RTD Physics 30 % RTD EXAM PREP Unit 3 Review - Solutions
UNIT 3 REVIEW #2: PHOTON THEORY (SOLUTIONS)

1
1. a) 320x10"]J L_w = 20,000eV = 20.0 keV
1.60x107"J
1.60x107" .
b) 67.0GeV = 67.0x10°ev x 0010 o010
leV
IR
2. Find the wavelength: R 700 nm
hc he O
Ephmn:7 EAl=hc ﬂ,zf Y
G
‘ 34 . 8 ~ B
5= 66310 )3 0010 mI5) 508 x 107 m = 908 nm ;
2.19x107°J
V400 nm
Since the wavelength is longer than 700 nm, this is infrared EMR. uv
3 < 4 S
Height 1
(cm)
@ RTD EXAM PREP 483
Distance
(nm)
_52 —+

Based on the diagram above, we see that A = % (483 x107° m) = 1.61 x10'm

he  (4.14x107eVs)3.00x10°m/s)

E =— = = 7.714 eV
photon = 3 1.61x107 m
E
Finally, E,=nkE,,,, n=— L= 78;)?462/ = 104 photons

photon
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4. The minimum energy to remove an electron is called the work function.
ie. W=4.13x10"]J

Also,basedon v=fA1 A :% Aoc 1 Inverse relationship

Thus, when wavelength is at a maximum, frequency is at a minimum
(i.e. threshold frequency fy).

W _413x107°J

7 —m = 6.229 x 1014HZ
. X S

So, W=hf, fo

8
B = = 2000 mIS ey 107 m = 482nm
fy  6229x10"Hz

5. W=hf, = (6.63x10%Js)5.5x10" Hz) = 3.6465x107°J

o _he _ (6.63x107J5)3.00x10%m/s)
photon 4 380x10~°m

= 52342 x 1077

Conservation of energy:

O Incident
photon
E=hf

= hcl/ A

E,=E,
E poion =W+ E} () A8 rro dxam prep
By (max) = E phoon =W e-
= (52342 x 1077 J) —(3.6465 x 1077 J) p>\> e-
= 1.5877x 107" J wﬂx
Etma) = 9eVsp Viop = Ek;‘:a") = 1'15.2317(1)01:;] =099V
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he

1 . .
6. Basedon E,,, =7 E oion OCZ (Inverse relationship).

Thus, the shortest wavelengths will have the greatest photon energies.
We must choose the 400 nm light (i.e. violet) to create the maximum kinetic energy.

he _ (6.63x107J5)3.00x10°m/ s)

E o =— = = 4.9725x 10777
? y) 40010~ m
1 _ _
E () :Emvz = 0.5(9.11 x 10" kg) (7.10 x 10° m/s)* = 2.2962 x 107" J

Conservation of energy: Q Incident
E,=E, photon
@ RTD EXAM PRAP E=hf
Ephoton =W+ Ek(max) = hcl/ A
W = Ephoton - Ek(max) c-
= (4.9725x 1077 J) —(2.2962 x 107 J) W™ e
= 26763 x 1077 ] wﬂ
Finally, = W= 2.6763x10""J x L/w = 1.67eV
1.60x107"J

7. Determine the number of electrons every second:
=4 g=1t = (620x 10> A)(1s) = 0.620 C

g 0.620C

:m = 3.88 x 10'® electrons
e .60 x

q=ne n=

Since we assume a one-to-one relationship between low-energy photons and electrons
(i.e. one photon can emit only one electron), then the number of photons must be greater than
or equal to the number of electrons.

So, the minimum number of photons would be 3.88 x 10'® electrons.
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RTD Physics 30

8.

a) An increase in intensity (i.e. brightness) means that there are more photons striking

the metal surface. More photons means that there will be more electrons emitted.

This leads to a greater photocurrent.

Incident
photon

©

E=hf

= hcl/ A

Ek max

w| ™ e-

hf , ahigher frequency means that

the incident photons will have greater energy.

b) Basedon FE

if the photons have more energy, then the emitted

Since the work function is fixed for a metal,
electrons will have greater kinetic energy.

