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Lavoisier (1743-1794):

Joseph-Louis Lagrange, remarked of this event,
"It took them only an instant to cut off that head,
and a hundred years may not produce another
like it."



James Prescott Joule (1818 — 1889) :
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Cockroft Walton
1897-1967 1903-1995

Nobel Prize, 1951:

"for their pioneer work on the transmutation of atomic
nucleili by artificially accelerated atomic particles"




Emilio Gino Segreé Owen Chamberlain

(1905-1989) (1920-)

Nobel Prize of 1959:

for their discovery of the antiproton
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Bevatron

Chamberlain, Segré,



Light Waves
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Representation of a Photon

Figure 2




-6

10 nm-—+
107 nm+
10" nm+
107 nm T
107 nm-
10" nm-—

Il nm —

10 nm T

100 nm T

10 nm=Ipum-T
10 pm

100 wm

1000 m=1mm-

10 mm =1 em ~

10 em

100 em = 1 m~
10 m

100 m
1000 m = 1 km
10 km

100 km T

'01ANNLFZ RN DNLVFZO0N

Gamma
Rays

X rays

Ultraviolet
" Radiation
——
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Shortest wavelengths
(Most energetic photons)

E=hv=hc/A I

h = 6.6x10-34 [J*sec]
(Planck’s constant)

Longest wavelengths
(Least energetic photons)
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Ammeter



Hertz J.J. Thomson

PHOTOELECTRIC EFFECT

When UV light is shone on a metal plate in a vacuum, it emits
charged particles (Hertz 1887), which were later shown to be
electrons by J.J. Thomson (1899).

Light, frequency v

Vacuum
chamber ™=
Metal
plate | -
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J— C} (F=eE) n'u791n naNoupxn v
< I
Ammeter NN'TN 707 0" VPOXRN .2
N
Potentiostat NX OIX'Y? *TO AT WINT NdINd nnxya .3
VPONN




MR IRIVIDT VPONTT

nO0YRT U

PNT DRRY 7Y DY TANINRT NYTAR

electrons
emitted ?

No
No

No

No

BT TN MR

AVAVAV
‘

electrons
emitted ?
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Vary wavelength, fixed amplitude
electrons
emitted ?

E,=hv
Increase ! .
Energy
Increase
E
hlgh KE

E;>E, > E,




PHOTOELECTRIC

Actual results:

Maximum KE of ejected electrons is
independent of intensity, but
dependent on v

For v<v, (i.e. for frequencies
below a cut-off frequency) no
electrons are emitted

There is no time lag. However,
rate of ejection of electrons
depends on light intensity.

~FECT (cont)

Einstein’s
interpretation (1905):

Light comes in packets
of energy (photons)

E=hv

An electron absorbs a
single photon to leave
the material

The maximum KE of an emitted electron is then

K _=h—-W

/

AN

Planck constant:
universal constant of
nature

Work function: minimum
energy needed for electron to
escape from metal (depends on
material, but usually 2-5eV)

h=6.63x10"*Js

Einstein

Verified in detail
through subsequent

experiments by
Millikan
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Nobel Prize, 1923,

for his work on the elementary charge of

electricity and on the photoelectric effect.




Compton (1892-1962)

Nobel prize, 1927,

for his discovery of the effect
named after him (performed 1in 1922)
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Compton

COMPTON SCATTERING

Compton (1923) measured intensity of scattered X-rays from
solid target, as function of wavelength for different angles.
He won the 1927 Nobel prize.

X-ray source

Collimator Crystal
(selects angle)  (gelects
wavelength)
O =
Target .

i

Detector
Result: peak in scattered radiation
shifts to longer wavelength than source.
Amount depends on & (but not on the

target material). A.H. Compton, Phys. Rev. 22 409 (1923)
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compiton
mc

(€)= 0.024 A

compton




