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L13 - Photons

Q1: Atoms in the phosphorescent screen absorb the energy of the cathode ray particles. They re-emit
this energy in the form of photons of energy 4.11 x 10™ J. One of these photons has a wavelength,

expressed in scientific notation, of

c= he
a) 1.61x10"m PN .
4.84x10" m Do = (663x0 3IN30X0 )
c) 2.07x10°m N
d) 6.20x10"*m Nz 4 89%10™ e

Q2: Which of the following lists has selected regions of the electromagnetic spectrum arranged in order
: ; 5
of increasing photon energy? s & Hr,k s

a) Radio, microwave, X-rays, visible RAT v IXG
@ Infrared, ultraviolet, X-rays, gamma —_—

c) Gamma, visible, infrared, microwaves

d) Microwaves, ultraviolet, visible, infrared

Q3: A 2.50 W flashlight emitting a 600nm wavelength emits a.b x 10 photons per second, where a, b, ¢,

anddare__ ,_ , ,and __. sk s ﬁ(gp )
(Record your four digit answer in the Numerical Response boxes below) 2 ,5 = D }_}C__ )
~B 8
25+ (6.63%0721)(30%10 )
Sl 600=10"1

n= 7F.5M1.. x/ 0"
> 25 x10'"® phokas
Q4: The rate at which solar energy reaches Earth’s surface at the equator is 800 W/m?>. If all of the

energy were in the form of yellow light, which has a wavelength of 520 nm, then the number of photons
that would reach 1.00 m? of Earth'’s surface at the equator in 3.20 sis

6.27 x 10** photons Eprac > 0 (Ephoba)
21
d - 8
b) 2.09 x 10* photons 860 T n (6.63x(0 3‘1)(3.oxlo )

c) 6.27 x 10™ photons

-9
d) 2.09 x 10 photons 520x |

n~ 2.0 xuo® phoboos pec secons s m?*
T 3B, 0= 6.Z=}x102’pkobos.
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L13 — X-Ray Production

Use the following information to answer Q5:

Forms of Energy

1 - Kinetic Energy, E;, = %mv2
2 —Photon Energy, E = hf
3 — Potential Energy, AE,, = qAV

Q5: During X-Ray production, energy exists in three different forms.

phobo
Direction: 5 \ 2 ‘—“\-,
g
Force: First Form Second Form Third Form

e)————ilx
Ej P Ex [+
+

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

3|}z

Q6: An X-ray tube operates with a potential difference of 4.5 x 10° V. The minimum wavelength of X-rays
being produced, expressed in scientific notation, is a.b x 10°? m. The values of a, b, ¢, and dare )

) , and

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

28] 1] Ep = Bz — Bphebn
he
QA\/-—) 2

(160%107 .5 x10") = (64341071 N3.0%108
A

o -1
A= 2.36254067"
x 2.8 XIO-‘lm

Als nade

9AV = he
A g8 8)
OeX"I.Sx/o"') z (‘7’./'—/xIQ 2(3.0\440
A

A= 2.3xp07"m
x 2. Bxin~' A
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Use the following information to answer Q7:

An electron travelling at 2.50 x 10° m/s enters a parallel plate apparatus with a potential difference
of 200mV. Upon reaching Plate B, the electron decelerates, generating a photon.

A B

@ 2.50 x10° m/s

Q7: The frequency of the photon generated is a.b x 10 Hz, where a, b, ¢, and d are

; " , and

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

q

3

EK{ + EP-.' —» EK; - EP)‘OM
z(a.1 xlo-s'X2.50x105>)' + (I.onlo"o')CZOONo's> = (6.63)«6;“)—?-

2.8468795x0°*° + 320we - (5637«0'304
£.016825x072° - (6.63xi0 )%

}

F: 912... %02 He
> q(x10'3 1,
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L14&15 - Photoelectric Effect 1&2

Q8: Which equation best models the Photoelectric Effect?
a) gAV =hf Ep"wbﬂ = W e
b) %mvz = hf hf = W+ 2ev?
@ hf =W + §m172
d) hf =W +>mv?

