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QUANTUM THEORY AND THE ATOM

Einstein's Theory Test
il

How can the kinetic energy of emitted electrons be measured?
“EE— L

This can be done using the electric circuit shown, which consists of a photoelectric cell connected to a
galvanometer, a variable voltage source, and a voltmeter to control the applied potential difference.
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The photoelectric cell is connected to the battery so that the anode is connected to the
negative terminal and the cathode to the positive terminal.

The cathode is exposed to suitable electromagnetic radiation (light or UV).

A deflection appears on the galvanometer, indicating that an electric current is flowing.
The reverse (stopping) voltage is gradually increased in the circuit

As the stopping voltage increases, the current decreases because fewer electrons reach the
anode.

. The reverse voltage is increased further until the current becomes zero.

The stopping voltage at which the current becomes zero is called the stopping potential
V_0.

At the stopping potential, the maximum kinetic energy of the electrons equals the work
done by the electric field in stopping them, meaning:
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KE': maximum kinetic energy of the emitted electron (J)
q: charge of the electron = —1.6 X 10*(=19)"" C

V_0: stopping potential (V)
v: speed of the electron (m/s)
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QUANTUM THEORY AND THE ATOM

Important Notes:

1. The speed of the electrons after being emitted is different because they collide with atoms before exiting.
Therefore, the speed of electrons near the surface is greater than the speed of electrons in the deeper layers.
2. When the stopping potential is applied, the fastest electrons cannot reach the anode.
Therefore, the electric current becomes zero.
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How can the energy of a photon be measured practically?

A: By measuring the kinetic energy of the emitted electrons from the surface of a metal when exposed to two
different wavelengths,
or by measuring the kinetic energy of the emitted electrons from a known metal at a specific wavelength.
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Kppﬂcaﬂon of the Photoelectric Effect: Digital Cameras [~
Digital cameras rely on a variation of the photoelectric effect called the photovoltaic effect. They use a grid of millions of tiny sensors
(photoelectric detectors) packed into a very small area to convert light into electrical data.

Summary of the Process (Step-by-Step)
1. The Filter Grid:
Before reaching the sensor, light passes through a grid of color filters. Each filter allows only specific wavelengths (colors) to pass.

1. Note: There are more green filters in the grid because human eyes are naturally more sensitive to green light.
2. Photon-to-Electron Conversion:

L~ When particles of light (photons) strike the detector, they release electrons. These photoelectrons are stored as an electrical
charge. The amount of charge represents the brightness of the light at that specific point.

3. Digital Reconstructlorl
The camera's internal circuitry collects data from all detectors. By analyzing the charge from adjacent detectors, the computer
determines the precise color and intensity for every pixel in the final image.
——
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QUANTUM THEORY AND THE ATOM

Applications of the Photoelectric Effect

Examples:
Application Explanation
Solar cells Use the photoelectric effect to convert sunlight into electrical energy.
y
Automatic Use infrared beams; when the beam is interrupted, the current changes and the
doors .~ door opens.
Car headlights \A:lI:en tl:e light beam is blocked (e.g., by smoke), the current decreases, triggering
automatic responses.
& P
Lighting The photoelectric effect is used to automatically switch street lights on and off

control depending on light intensity (day/night).

Photoelectron Kinetic Energy e Angae
\Jo

A certain photocell has a stopping potential difference of 4,0 V. S S

How much kinetic energy does the incident light give the emitted electrons? ‘L/Z/"f’m

Give your answer in both joules (J) and electron volts (eV).
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QUANTUM THEORY AND THE ATOM

. An electron has an energy of 2.3 eV. What is the . The stopping potential for a photoelectric cell is
kinetic energy of the electron in joules? Vo 51V. How much kinetic energy does the incident
6. What is the velocity of the electron in the fght give the electrons in joles?
previous problem? 10. The maximum kinetic energy of emitted
7. What is the kinetic energy in eV of an electron photoelectrons in a photoelectric cell is
with a velocity of 6.2x10° mis? ke 75x107° J. What is the stopping potential?
8. The stopping potential for a photoelectric cell is 11. CHALLENGE The stopping potential required
Jg 5.7 V. Calculate the maximum kinetic energy of to prevent current through a photocell is 3.2.V. Ve
{fiie emitted photoelectrons in eV. Calculate the maximum kinetic energy in joules

- -1 of the photoelectrons as they are emitted.
©) ke =23V X 1.6 15\ :}-1s¥l°@
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WORK FUNCTION AND ENERGY A particular photocell uses a sodium cathode. Sodium has a
threshold wavelength of 526 nm. ) -

a. Find the work function of sodiumin gvV. W = l;i;‘&— =2-35¢eV

b. If ultraviolet radiation with a wavelength of 343nm falls on sodium, will the cathode discharge

—

electrons? If so, what is the maximum energy of the ejected electrons in eV/?

