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1. Consider Young’s double slit experiment; when a coherent green light source is projected through 2
small slits that are several hundred nanometres apart; an image is produced on a screen.

a) Explain why the image on the screen is regions of light and dark bands.

(2)

The light diffracts to circular wave fronts through the slits v/
The light and dark bands are the interference pattern v (light
=constructive and dark =destructive).

b) This indicates that light is behaving as a: (circle a response) particle
1)

2. Describe 2 ways that an atom in its ground state can become “excited”.

(2)

Thermal excitation -via particle collisions to transfer energy into
atomic electronv’

Photon absorption where photon energy matches E level diff v/

By bombardment of atomic electron by external particle e.g.
electrons accelerated by an electric field transfer KE to atomic
electron.

Any 2 reasonable answers with a description rather than just a
list




3. Alight wave is often depicted as 2 waves propagating perpendicular to each other. Explain the
meaning of the 2 waves in this diagram.

(2)

Cop yr.!'g‘ﬁ/ Jokn Wiley & Sons

The EM wave is composed of two components v/

electric field (E)

and magnetic field (B) v/

which are perpendicular to each other and to the direction of
wave propagation.

4. Consider the photoelectric effect. Blue light of wavelength 445 nm shines on a metal whose work
function is 1.80 eV.

a) Calculate the maximum kinetic energy of the ejected electrons

3)

c 3 x 108

f=3= m5x10

f =6.74157 X 10"Hzv' W=180x%x160x10% =2.88x10"%)
E kgmax = hf =W
E kg max = (6.63 X 10734 x 6.74157 x 101*) — 1.80 X 1.60x 102° v/
EKEMax = 159 X 10_19] ‘/

b) Red light of wavelength 770 nm is shone onto the same metal. Will the photoelectric effect occur in
this instance? Explain briefly.

(4)

W = hf,
1.80 X 1.60x 101 = 6.63 X 1073* X f

fo =4.343 x 10 Hz v
c 3x108

A===

f  4.343x101%
A=6.90x107 = 690 nm v’
770 nm is longer than 690 nm which is less energetic so will NOT occurv’

OR, calculates E photon = 1.61 eV which is less than 1.80 eV
(2.58E-19 J vs 2.88E-19 J)
OR, calculates f photon as 3.896 x 10* Hz which is less than threshold f




5. A green light emitting diode (LED) emits monochromatic light with a wavelength of 532 nm. The LED
has a power rating of 40.0 mWw.

a) Calculate the photon energy of the LED (2)

Consider photon
E=hf=hc/A=663x103*x3x10%/532x10°v
E=374x10P7J v

b) Calculate how many photons are emitted when the LED illuminates for 180 milliseconds.

3)

Consider a pulse
E=Pxt=0040x0.180=720x103J v

#photons = E (pulse) / E (photon) = 7.20 x 103/ 3.74 x 10v
#photons = 1.93 x 10 v/

c) If the LED had the same power rating but was blue instead of green how many photons would it emit in
comparison? Circle a response

1)
Greater number Same number Impossible to know
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Some students conduct an experiment with the photoelectric effect equipment shown in the diagram.
Yellow light of wavelength 555 nm is shone onto the photocathode and current flows. They adjust the
voltage source to find the stopping voltage that prevents photoelectrons reaching the anode. This

occurs at -0.61 V.

target (anode)

emitted photoelectrons

photocathode

adjust retarding potential
l to prevent photoelectrons

from reaching target

voltage source

a) Calculate the speed of the fastest moving electrons when they are emitted from the cathode.

3)

1

_ _ 2
qVo = EKEMax - Emv

(—1.60 X 10719 x —0.61) v = %9.11 x 103! x p2 v/
v=463%x10°ms v

b) Calculate the work function of the metal stating your answer in eV.

(3)

Vo= E yppyax =N —W
W =hf —q.V,
hc
W = 7 —q.V
—34 8
W= X0 (~1.60 X 1071 x —0.61) v’
555%x10

—-19
W =2.60778 x 10719 v'= 222220 eV = 163 eV v




The students plot a curve of photocurrent versus voltage for the yellow light and obtain the curve below.