This means that the electrons will fly off the surface
at greater speeds (which means that a greater Vi,

will be needed to prevent photocurrent).

Max Ej of the photoelectrons as a function of incident frequency

44 1L -

Incident frequency (x 10'* Hz)

x-intercept ~ 5.8 x 10" Hz

fo =

a)
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_ . -19
b) h = slope = LERPA (3.8 0'4)X1014 S esx10 L
x,—x,  (11.5-6.5)x10" Hz Hz

= 6‘8x10’34i = 6.8x10*7Js

A

c) Be certain to use the experimental values (from the graph).

W=hf, = (6.8x107*Js)(5.8x 10" Hz) = 3.9x107"°]J

10. E=pc = (441 x10 % kgm/s) (3.00 x 10°m/s) = 1.323x107""]J

E 1.323x107"7J 16
E=h == = 200x10°Hz
/ / h o 6.63x107* Js

11. Find the momentum of the photon:

-19
E= 920x100ev x 2001077 i 07

leV

E 1472x107"J 20
E = pc =—=—""""_— % = 49067 x 10 kg-m/s
P P ¢ 3.00x10%m/s 8

If the alpha particle has the same momentum,

p=my v_£_4.9067x10_20kg.m/s

m 6.65x10 kg

= 738 x 10° m/s
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12. For the Compton Effect, the angle & is the angle of
deflection with respect to its original direction.

So,
0=110°
-34
A ="(1-cos0) = 063x107 (1 _cos110°)
me (9.11x107" \3x10%)
=32556x10?m = 3.2556pm
A=A~ A, =2 +AA = 580pm + 32556 pm = 9.06 pm

13. If its wavelength increased by 400 am, then AA =+400 x 107 m

Aﬂ:i(l—cosﬁ) meAz =1-cosd <:osz9+mCA}L =1
mc h
=27 8 —-18
osp o1 MM [1L67x10 )(3><10_)3(f®0><10 ) _ o060
h 6.63x10
0 =cos™(0.6977) = 45.8°
6.63x107*

h _ _ o
14. a) Al—%(l—cosﬁ) = (1.67><10‘27X3><108)(1 c0s90°)

= 1323 x 10" m = 1.323 fm X-ray /

A=2,-2, s
A, =A+Ad = 4fm + 1323 fm = 5323 fm 28 cro e
v_c 3x10° 2
v=fAa =—=—=_——"—"—= =564x10" Hz
/ L R AR T X TS
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b) Conservation of Energy:

ETi = ETf Exray = E;cray +Ek(p+)
, hc  he
Ek(p+) = Exray _Exray k(p+) = 7_7
i f
(6.63x10°*)3x10%) (6.63x10™*)3x10*) o
Eypn) = el ) = 124x 10
r 4x10 5.323x10
E.,, h 663x107* _19
C) Pray = Ty = 7 = W = 1.6575 x 10 kgm/s

!

34
.. zﬂ:i:% = 1.2455 x 107" kg-m/s
"¢ 4, 5.323x10

Conservation of momentum:

- = -
pxray _pxray +pp+

This leads to the vector triangle shown.

=/
px—ray

c=a*+b  p, =y(1.6575x107 ) +(1.2455x10™ )

= 2.07x10" kg-m/s

Puw  1.2455x107"
Py 1.6575x1077

tan § = B =tan"'(0.7515) = 36.9°
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15. Photoelectric Effect

O Incident
The incident photon is fully absorbed by photon
the electron, the electron is emitted, and 8\ ko exam prep E=hf
the electron keeps the rest of the energy _
C . = hc/ A

as kinetic energy

e_

w| ™ e-

Wax

Compton Effect

The incident x-ray photon is only partially absorbed, emitting the electron and
giving the electron kinetic energy. The rest of the photon energy is reemitted as an x-ray
photon with less energy (lower f, longer A).

e- emitted electron

Incident x-ray
photon
STAVATAVAVAVA VAV VR (-

O deflected x-ray
photon

Same: Both absorb energy from a photon and an electron is emitted.

Different:  Photoelectric effect involves complete absorption of the photon, while in the
Compton Effect, there is only partial absorption. That is, in the Compton Effect,
the photon behaves more like a particle.
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