1 ANALYZE AND SKETCH THE PROBLEM Cathode Anode

Draw the cathode and anode, the incident radiation, and the
direction of the ejected electron.

Known Unknown .

—
A, =526 nm A =348 nm W=2? KE=? Incident]
A/ light
hec =1240 eV:-nm

+ -
E- l‘% = 356ev

k‘_e: E-w = 3.56=2-35 =)-2[ev)
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12. The threshold wavelength of zinc is 310 nm. Find
the threshold frequency, in Hz, and the work
function, in eV, of zinc. .

13. The work function for cesium is 1.95 eV. What
is the maximum kinetic energy, in eY, of
photoelectrons ejected when 425-nm violet light

falls on the cesium?
’% E:.E-; X0t = iHZS
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A photon of light has a wavelength of 620 nm.

QUANTUM THEORY AND THE ATOM

W-’—' —_——

14. When a metal is illuminated with 193-nm
ultraviolet radié(tion, electrons with kinetic
energies of 3.5 eV are emitted. What is the work
function of the metal?

15. CHALLENGE A researcher illuminates a sample
of metal and finds the longest wavelength to
eject electrons is 273 nm. Find the work function.
Use Table 1 to identify the most likely metal.

1240

eV
Jles

ke = € —w=2.9- 195 =|av
-

w-= v

ke ze-ws 3549~ w LV
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i R~

Using the equation below, calculate the energy of the photon in electron volts (eV).
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QUANTUM THEORY AND THE ATOM

Compton Effect

Einstein explained that light behaves like particles (photons).
Each photon has energy and also has momentum (like a moving object).

The momentum of a photon is given by:

(ligigd) cilowwa dils iy cgall ol aulidail s
Laindl puadl Jio (a55a &0b) pAj Lyl dlg adlb Elling ggigd J5
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hf
c

This means that even though photons have no mass, they still behave like objects that carry momentum.
(a4)a &4054) 18aj Joad pluals wapnii Lail ] @lis Lol gad aligigall ol oy dil sy lio
What Compton Did

Compton studied how X-rays collide with electrons in a material.
He found that:

e When a photon hits an electron, it loses some of its energy.

o Its wavelength becomes longer after the collision.
e The electron gains kinetic energy and moves away.

10l 3299 Lo 83lo 6 Cligis)yl go dyipull d= il pslai a481% ggitogs yujs
. didilb oo 122 sédy dild (gpidll ggigs palany losic
- Ealodl a2y agoll dlgb slajy o
N3=igo Glbiyg b n ddlb ggpidlYl cuwidy o
This change in wavelength is called the Compton Effect

Compton Effect (Definition)

A phenomenon where a photon scatters off an electron, causing the photon’s energy to decrease and its wavelength
to increase.

."?;g.oJI dlgh 8:bjg ggigall adlh glngi | cnagy bowo (g il dolabhnl sic ggigall Lo culiidy 8yl

o,

Mr. Vohamed atef @ 050313683



QUANTUM THEORY AND THE ATOM

Compton Experiment (Simplified Explanation)

Compton shined X-rays on a target and measured the wavelength before and after the collision.
He found that the scattered X-ray always had a longer wavelength than the original one.
This was clear proof that photons behave like particles that collide and exchange momentum.

oslnill syg Jud Gagall Jehll gulig s e i azil gging4 bl
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Compton Effect Apparatus Unscattered X-rays

Unscattered X-rays

& = O°
=
w
=
]
=
A
N~ Wavelength >
e i —
target . Scattered Scattered X-rays
X-rays X-ray i
spectrometer > - 6 = S0
= |
I
s |
= I
= S 2
T — A A%y
1
X-ray source Wavelength —»

What Compton Observed in His Experiment

1. Some of the scattered X-rays did not change their wavelength.
2. Some of the scattered X-rays had a longer wavelength than the original X-rays.
This increase in wavelength occurred because of collisions between photons and electrons.

