Lecture 9

quantum physics.

1. appearance quantum theories. Photoettiect.
2. The Einshtein’s equation for photoefiect.
3.Using photo eflect.

4. The mass end impulse of photon

5. light pressure.



The Photoelectric Effect

 In 1887 Hertz noticed, in the course of his investigations,
that a negatively charged electroscope could be discharged
by shining ultraviolet light on it.

 In 1899, Thomson showed that the emitted charges were
electrons.

* The emission of electrons from a substance due to light
striking 1ts surface came to be called the photoelectric
effect.

* The emitted electrons are often called photoelectrons to
indicate their origin, but they are identical in every respect
to all other electrons.



Ultraviolet light causes the metal
cathode to emit electrons. This is
the photoelectric effect.

Stoletev’s experiment

The photoelectrons
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A more intense light
causes a larger current.
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The stopping potential is the same
for intense light and weak light.




Characteristics of the
Photoelectric Effect

. The current / 1s directly proportional to the light intensity.

. Photoelectrons are emitted (msiraner) only if the light
frequency v exceeds a threshold frequency v,,;,
(ICUINIKMIY WEeKMIK MOHIHEH Jicoeapbl 06osica).

. The value of the threshold frequency f, depends on the
type of metal from which the cathode i1s made.

. If the potential difference AV is positive, the current does
not change as AV 1s increased. If AV 1s made negative, the
current decreases until, at AV = AV___ the current reaches

stop
zero. The value of V) 1s called the stopping potential.
. The value of V'

stop 18 the same for both weak light and
intense light. A more intense light causes a larger current,

but in both cases the current ceases when AV = AV ..



Einstein’s Postulates

Einstein framed postulate about light quanta and their
interaction with matter:

Light of frequency v consists of discrete quanta, each of
energy £ = hv, where h 1s Planck’s constant 2 = 6.63 x
10-* J s. Each photon travels at the speed of light ¢ =
3.00 x 10° my/s.



Einstein’s Explanation of the Photoelectric Effect

An electron that has just absorbed a quantum of light energy has £ = hv. This
electron can escape from the metal, becoming a photoelectron, if

Law conservation

of energy: hv = A + Ej,
2
v

hv=A4+2
V= 2

eU = Ek
A= thin

If: hv > A, Photo effect can be realize
hv < A, Photo effect can not be realize

A — work function
Vonin - threshold frequency



4. DOTOHHBIH MACCACHI MEH HMITYJILCHI

Kapeuik aeredimiz Goronaap arsidel 00naasl. JKapelk KBaHTBIHBIH ((POTOHHBIH)
IHEPruscsl (£) xapsik Tepdeict KUUIIHE NPONOPLHOHOIL:

E =hv (3)

myHjarsl h-ID1aHK TypaKrsicsl.
CanslCTRIpMA/BUILIK TCOPHSICHIHA COHKEC HEprus OapiblK yakbITTa MacCaMeH
MbIHA KaTbIC apKblibl DaiilansbicTa:
E=mc? (4)

DOTOHHBIH YHEPIHACH DONFAHABIKTAH, OHBIH MACCACHI MBIHA TYP/C AHLIKTANA/bI:

m, =22 (5)
z

@DOTOHHBIH TBIHBIUTEIK KyHAer: Maccacel my, Oonmailjibl, SFHH OJI THIHBILITHIKTA
oMip cypMmeiigl.  DOTOHHBIH  KBULAAMABIFBL  KAPBLIKTBIH  BaKyyM/Ja Tapany
KbUIAAMABIFBIHA TeH: = 2,998-10" emvc.

DOTOHHBIH ICKTP 3aps/Ibl JKIHC MATHHTTIK MOMCHTI DOJIMaii bl

DOTOHHBIH MACCACHl MCH JKbINAAM/bIF bl DOMBIHINA OHBIH HMIYJILCIH TadyFa Dos1aab:

hv -
Py =m, c= = (6)
-



5. KapuIk KbicbiMbl. Jlebeaes Taxipudenepi

MakCBC/ULIIH CKTPOMATHHTTIK TCOPHICHIHAH KAPBLIK TONKBIHAAPLI KaH/ai
Aa O1p OCTKE KYTHUILIIT HEMECE OJAH WIAFBUIFAH KC3/AC OFaH KBICBIM TYCIPCTIHAII
wbiFaAbl. byt reopus OepeTiH 01 KbICBIMHBIH MaH1 MBIHAFAH TCH

E
p=—(l4p)=a(l+p) (7)
c

MyHaarsl P — TOJKBIHHBIH ©31 TYCKCH OCTTCH wwarblly ko3pduuuenn, £, —
DIpUIIK ayaanEa, DIPIIIK YaKbITTa TYCKCH JKAPBIK TONKBIHBIHBIH YHEPIUsichl, m=E /¢ —
TOJAKBIH YHCPIrUACHIHBIN OpTata Teirbi3Asirel. Harsuy koadduumenTiniy MaH1 o31He
TYCKCH JKAPBIKThl TOJBIFBIMCH WIAFBUIBLABIPATHIH aiiHa Ocen ywin 1 —re, an oHbl
TOJABIFBIMEH XKyTaThiH abcomor kapa Oer yud 0 —re Tex.
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Energy of photons and particles can be given by the same formula

For light: E=pc Quantization: E=hf p=h/l

For particles: E=g,mc’= mc?1+ (p/mc)? = cy(me)? + (p)?

deBroglie assumed that  pdshequally fundamental

This gives E= hf= pc for photons

p2 h2

For nonrelativistic particles F =

nWZ
2