Q9: The work function of silicon is 7.76 x 10™ J. The maximum wavelength of electromagnetic radiation
that will cause photoelectrons to be emitted from a silicon surface, expressed in scientific notation, is

a.bc x 109 m. The values of a, b, ¢, and d are A - ,and . (2 marks)
((Record your four digit answer in the Numerical Response boxes below) o
hoker =2 W + )2./3
ABAE v

-

e By
A

(663%1072)(3.0x108) o
A
7

N 250399 x(0 0

= 2.5 40 %
Use the following information to answer Q10:

A photon that had a frequency of 7.20 x 10™ Hz struck a polished metal surface and caused a single
electron to be released. The released electron had a kinetic energy of 1.00 eV.

Q10: The work function of the metal surface was

a) 1.00eV Bphoo — W+ By

(b) 1.98ev hf = W+ 5y

c) 2.98eV i

d) 3.98eV (. 19x0 '5)(_“'20*10”) = W+ )00eV

W= 1.9809 ev
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Q11: A photocathode that has a threshold frequency of 5.6 x 10™ Hz is illuminated with light that has a
frequency of 8.2 x 10" Hz. The maximum kinetic energy of the ejected photoelectrons is

@ 1.7x10%) Ephobo 2 J + Ex
b) 3.7)(10—19.] h'F s I”’;o + E[(
c) 54x10%)
d) 9.1x10™} (6-63x10 X(8.2x10'Y) > (6.63x10>Y)(54x10'") + £

536607 = 3.312840717 £
Ec> 1.7238x 077

Use the following information to answer Q12:

Classical wave theory and quantum physics make different predictions about the effect of incident
electromagnetic radiation on a photoelectric surface.

Four Photoelectric Effect Predictions

1. Low-intensity electromagnetic radiation incident on a photoelectric surface for long periods
of time will cause photoemission. —® Clowsical

2. High-intensity electromagnetic radiation will not cause photoemission unless its frequency
is greater than the photoelectric surface’s threshold frequency. = Qusc4o¢0

3. The energy of the emitted photoelectrons will increase if the intensity of the incident
electromagnetic radiation is increased. - ([assica] Brighicess

4. The energy of the emitted photoelectrons is independent of the intensity of the incident
electromagnetic radiation. anhm 3

Q12: Match each of the predictions above with the appropriate theory of physics as labelled below.
(There is more than one correct answer.)

Prediction: ! ) 2 Y
Appropriate Theory: Classical wave theory Quantum physics

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

L13]2]4 o 3124 or 1342, o 342
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Use the following information to answer Q13:

In a classroom investigation, a student observes that when an ultraviolet radiation source is on, and
the ultraviolet radiation is incident on a polished metal surface, the metal leaves of a charged
electroscope collapse, indicating that the charge has decreased.

Conducting wire

Ulraviolet

radiation source Metal leaves

Polished
mctal plate Electroscope

Insulating base

Q13: Based on the student’s observation, it can be inferred that the phoenomenon that is occuring is

a) Compton scattering ,\
b) Rutherford scattering
c) Charging by induction A~

@ The photoelectric effect

Q14: A photocathode that has a threshold frequency of 5.6 x 10" Hz is illuminated with light that has a
frequency of 8.2 x 10" Hz. The maximum kinetic energy of the ejected photoelectron is

1740 Lohoops!  Rpat of i),
b) 3.7x10") . ! ‘
O 54x10%) Ted cutious how eny peple will  cokh 44"5’

d) 9.1x10%} b0 T'c0 Jeqm\l% i+t .
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Q15: Which of the following equations represents the relationship among the stopping voltage, the
photon frequency, and the threshold frequency for the photoelectric effect?

_ hf-hfy Photo eleckiic Effect
@ Vstop h e

Ephobo —> W+ Ep S oy o}
b) Vstop = (hf — hfo)qe P W= h

n hf = hic + 9Vsmp
C) f=qustop+hfo
hf -ht - ivﬁop
d) f = hqcVstop — hf
top 0 -L;.}’)£- - ijP

Use the following information to answer Q16:

A satellite in orbit around Earth is exposed to radiation from the Sun. This radiation may cause the
satellite to become positively charged.