.@WIM@M@JMIMIMUIM
-Vl asdll g0 yal Gago Jeb Lad ¢l4 atidiel| dguall =¥l sy
Oligralyl go wligigall palnd dauii L“,;g.nJl JabJl 0 dab ! ode i
Conclusion
The energy and momentum gained by the released electrons come from the incoming photons.

This means photons lose part of their energy and momentum during the collision.
In other words, photons behave like particles that collide and exchange momentum and energy.
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QUANTUM THEORY AND THE ATOM

In a Compton experiment, a photon with wavelength 1 nm strikes an electron and the scattered
photon comes out with wavelength 4 nm.
Calculate:

1. Momentum of the incident photon and the scattered photon.

2. Momentum of the electron after the collision.
3. Speed of the electron after the collision.

The Compton Effect

Initial Momentum Final Momentum
-~
Peiectron Pohoton P ki =
- - ~
Pinitian = “+ = _- = = ‘
Phnal

Figure 11 The laws of conservation of energy and momentum apply to collisions
between billiard balls and between photons and particles.

The adjacent graph shows the relationship between the frequency of the incident light on two
different metals (A and B), and the maximum kinetic energy of the emitted electrons. Based on
the graph, answer the following:

* Explain why the two lines for the two metals are parallel.

KE,, (X107 J)

52
3y

l.‘l “

191

(f=<10"*m)
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QUANTUM THEORY AND THE ATOM

 Calculate the maximum Kinetic energy of the emitted electrons when light of frequency

4.7 x 10** Hz
is shined on metal (B).
(Take h = 6.63 x 1073* \HZ)

The line (A) in the adjacent graph correctly represents the relationship between the maximum
kinetic energy of the electrons emitted from the surface of a metal and the frequency of the
incident light on it, while line (B) does not correctly represent that relationship.

**Calculate the maximum Kinetic energy of the electrons emitted from the surface of the metal

when light of frequency
10.01

2.0 X 105 Hz - | ' A,
is incident on it.** oy | |

s o
o o
S

KE, (x10-%])

Why does line (B) not represent the correct relationship between the maximum Kinetic energy
and the frequency of the incident light?

A light of energy 2.3 eV is shined on four different metals whose work functions are shown in the
table.
Which of these metals emit electrons from their surface when the light falls on them?

Metal a b |c aonly ||
Work Function (eV) 1.9 2.3{2.7/4.2 dandc ﬂ
d,c,g,b| |

banda |

o2
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QUANTUM THEORY AND THE ATOM

On what does the number of emitted electrons in the photoelectric effect depend?

| Light frequency only

| Light intensity only

| The work function of the metal only

| The difference between the light frequency and the work function of the metal

What happens when we increase the intensity of a light beam that does not
liberate electrons from the surface of a metal?

.| The energy of the photons increases and electrons are emitted

.| The number of incident photons increases but electrons are not emitted
" | The number of emitted electrons increases

| The number of emitted electrons per second increase

A monochromatic light of a single color is shined on a metal surface and releases electrons with
zero kinetic energy.
What do you expect to happen if the intensity of this light is increased?

| The number of emitted electrons increases and each has greater kinetic energy

| The number of emitted electrons increases but each has the same kinetic energy (= 0)
| The number of emitted electrons decreases and each has greater kinetic energy

| The number of emitted electrons remains the same and each has zero kinetic energy

Write the property demonstrated by each phenomenon or experiment:

1. Light diffraction:
— The wave nature of light.
2. Electron diffraction:
— The wave nature of matter.
3. Compton effect:
— The particle nature of light (or radiation).
4. Photoelectric effect:
— The particle nature of light (or radiation).

o,
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QUANTUM THEORY AND THE ATOM

16. Photovoltaic Materials Why is high-intensity,
low-frequency light unable to eject electrons
from a metal, whereas low-intensity, high-
frequency light can?

17. Frequency and Energy of Hot-Object
Radiation As the temperature of an object is
increased, how does the frequency of peak
intensity change? How does the total amount of
radiated energy from the object change?

18. Photoelectric and Compton Effects Distinguish
the photoelectric effect from the Compton effect.

19. Solar Cells What are solar cells? Describe how
they function.

20. Photoelectric Effect Green light (A = 532 nm)
strikes an unknown metal, causing electrons to be
ejected. The ejected electrons can be stopped by
a potential of 1.44 V. What is the work function, in
eV, of the metal?

