maximum signal. A first-order maximum signal is also detected at each of positions | and I,
as labelled in the diagram below.

Graling Paosition |
L h 2
1 " Receiver
- ~
Microwave generalor Position 11

Note: This diagram is not to scale.

The angle from the central maximum to either position | or Il is 49.8°.

Q52: The experimental wavelength of the microwaves, in centimeters, is cm.

Fhree
(Record your femr digit answer in the Numerical Response boxes below)

11313 A= dsmB | (6.018)5i0498
L a)

1
,\—. }.37*10"2‘_‘7

> )33cm

Q53: Visible light that has a wavelength of 6.00 x 10”7 m in air is directed into fused quartz. The index of
refraction of fused quartz is 1.46. The wvelength of this light inside the fused quartz, expressed in
scientific notation, is x 10" m.

(Record your four digit answer in the Numerical Response boxes below)

A Nz _ )
Li o l l G»,' 0)._'_00 --(-)—,—z < T'
) A > 6601677 Z
_—__L______
:_ 02—"46 l 6 - 6-00)‘)!;"*
L2 P /.60 A2
N2 > 4)005... %10 7 en
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Q54: If a yellow light with a wavelength of 540 nm shines on a double slit with the slits cut 0.0100 mm
apart, what is the angle between the central bright spot and the second order antinode?

a. 6.19x10° deg A: dsio O

b. 6.19x 107 deg n

c. 3.10deg 570%0°7 = (0.01x1073) 5190
6.20 deg 2

o - 6,20.

Use the following diagram to answer Q55:

X-Ray Production

Vhvuuim

gy
(D
Filument

Elecirons

In the above diagram, X-Rays of frequency 5.2 x 10° Hz are produced by high-energy electrons

Q55: The high-energy electrons have a velocity a.bc x 107 m/s. The values of a, b, c,and d are ;
7 ,and . (1 mark)

(Record your four digit answer in the Numerical Response boxes below)

gl?10lé6 EP — Ex - Ef””*"’
2000% = hf
1(201x1073) o = (6.83%10"2)(5.2x10")

V= £.6998%9 %10 &~y
ve 8.30x0°% my
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Use the following information to answer Q56:

Optical Apparatus

Sources {.enses Mirrors

[ ' " Diffraction

Lrating

Double-sli Seree
apparatus [ ereen

Location X tocationyY

Note: The diagrams are not drawn to scale.

Location2

gmmlmuqm@q&mlqnlpnpulq/qlmmrglmummmpnmnqugmlqln,ummlp
3 ] 15 2

Students use three of the optical apparatus illustrated below to produce a focused, real image in a
darkened room. One of the apparatus has a focal length of 6.55cem.

The students place one apparatus at each labelled location on an optics bench, as shown below. The
optics bench is scaled in millimeters and labelled in centimeters.

Q56: The apparatus placed at location

X is numbered (Record in the first column)
Y is numbered (Record in the second column)
Z is numbered (Record in the third column)

(Record your four digit answer in the Numerical Response boxes below)
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Use the following to answer Q57:

The Photoelectric Effect
Incoming Blue Light | ., .
.c«'u“‘.* "q;,"". "“'4,’* ‘o;‘s.ﬂ,“. Emitter
izt i e Plate

Collector _
P{ate b "'M,'.‘ ."".. .."’vty’ "’anan

@ @ "-.'"""n A e, ‘.j

'< ( . s '.’*‘.
\ Vacuum :\" J

Electrons reach collector plate

b <—
Battery

n Current Flows m

“Stopping Potential” Ammeter

Blue light of wavelength 465 nm is incident on a Cesium surface. The electrons are stopped from
reaching the collector plate by applying a Stopping Potential of 0.570 Volts.

Q57: What is the work function of the Cesium target, ;o eV ?

Thee
(Record your fgmr digit answer in the Numerical Response boxes below)

21, !b Ep’oobﬁ > W + Ek ke S » EP

hc
._)_\_qh)‘r—q_.A\/

(rdxp )3 xel) (leX0.570V)
(Y65%07%)

283...ev . W + o0STHoey
W= 210 ev
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Use the following information to answer Q58:

When a girl who is 122 cm tall stands 40 cm in front of a particular mirror, her virtual image in the
mirror is upright and 54 cm tall.

Q58: The mirroris__i__, and the girl’s image is located __ii__ away from the mirror.

ORIJec TGE
i i ho= 12c¢¢ d;lic mjodhe
convex 18 cm do = Hocw he: St
B convex 90 cm i A
i i ichoe 4 A& Avoeninishee .
C concave 18 cm bo Mege & vickel, erect, en N
D concave 90 cm he : B
ho Ao
I3 I O
122 4o
dg x5 ’q:’c«)
ARSI PN
¥ éo * C\C
B L t
F Yo -13.3

Q59: An electron is accelerated from rest using an accelerating voltage of a.bc x 107 Volts and collides
with a tungsten target to generate an X-Ray of energy 4.8 x 10" J. The values of a, b, c,and d are X
, , and . (1 mark)

(Record your four digit answer in the Numerical Response boxes below)

3lolo]2 - B P Ee 2 Ephoka
ZA\I ‘—__"the«)uﬂ

(16010™)(AV) = (v gox o)
sV = 300V
2 3.00 x16% v