Froe | _— Imj.

// — l"‘/f inlben S‘J_la

-~
Stopping Voltage
Potential

c) Explain why the curve flattens on the section labelled “saturation current”.

(2)

As the voltage increases from negative to positive all photo-
electrons are brought across the plate gap. Current = flow of
these chargesv’

For a given intensity of light there is a maximum number of
photoelectrons corresponding to the number of photons in the
beam. v (per second)

d) Sketch the approximate shape of the curve if the yellow light is halved in intensity and label it “half
intensity”.

(1)

Shows same stopping voltage lower saturation currentv’

e) Sketch the approximate shape of the curve obtained if indigo light at a higher intensity is used instead
of yellow light. Label this curve “indigo”

(1)

Shows more negative stopping voltage higher saturation
currentv’
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7. The diagram below details some of the energy levels for the Waugium atom.

0eV Ex
-1.36 eV 4 E5
-1.94 eV l E4
ev v W~ ; E3
v }
-5.75 eV & E2
-9.76 eV w V E1 ground state

a) The ground state atom absorbs a 185 nm photon which causes an excitation to E3. Determine the
energy of E3 in electron volts to 3 significant figures.

4)
A=185 x 107 m
h.c 6.63x1073*x 3 x 108
E = = v
A 185 x 10—°
E-10751x 10 Jv
E (eV)=10751x 108 / 1.60 x 10"
E(eV)=6.72eVV
E3=E1+6.72
E3=-9.76 + 6.72 = -3.04 eV¥ (on the diagram)
b) State the minimum photon energy in eV that could ionise the atom in its ground state.
1)

976 eV Vv

c) Which energy level transition is responsible for the longest wavelength (nm) possible in the emission
spectrum of Waugium as the ionised electron returns to its ground state?

E5 to E4 v

(1)




d) Which area of the electromagnetic spectrum does a 185 nm photon belongs to? (Remember that the

SCSA F&C sheet is a rough guide only).

Ultraviolet v/

e) An atomic electron is at E5. How many lines in the emission spectrum would be possible for the

energy levels considered above if it returns to the ground state?

(1)

(1)

Number of lines = 10

f) A single Waugium atom in the ground state is bombarded by one electron of kinetic energy of 4.50

eV. Detail in the table below the possible photon energies observable on de-excitation and the

possible bombarding electron energy after passing through the Waugium atom.

Possible photon energies on de-excitation
(eV)

Bombarding electron energy after
colliding with atomic electron (eV)

9.76 - 5.75=4.01eV VvV

450-4.01=049eV Vv

g) Can the ground state atom absorb a 7.88 eV photon? Explain briefly

No, there are no energy level differences that equal this valuev’
Correct explanation required for mark

h) Can the ground state atom absorb a 14.8 eV photon? Explain briefly

Yes, can ionise and have a balance of 14.8 -9.76 eV as KEV
Correct explanation required for mark
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(2)

(1)

(1)



8. A proton is travelling at 85% of the speed of light. Calculate the de Broglie wavelength of the proton.
(momentum = mass x velocity)

m=167x10%kg v=0.85x3x108ms!v

3)

h
1=—
mv
—-34
A . 6.63x10 v

T 167x10727 x 0.85x3x 108

A=156x%x10"Pm v

9. The diagram shows an absorption spectrum for helium when viewed through a spectroscope. Black
lines are shown on an otherwise continuous background. Explain how this absorption spectrum is
formed.

helium light signature

absorption

emission

2

He

gries petty research ...

White/Continuous (black body) spectrum of light is incident on | @)
relatively cool helium gas v

Photon absorption of only those photons whose energies
correspond to energy level differences used for excitation of
atomic electrons in heliumv’

These wavelengths removed from spectrum seen as black lines
- all other wavelengths pass through and are observed. v

Any 3 reasonable points.

Can also mention on de-excitation photons are scattered in
random directions.

10. Calculate the momentum of 622 nm orange photon.

(2)

A=622 x107°

h h

A = — = —

p p A
6.63x10734

_ 20X
622 X109

p=107%x10""kgmst v

End of test



