LY zelad] 2850 (1o cilad) 120 Jraxi o

almahah).com/ae

Q2

Lo Lia) slgall zramg Cigial] graxd Jac Gl sl (e Jguamll¥

https://almanahj.com/ae

Lie i) plad) e (S Codll slge guaxd Joo Gyl e Jguamld *
https://almanahj.com/ae/12
Lis Laa), Jgaid] guaxdy elijud sale (b pld) pie ) Caddl Glgl zua> (sle Jguaml) *

https://almanahj.com/ae/12

Lo bas) o Lolsdl elijub 8ale (b pll pie (S Cadl alge guaxd Jac Gl gl (e Jgmamdd *
https://almanahj.com/ae/12
L bzl pld) jie Gl Caall U Jguat)) graz> (48 algall graz iS Jraxi) *
https://almanahj.com/ae/grade12
Lo bao) iplali (de maliadl cog () chasill

https://t.me/almanahj_bot



https://almanahj.com/ae
https://almanahj.com/ae
https://almanahj.com/ae/12
https://almanahj.com/ae/12
https://almanahj.com/ae/12
https://almanahj.com/ae/12
https://almanahj.com/ae/12
https://almanahj.com/ae/12
https://almanahj.com/ae/grade12
https://almanahj.com/ae/grade12
https://t.me/almanahj_bot
https://t.me/almanahj_bot
http://www.tcpdf.org

a—taill g d il 3 ) 3
Ao yaa) cillanll ¢ ULud

il acall i
2020-2019 (ol I plall

s PHYSICS

a >
9N N)

Grade 12 General / physics
Trimester 3 / Academic Year 2019-2020

Quantum theory part 2 1
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Chapter 9 — Quantum theory

1- How to find the kinetic energy of the photoelectric electrons?

The kinetic energy of an ejected electron is equal to the difference
between the incident photon energy (hf) and the energy of a photon with
the threshold frequency (hfo).

[ KE = hf — hfy }

» Notel: (hfo) is the minimum energy needed to free the most weakly
bound electron from the metal. It is called also the work function
of a metal.

» Note2: When a photon of frequency fo is incident on a metal, the
energy of the photon is enough to release an electron but not
enough to provide the electron with any kinetic energy.

The kinetic energy of the photoelectric electrons

1 KE=E-W
2 KE = hf — hf,
3 KE — 1240 1240

- A
4 KE = —e. AV,

This will be explained later

5

KE = —m.v?

2m v

differing velocities
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2- Two photons each of them has an energy less than the work function
of a metal, but the sum of their energies is higher than the work
function. If these two photons fall on the surface of that metal, are
they able to free the most weakly bound electron from the metal?

No, because one photon interacts with one electron, an electron cannot

simply store energy from low frequency photons until it collects enough
energy to break free

Testing the photon theory

1- This experiment support Einstein’s photon theory:

UV or light source

g Radiation

Cathode
Anode

o
Photocell S
‘d ~|Ammeter
/ Potentiometer

A%

At a certain potential difference, called the stopping potential, the
current stops because no electrons ejected from the cathode have
enough kinetic energy to reach the anode. At the stopping potential, the
electrons’ kinetic energy at the cathode equals the work done by the
electric field to stop them (W = KE = —eAl/,)

2- Name on of the photoelectric effect applications.

The photoelectric detectors in the digital camera.
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Applications

1- The stopping potential difference of a certain photocell is 4.0 V. How
much kinetic energy does the incident light give the electrons?

cathode Anode

t

¢ ——>

InCident
light

2- An electron has an energy of 2.3 eV. What is the kinetic energy of the
electron in joules?

3- What is the kinetic energy in eV of an electron with a velocity of
6.2x1 0° m/s?

4- The stopping potential for a photoelectric cell is 5.7 V. Calculate the
maximum kinetic energy of the emitted photoelectrons in eV.

5- The stopping potential for a photoelectric cell is 5.1 V. How much
kinetic energy does the incident light give the electrons in joules?
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6- The maximum Kkinetic energy of emitted photoelectrons in a
photoelectric cell is 7.5x1 0 ~2° J. What is the stopping potential?

7- A photocell uses a sodium cathode. Sodium has a threshold
wavelength of 526 nm.

A. Find the work function of sodium in eV.

B. If ultraviolet radiation with a wavelength of 348 nm falls on sodium,
will the cathode discharge electrons? If so, what is the maximum
energy of the ejected electrons in eV?

8- The threshold wavelength of zinc is 310 nm. Find the threshold
frequency, in Hz, and the work function, in eV, of zinc.
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9- The work function for cesium is 1.95 eV. What is the maximum
kinetic energy, in eV, of photoelectrons ejected when 425-nm violet

light falls on the cesium?

10- When a metal is illuminated with 193-nm ultraviolet radiation,
electrons with kinetic energies of 3.5 eV are emitted. What is the

work function of the metal?

11- Rely on the following figure to answer the questions.

A. What does the slop of the line represent? '

)

qLJ
.............................................................................. Q

Q

o
B. What does point A represent? ‘g‘

S

0 A >

0 Frequency
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Chapter 9 — Quantum theory

Y
1

What are the properties of photons (as a particle)?

v’ The photon has kinetic energy even though it has no mass

v’ The photon has momentum (according to Einstein theory)

N
)

Write the equation of the photon momentum

_W
T c

p p=

NSRS

w
1

about the photon momentum?
Arthur Holly Compton.

4- Explain Compton experiment.

A. Compton directed X-rays of a known wavelength at

What is the name of the scientist who validated Einstein's theory

a graphite target.

B. He measured the wavelengths of the X-rays scattered by the target.

C. He observed that some of the X-rays were scattered without change

in wavelength, whereas others had a longer wavelength than that of

the original radiation.
D. The energy of a photon is inversely proportional to it

s wavelength. The

increase in wavelength that Compton observed, meant that the X-ray

photons had lost both energy and momentum.

E. The resultis (photon is a particle and has momentum)

fi= 0"
Unscattered X rays Unscattered
o = X rays
Z
-
=
A
Graphite #=090°
target - : L Wavelength ——
e S e WO o VAT I e TS
A Scattered ] r——
X rays X-ray ! o
Scattered
= Exw spectrometer '.-? | X rays
|
5 |
t I
- |
F — Al A
1
X-ray source Wavelength — 7
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5- Define Compton effect.
It is the shift in the energy of scattered photons
6- Photons and conservation of energy and momentum

Compton found that the energy and momentum gained by the ejected
electrons equaled the energy and momentum lost by the photons. Thus,
photons obey the laws of conservation of energy and momentum when
they collide with other particles.

(P photon +P eIectron) initial = (P scattered photon +P eIectron) final

(E photon +E electron) initial = (E scattered photon +E electron) final

Applications

1- What is the momentum of violet light if its wavelength 4.0 x 102 nm?

2- What is the momentum of a violet light if its frequency 7.8x10'*Hz?

3- An X-ray strikes a bone, collides with an electron, and scatters. How
does the wavelength of the scattered X-ray compare to the
wavelength of the incident X-ray?