Mr. Vohamed atef @
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Energy of a Photon What is the energy, in eV, of
the photons of a 650-nm laser pointer?

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

Photoelectric Effect An X-ray is absorbed in a
bone and releases an electron. The X-ray has a
wavelength of about 0.02 nm. Find the electrons’
energy, in eV. Assume the work function of bone
is negligible compared to the X-ray's energy.

Critical Thinking Imagine that the collision of two
billiard balls models the interaction of a photon
and an electron during the Compton effect.
Suppose the electron is replaced by a much more
massive proton. Would this proton gain as much
energy from the collision as the electron does?
Would the photon lose as much energy as it does
when it collides with the electron?

&2
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QUANTUM THEORY AND THE ATOM

2-Matter Waves (De Broglie Waves)

o Electromagnetic waves have particle-like properties.
o De Broglie proposed that matter can also be described using wave properties.
o The De Broglie wavelength is equal to Planck’s constant divided by the momentum of the object:

. Clasal) Gailad 4udl (ailad duuahlite § <) cila gall dllicie
Ao ga pailad aladial Wb g Ll ¢Say Balal) o (A o2 ¢ sBle

1Bl (A5 0 sl 2 gal) Jshall anie
) (pd ) AS o Apas o Lo g D il g s (B

o As the speed of an object increases, its wavelength becomes shorter.
o Objects in our daily life do not show wave behavior because their wavelengths are
extremely small and cannot be observed.

. b o gall A gh mual camal) A i) Lals

Lgiliadle (e ¥ g 132 B s A gal) gl shal (Y Ui g W pla g5 Y Asa gl Liilia (3 aluaY)

o Example

« A baseball with a mass of 0.145 kg is hit at a speed of 38 m/s.

Use the De Broglie wavelength equation to calculate the wavelength of the
baseball.

A = h 6.63x 1034 Jes

— =1.2x10~*
mv — (0.145 kg)(38 m/s) - @

The wavelength of everyday objects is extremely small, so it cannot be observed.
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QUANTUM THEORY AND THE ATOM

DE BROGLIE WAVELENGTH An electron is accelerated by a potential difference of 75 V. What is its
de Broglie wavelength? —

1 ANALYZE AND SKETCH THE PROBLEM
Include the positive and the negative plates in your drawing.

Known Unknown )
AV =75V m, = 91110~ kg A=7?
e=-1602x10"1C h =6.63x10734 J.5 M’
+ 15V .
1 2
KE = E muv

2KEpmqy [2x75 x1.6 x1071°
m 9.11 x 1031

=5.13 x 10°m/s

h 6.63 x 1034

= = : =1.4x10"1%m =0.14
mv . (9.11 x 10-31)(5.13 x 10°) . = sy

A 7.0-kg bowling ball rolls with a speed of 8.5 m/s.

a. What is the De Broglie wavelength of the bowling ball?
b. Why does the bowling ball not show noticeable wave behavior?

PUPE e..e'.3><10—34_1 i 4 xe iy
“mv_  (7.0)(8.5) s

What accelerating potential difference is needed for an electron so that its
wavelength becomes 0.125 nm?

h
A=—
mv
R 6.63 x 10~3 63 105 )
VAT (91x 1031)(0.125 x 10-9) ;
KE = —mv?

2
1
KE = (9.1x 107"

Mr. Nohamed atef @ 0503136836
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QUANTUM THEORY AND THE ATOM

Since the kinetic energy of the electron equals the electric potential energy:

AV =96.6 V

De Broglie’s theory provides a way to calculate the wavelength of all moving particles.
Explain why wave behavior is not noticeable for the objects we use in daily life.

Because the De Broglie wavelength is extremely small, making it impossible to detect.

An alpha particle (a helium nucleus) has a mass of 6.6 x 107?”kg and moves with a
speed of 120 m/s.
What is the De Broglie wavelength associated with this alpha particle?

e 6.63 x 10734

- =84x10"1%m =0.84
mv (6.6 x 10-27)(120) L ot

Position and Momentum

Heisenberg’s Uncertainty Principle

It is impossible to measure both the position of an object and its momentum accurately at the same time because
light has a dual wave-particle nature.

When we use high-energy photons to measure the position of a particle, the energy of the photon causes a large

change in the particle’s momentum.
Therefore, increasing accuracy in measuring position makes the uncertainty in momentum larger.