Some Wavelengths Incident on a Satellite

2.25x10"m
2.33x10"m
3.24x10"m
4.28x10" m

=R

Platinum is commonly used to coat satellites and has a work function of 8.5 x 10 J.

Q16: Which of the wavelengths listed above would cause a satellite with a platinum coating to become
positively charged?

Ephoko —> W+ gL
a) Wavelength I only

b) Wavelength IV only _}3_9. - W
@ Wavelengths I and II A
d) Wavelengths III and IV (6.4 31624 Y(3.0x10 ¢) = 8.5x10""
A

A oo 2.34%10" Ten
b0 204 P;\cbn with a leszys uuavelu\j}h

will have wore enugd Jo overcerte ok
FJA*.'-TIOI-)) wu—;\ e)&ce.sg 5°?‘j o EK o¥

#he elackaa
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Use the following information to answer Q17-Q21:

Their results are given in the table below.

They calculated the maximum kinetic energy of the emitted photoelectrons.

A student performed a photoelectric effect experiment in which they exposed an unidentified metal
to various frequencies of incident electromagnetic radiation and measured the stopping voltage of
the emitted photoelectrons.

Frequency of incident

electromagnetic radiation (x10"° Hz) L R el LN L S
Maximum kinetic energy of emitted

photoelectrons(xlO’lg.l) 10 (18 (24| 31| 38| 44

The teacher provided the student with the following table of work functions for selected metals.

Metal Na Co Pb Zn Fe Ag Pt
Work, 228 | 390 | 414 | 431 | 450 | 473 | 635
Function (eV)
Q17: (Long Answer) Graph the relationship. (2 marks)
5 g
Ek
4 4
O -
L ‘Fo
’/
— o) B

‘Freq'uen% CXIO'S h’z->
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Q18: Which region of the electromagnetic spectrum stzes the incident radiation belong?

w £ H,‘jlrv‘
HTV U X &
a. Infrared R >
A 4eaall
b. Microwave bt J, &
@ Ultraviolet 2oY6 @1V
d. Visible I50ac0 YO0

fo
Q19: The significance of the x-intercept is the __i__, and the significance of the y-intercept is the __ji

i. ii.
Threshold Frequency Work Function

A.

B Threshold Frequency Negative Work Function
C. | Work Function Threshold Frequency

D. | Negative Work Function | Threshold Frequency

Q20: The value of the slope should be

(@ 6.63x10*
b. 4.14x10"
c. 6.67x10™
d. 3.00x10°

Q21: (Long Answer) ldentify the metal. Justify your answer. (2 marks)

_Ophooml: Siage, Fek foint

Eph:ko - w + B
h'F -2 W + Eg

(é.észo‘3"Xz.3x,o»5> SR o (,,OX,O-M)

W= 761907
TR e e Vlia . 431875V

/.603((0"93'
bo the ekl g Aqg

—

.

226‘-0*‘2: x-\'(\kW-()" -ﬁ’bmjﬁp\w (-ﬁ,)

W= h€§,
(G %10"5)( 114x10'5)
% '1' :’I qé Y76} "5 e\/

b0 the rack] bi
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L16 ~ Compton Effect

Q22: A photon of X-ray radiation is incident on a metal surface and is scattered when it strikes an
electron. During this process some of the photon’s energy and momentum are transferred to the
electron. Compared to the initial X-ray photon’s characteristics, the scattered photon will have a

/

a) Shorter wavelength and a slower speed

b) Longer wavelength and a slower speed Al s
c) Shorter wavelength and the same speed 0 - il
Longer wavelength and the same speed 3
® especd B
C:3.0r0% s g ©

Q23: An X-Ray of frequency 3.8 x 10" Hz strikes an electron and then the photon scatters at an angle of
42°. The X-Ray lost b x 10™ Ns of momentum during the collision. The value of b, written in scienfitic
notation, is . (2 marks)

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

6]16]2]8 /

._qz_)__
Tnidal
e e
c= $A Collisisn
(3.09(!03) 3 (3,8,“01?)/\ AN: _f')_c., CI-CosQ)
Ao+ 7.899% 3684920 v 510 -3y
(- - b (663x0734) A AV S (6'63#0 ) (}’(o.s "’2)
<7 N (989490 x007™9) (q.uuo'“)(s.o“o%

