
The Photoelectric Effect
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Further Predict ions
How can you te l l  the high-energy waves on the ocean?

Should the colour of the light affect the current?

What wi l l  happen i f  we leave lhe l ight  on longer?

What wi l l  happen i f  we increase the intensi ty?



First  exper iment-  |  vs.  V high intensi ty,  low intensi ty
I vs. V two different colours

What happensr

Classical  lyave predict ions vs

' lncrease intensi ty,  increase current .

'Current  vs vol tage step at  zero then f la l .

.Colour of  l ight  does not  matter ,  only intensi ty.

.Takes t ime to heat  up -  current  low and increases wi th
t ime .
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Summary of  what we know so far .
'1.  l f  l ight  can k ick out  e lectron,  then even smal lest

intensities of that light wili continue to kick out electrons.
KE of electrons does not depend on intensity.
(L ight  energy must be get t ing concentrated/ focused
somehow)

2. At lower frequencies, initial KE decreases & KE changes
linearly with frequency.
(This concentrated energy rs linearly related to
freq uency)

3.  There is  a minimum frequency below which l jght  won' t
kick out electrons.
(Need a certain amount of energy to free electron from
metal)

Which graph represents low and high intensi ty curves?
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the in i t io l  KE of  the
electrons os the frequency
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.  (Einstein) Need "photon" picture of l ight to
explain observations:

. -  Light comes in chunks ("part icle-l ike") of
energy ("photon")

. -  a photon interacts only with single electron

. - Photon energy depends on frequency of l ight,

.  for lower frequencres, photon energy not
enough to free an electron

KE = photon energy - work function

Initial KE of electron = Epnoron - energy needed to kick
as it comes oul of metal electron out of metal

Photoelectr ic  ef fect  exper iment:  Apply Conservat ion of  Energ,

Energy in = Energy out
Energyof  photon = energy needed to k ick + In i t ia l  KE of  e lectron

s electron out  of  metal  as exi ts  metal
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Loosely stuck electron,  takes least  energy to k ick oul

f*o"[iun.tion 1,t))= energy neededto kick
hiqhest  e lectron out  of  metal
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metal

Tight ly  stuck,  needs more
energy to escape

Electrons over large range of  energy have equal
chance of  absorbing photons.
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You in i t ia l ly  have blue l ight
shin ing on metal .  l f  you
change the frequency to
vio let  l ight  (at  same # of

r  photons per second).  what
happens to the number of
e lectrons coming out?

fewer electrons kicked out
b. same # of electrons
c. more electrons kicked out
d.  not  enough informat ion

Typical energies

Each photon  has :  Energy  =  P lanks  cons tan t .  F requency
(Energy in Joules) (Energy rn eV)

E=hf=(6  626-10 '34  J -s ) . ( f  s '1 )  f= [ f=  ( {  ] { .10 '1s  eV-s) ' ( f  s -1 )
E=hc l i .  =  (1  99 .10 '25J-m) / ( / ,  m)  E= hc l ) .  = ( '1240 ev-nm) / ( ) .  nm)

Red Photon:  050 nm Epnol .n = 1 240 eV-nm = 1.91 eV
650 nm

Work funct ions of  metals ( in eV):
Alui l rnum 4 08 Cesrum 2 1 Lead 4 14 potass'um 23
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Photomultiplier tubes- application of photoelectric effect
most sensi t ive way to detect  v is ib le l ight ,  see s ingle photons

(eye is incredibly good, can see a few photons)

grass vacuum encrosure

gives pulse of
current for each
photoelectron
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A photon at 300 nm -, -  
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".orn,of krnet ic  energv,  KEr00.  l f  the wavelength is  halved to 150

nm and the photon hi ls  an electron in the metal  wi th same
energy as the previous electron,  the energy of  the electron
coming out  is

a less than Y, KE3oo.
b '/z KEsss
c.  = KE,oo
d. 2 x KEroo
e. more than 2 x KE,oo
(remenber hillikicker analogy, draw pictures to reason out

answer, don't lUst pick answer withoul careful reasoning)e
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Shine in l ight  of  300 nm. The most energet ic  e lectrons come out
wi th k inet ic  energy,  KE.oo.  A vol tage di f f  of  1.8 V is  required to
stop these electrons.  What is  the work funct ion O for  th is
plate? (e.9.  the minimum amount of  energy needed to k ick
electron out  of  metal?)

a .  1 . 2  e V
b. 2.9 eV
c.  6.4 eV
d .  1 1 . 3  e V
e. none of  lhe above
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Understanding Concepts

Answers

11 .  5 .8  X  lO ra  Hz

12 5.02 x 1014 Hz

13.  0.28 eV

14.  2.35 eV

15 6.3 x 105 m/s

7' create a graph of energy versus frequency for a photoelectr ic surface. Label the
work function and the threshold frequency.

8. Explain why i t  is the frequency, not the intensity, of the l ight source that deter-
nrines whether photoernission wil l  occur.

9 .  Why do  a l l  the  l ines  on  the  graph in  F igure  l l  have the  sarne  s lope?
I0. why doesn't  classical wave theory explain the fact that there is no t ime delav in

photoern  iss ion  ?

1I. calculate the minimrrrn frequency of the photon required to eject electrons from
a metal whose work fLlnct ion is 2.4 eV

12. Find the threshold frequency fora calcium surface whose work function is
3.33 eV

13. Barium has a work function of 2.48 ev. what is the maximum kinetic energy of
the ejected electrons i f  the metal is i l luminated at 450 nm?

14. when a certain metal is i l luminated at 3.50 x . |02 
nm, the maximum kinetic

energy of the ejected electrons is 
' l .20 

ev calculate the work function of the
meta l .

15 .  L igh t  o f  f requency  8 .0  x  i014 Hz i l lumina tes  a  sur face  whose work  func t ion  rs
1.2 eV. l f  the retarding potential is 1.0 V, what is the maximunr speed with which

.an electron reaches the plate?
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