41290) dagajo deub cgal) gV «bgll yudi 6 dday (diSyn dns) doijg o 2Ago bl Juaiuwall o
) (dopung

sl pA] L (105 1% ¢iaad ggigall aslb glé oua gago gwlidl adle aslh cils ciligigs pladiul sic
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QUANTUM THEORY AND THE ATOM

What happens when a high-energy photon collides with an electron?
A collision between a high-energy photon and a particle causes a big change in the particle’s momentum.

Measuring the electron’s position requires a collision between the electron and the photon, which changes the
momentum of both of them.

After the collision, the photon’s wavelength becomes longer because it has lost energy.
Pl pA] 0 S i Gl pun zo ddlbll Glle (gigs palnd cnsgy
lomio J5 paj ui Gl ¢nady Low (gigallg garidlyl gy palnd digaa g syl gago gulid bl
didlb (o Zja 286 ail) Jabl ggigall Gagall Jahll auny palaill o

Compare the photon’s wavelength before and after the collision

After the collision, the photon’s wavelength increases.
This increase in wavelength means the photon has lost part of its energy.
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QUANTUM THEORY AND THE ATOM

1. Photons are emitted from a helium-neon laser with a wavelength of 632.8 nm.
What is the energy of each photon emitted by the laser (in joules)?

A.3.135x 10719 ] 1240 1240
B.8.231x 10717 ] E. v = — = 1.960 eV
C. 2.546 x 108 J = R 632.8 o

34
D 1639107 E=1.960eVx1.6 x10"19 =3.135 x10"19J

2. Light with an energy of 5.17 eV is incident on a photoelectric cell, as shown below. If
the work function of the cell is 2.31 eV, what is the energy of the emitted
photoelectrons?

A.0.00 eV R —
B.2.23eV KE ox = 5.17 —2.31 = 2.86 eV
C.2.86¢eV 1
D.7.48 eV KEpmax = 5 m w®
2KE . .x 2%2.86x1.6 x 10-12 E
v= T m - 9.11 x 1031 = 1.00>x10"m/s

3.If a photon has a frequency of 1.14 x 101> Hz, what is the photon’s energy?

asszxioey  E=hf =(6.63x10734)(1.14x10%) =7.55x 1072 |

B.7.55x1071%]J
C.8.77x1071%]
D.1.09 x 10712 ]

4. What physical quantity related to photons is represented by the symbol Zin the equation:

L] Photon energy h
] Photon wavelength L ==
L] Photon mass A
L] Photon momentum

5. What physical quantity related to photons is represented by the symbol Zin the equation:

e [ Photon energy

e [ Photon wavelength 7 = @
e [ Photon mass Aam
e [ Photon momentum
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QUANTUM THEORY AND THE ATOM

6. When a photon collides with a stationary electron, the photon scatters and the electron
moves. Which phenomenon does the figure represent?

L1 Photoelectric effect
L] Compton effect C1e598 CisASN
L1 De Broglie waves /‘\ /\\ ’

{
O Planck’s quantum theory - \-/ U"- @
7. When a photon collides with a stationary electron, the photon scatters and the electron
moves. Which of the following statements is correct?

L] The photon’s wavelength decreases
[1 The photon’s wavelength increases
L1 The photon’s energy increases /
LI The photon’s frequency increases

8. If the temperature of a body is doubled, by what factor does the emitted energy change?

02
04
08
016

The graph shows the relationship between the maximum Kinetic energy of emitted
electrons and the frequency of the incident radiation for three metals.

£} What does the slope of the graph for metal Y represent?

£3 When light with wavelength: 4.5x10-"m

falls on the three metals, which metals emit electrons?

( )™ 3N

E) Calculate the stopping potential of the electrons
emitted from metal Z when light of frequency:

0.0 2.0 4.0 6.0 8.0 100 12.0 14.0

f(x 10'*Hz)

Mr. Vohamed atef \2\ 0503136836 ’F:P

1.0x10"Hz falls on it




QUANTUM THEORY AND THE ATOM

A photon is emitted from an excited hydrogen atom when an electron moves from an energy
level of -0.85 eV to -3.4 eV.
Calculate the wavelength of the emitted photon.

Write the name of the property demonstrated by the phenomenon or experiment:

Light quanta (photons): the wave nature of light.

Electron diffraction: the wave nature of matter.