Ve - & %249999 ) ;
8% 99999 %10 %)k AN= £.23106405812x0

Afer
AN Asg - z\c

6-230640%1256™3 = A¢ - 894 369U x(0™°

/\‘: > 3,96096 390617 xlo'wm
. h. (63x0?0
i 22 = 8.3%33695 333 %10 S/

(3 900% ... Xto"°>

AP = £.62304 626 xi67%8 4
= 667(/0”28 A/\s
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Cumulative Review

Use the following information to answer Q24:

A 12g airsoft pellet strikes a 0.2 kg mass on the end of a 1.0m string. The pendulum arm swings 30°
after the impact.
£
1 2 =3
Y
n
[
o
%
N
5 L=1.0m
X
O
mpe"et = 12g g L ; /
- | - h{= 01334345942 b
mb,od( = 0.2 kg

Q24: The initial speed of the airsoft pellet, prior to impact, is a.bc x 10° m/s, where a, b, ¢, and d are

s SR rand i e

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

2181611
Frasac Corr 5100
EciaPiED o =
2V ors_cjk (Ga)v, + © = (0.2:2)(1.62)29...)

V" = (220)0.1399..)

Ve = 28 69 2313089 ™
N = },62)2900964_3% %

Vo % 2.86 %(0' /g
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Use the following information to answer Q25-30:

An incident photon of wavelength 400nm strikes a polished metal plate, B, and an electron is
ejected.

A B
— A\\ @'
A =400nm
/ ff&{/[/ ’
(‘—7) U (7
— n L
P X €
3.00cm
4.00cm
|
|

\> O.SLOV

54°th 09 Voltmge.

Q25: The frequency of the incident photon is a.b x 10° Hz, where a, b, ¢, and d are ,__,__,and

;;ord your four digit answer in the Numerical Response boxes below) C 32 :Ij):i) b 'F [ YoOx o q)

21 sl 14 $ = ASxi0' He

Q26: The work function of the polished metal plate, B,is ____eV.

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

ANE] Ephohm - W + Ep whae Exrox = Z\/ﬁop
b—)% = W + gVsip

(o 3.0%0) L (1eYo )

L"Icr)xlo‘q)
Ao5eV = W o+ 0.9eV
W = 2,305 eV

* 2.3lev
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Q27: The electric field at Point P is directed

@ Towards Plate A
b) Towards Plate B
c) Into the page
d) Out of the page

Q28: Which diagram represents the magnetic field of the electron as it moves from Plate B to Plate A?

T
"

d) \’/
C) &) &M_..
7N

At Enrr:ﬂ-;f po'.n’fl,

Q29: The electric field strength at Point P is
—_——

a) 0.20N/C JEl = 4Y - 08 . Sowm
b) 2.00 N/C S

() 20.0N/C

d) 200 N/C

Q30: While at Point P, the electron is moving with a speed of a.bc x 107 m/s, where a, b, ¢, and dare
___I..___l._land__._' Ep)—»oko -2 W+ Exk

3.165eN > 2, 3c5ev + E"C

(Record your three digit answer in the Numerical Response boxes below)
Ex.= 0.8 eV

MBTHOD #2 Sz -19
2[6]5]5 AT i
1El= &Y% - zon/c V¢ 5.30103 %105,
HMetrop =/ F=ql€l = (160 #0™9)(20)
ABp: 9 AV > 220x0™W
=(1.60107)0.8) as ek 3.2040™F . 3.52¢23v9, 6 Fx(p 200
= l.28x0™" T o S
(. Z43¥% ay .
Theee Qua(-kb of the ey thage ? N¢ s V£z+2°é
Then we have ¥4 of the Bp. e (5’.301(33></O‘5)2-}263_5:2623.‘.;«0‘?%0.03)
The fecaatning Yq is skl gy Ng*a 2.8048..x0" — 210753 xi0"
Ec= /4(1.28x10™) = 3.2% 0720 Ns? 2 F02524.. 2
Ei = Feav™ Ns = 2.6505] wo5
(3.2wo™®) - £(9U xip2D vz =
NV = 245051 X105