Compton effect: the particle nature of light or radiation.
Photoelectric effect: the particle nature of light or radiation.

What physical quantity related to photons is represented by the symbol Zin the

equation Z = %?

o Photon wavelength
e Photon energy

o Photon mass

e Photon momentum

Which of the following is correct when the temperature of a glowing lamp filament increases?

o The frequency of radiation at maximum energy increases.

o The frequency of radiation at maximum energy decreases.

o The wavelength of radiation at maximum energy increases.

o The wavelength of radiation at maximum energy does not change.

Two particles have equal mass.
The first moves with speed v, and the second moves with speed 2v.

Which relation is correct for their de Broglie wavelengths?

e M =Y2 1,
e M=%,
o A=A

o A =2A;

a

— - —\
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QUANTUM THEORY AND THE ATOM

The figure shows an X-ray photon moving toward a stationary electron.
When the photon collides with the electron:

Which row is correct after the collision?

Photon Electron
Its frequency decreases Its momentum increases
Its frequency increases Its momentum increases
Its wavelength increases Its momentum does not change

Its wavelength decreases Its momentum does not change

What happens to the ammeter reading in the photoelectric cell circuit when the intensity of light
falling on the cathode increases?

« Itincreases then decreases. A =
= g -
« Itincreases then becomes constant. R’.\—‘\* > 5
« It changes alternately. o o 7 \ G g

L_J0.0mA L ——Jijb——m—

N
« It remains zero. o ﬂk N
il ¥

PRACTICE Problems W ADDITIONAL PRACTICE

Use E = 1240 eV-nm/A to solve the following 4. CHALLENGE The diagram in Figure 6 shows

problems. the visible light spectrum. What is the range of

1. What is a photon’s energy if the photon’s energies associated with photons in the visible
wavelength is 515 nm? light spectrum?

2. A photon's energy is 2.03 eV. What is the photon’s
wavelength?

3. Rank the following photons from least to greatest

energy. 400 nm 500nm 600 nm 700 nm
a. 40eV

b. 320 nm Figure 6

c. 811 nm

d. 21eV
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QUANTUM THEORY AND THE ATOM
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Pior:neers of the Atom:
The Evolution of Quantum Theory

The Classical Foundation The Dual Nature of The Limits of
vs. The Quantum Break Light and Matter Measurement

7
A=
N 2
Maxwell's Wave The Compton Effect De Broglie's Helsenblerg s inciol
Theory (Classical) (Photons as Particles) Matter Waves g:"fse‘:‘:l;‘:z’“?;:‘ts gﬁ:un
Defined light as Arthur Compton proved Louis de Brogiie flipped the 9
electromagnetic waves, photons have momentum script, proposing that if light :m:;‘:rﬂ":ca'::uprgfg'::"':g
succesafully esplaining (p = k/A) by showing th can be a particle, then plbsdey tin‘;le
interference, diffraction, and lose ener and increase in gamcles (er electrons) can 2
polarization, but failing to when 9 with a
e#)la!n the photoelectric with eleclrons wovalonqth of A = hi/mu \ v
o
> V'V a \L\
= Planck’'s Quantization 2
@ === (The Turning Point) The “Observer” Effect
Discovered that atoms do not Real-Worid Duality Uslng a high—enetgy photon to
' E = nhf 'ﬁl;?:agde eneray f:t:::.u“l::nzselty’ While a baseball has a De Broglie wavelength, it m"mb.y D
o in discrete packets (quanta). te ‘”p:r:fcu:_ “)::f:,:,v:\'.." ﬁ:’::zz'i: %’,Rﬂ:,ﬁl‘omw creating inherent uncertainty. g
@

Key Discovery Impact on Physics

Maxwell Eleec:’:t;magnelic wave Established the classical wave nature of light
Planck Energy Quantization Birth of Quantun Thergy; energy is discrete,

continulonous
Defined the “Photon” and explained particle behavior

Einstein Photoelectric Effect of colllatons
The Photoelectric Effect Proved :
photons behave like wave-wlined in
Elmhsc:eln propr?sed that Ilg‘;ﬂ exlzls as Compton Photon Momentum collisions
photons,” where energy depends on

Vrequoncy (E = h/), prov g that De Broglie Particle-Wave Duality Proved iﬂmt mather has wave-like and the

ir i alonef s electrons properties

m
rom meta Heisenberg Uncertainty Principle gg:lv:ed the limits of measurement at an atomic
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