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Reading Photoelectric Graphs

Every photoelectric graph is a straight line of the form y = mx + b. Match the equation of
the graph with y = mx + b to find what the slope, the x-intercept and the y-intercept

represent.
KE ,qx (J) against f KE = hf — hf, h
AV (or KE in eV) e h f w
against f —gf—gfo e A e
e hc hc 1
KE, .. (J) against 7 KE = N Z hc % W
AV (or KE in eV) hc  hc hc 1 w
/)1 Vs o= - Y -
against - el el e Ao e
Remember

The slope is the same for every metal, because it depends only on the constants h, ¢ and e.

A metal with a larger work function gives a parallel line shifted to the right (larger f,,
smaller 4;).

Useh=6.63x10734]-s5,c=3.0x108m/s,e = 1.6 x 1071° C.

Slope of aLine ThelinesinFigureare parallel. That means they all have the Maximum Kinetic Energy v. Frequency
same slope. Below are the calculations for cesium and magnesium. Sodiim
. <3
0 | [Cesium (1.50% 1015 Hz,
Math Physics < = T s e
; : (<l 1.00x10'8 Hz, T /1 / |
Cesium Magnesium § .19 eV)
e 4 .
(X1, Y1), (6.00x 10 Hz, 0.534 eV), (100< 105 Hz,0480eV), o " ; /. |Magnesium|
(X2, ¥2) (1.00< 10%° Hz, 2.19 eV) (1.50< 10™> Hz, 2.55 eV) é g“‘té\ / / ) £ |S :
©
Yo- Vi| me __ 219eV- 0534eV = 255eV- 0480eV s st S S S \Siver]
= 7 < N o
X f X4 1.00x 10% Hz- 6.00x 104 Hz 1.50x 10% Hz- 1.00x 105 Hz E © S /
= X /
m= 4.14x 10" 15 eV/Hz m= 41410 BevHz 8 | /T A/
4 5 6 7 8 9 10 11 12 13 14 15
All linesin Figure 9 have a slope of 4.18'°eV/Hz. When converted to Frequency (x10' Hz)

JHz, this value becomes the familiar value of Planck’s constant:

19
414 1015%(%)——-6.6& 10% JHz

0509886279 sac pliac paslae /1




mm\oﬂ’eleﬁﬁc Graphs

Practice: photoelectric graphs

Q1 The graph shows the maximum Kinetic energy of photoelectrons emitted from a
metal surface against the frequency of the incident light.

1

-1 - P

KEITIH.\ (XIO_H ”

-2 -

-3.3 4=
—a -

Answer
Frequency f (x10'* Hz)

(a) Calculate the slope of the graph. What does the slope represent?

(b) Determine the threshold frequency of the metal and its work function in joules and
in electron volts.

(d) Find the maximum kinetic energy of the photoelectrons when light of frequency
8.0 X 101* Hz falls on the metal.

(e) At what wavelength of incident light is the maximum kinetic energy equal to
B3 AT )2

(f) The experiment is repeated with adnetal of larger work function.

How does the graph change? Explain.

0509886279 e pliac canlssc /1




Q2 The graph shows the stopping potential AV of photoelectrons emitted from a metal
against the frequency of the incident light.
=

2.48 A
— 2 7
=
=
=] 1
)
-
=
I o] T
2 1 P T3a %
[=Ts] ,’
£ 214 -
=y -
2 +-”
-
7 27 ’,/’
-2.48 +
Answer 34

Frequency f (x10" Hz)
(a) Calculate the slope of the graph. What does it represent?

Use it to calculate Planck's constant.

(b) From the graph, determine the threshold frequency and the work function of the
metal in eV.

(d) Light of wavelength 300 nm falls on the metal. Find the stopping potential and the
maximum Kinetic energy of the photoelectrons in eV and in joules.

0509886279 sac pliac paslae /1
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Q3 The graph shows the maximum Kinetic energy of photoelectrons against the

reciprocal of the wavelength % of the incident light.
v

4 -5

3 -

2 —

1 —

0
-1

KEpae (x1071%))

-2 4
-3 4

-4 -

Answer 5

172 (x10° m™")
(a) Calculate the slope of the graph. What does it represent?

Use it to calculate Planck's constant.

(d) Calculate the maximum kinetic energy of the photoelectrons when light of wavelength
400 nm is used.

(f) Explainawhy no‘photeeléctrons are émitted when, light of wavelength 600 nm falls on
the metal, even ibits’intensity is very-high.

0509886279 e pliac canlssc /1




ol doXall Jo ¥l o 2yl wml‘ 12ADV

Q4 The graph shows the stopping potential against % for two metals, A and B.

34 A
S 21
a
£z /1 7
5
o
c
% 0 T ] P T ’f T T T 1
a 0.5 1.7 15 27 215 3 3.5 4 4.5
o0 - -
g- -1 4 ”’f ’,,’
Q - /’
o] ” ”
B
vy ’/’
"'
”
3477

Answer 1/2 (x10°m™")

(a) Calculate the slope of each line.

What does the slope represent, and why are the two lines parallel?

(b) Determine the threshold wavelength of each metal. Which metal has the larger work
function? Calculate it in eV.

(c) Light of wavelength 500 nm falls on both metals. Which metal emits photoelectrons?
Find their maximum Kinetic energy in eV.

1.24 V?

0509886279 scpiacasgiucd | 6
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QS In a photoelectric experiment, a student measured the maximum kinetic energy of the
photoelectrons for different frequencies of incident light:

Emax (X10717])

KEax (X107 J)

Frequency f (x10'* Hz)
Answer

(a) Plot the points on the grid and draw the best straight line.
Extend the line until it cuts both axes.

(b) From your graph, find the threshold frequency of the metal, then calculate its
threshold wavelength.

(e) From the graph, find the maximumkinetic energy when light of frequency
9 x 101* Hz is used.

0509886279 e pliac canlssc /1
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Q6 In another experiment, the stopping potential was measured for different frequencies
of incident light:

Frequency / (< 101 H) -n--

Stopping potential AV (V) 0.8

3.5 -
3 -
2.5 4
5
1.5 -
Y
0.5 -

O 1 I 1 ] ! | 1 I T I n ] Il I T I i ] i T bi I 1 ] T T b ]
o5 Y P T3 /4TS TR Y 8 ITeT 10 1 11\ 12 1314
4.4
_1‘5._
_2_
-2.5 -
Answer Frequency f(x10'* Hz)

Stopping potential AV (V)

(a) Plot the points on the grid, draw the best straight line and extend it to cut both axes.
(b) Find the threshold frequency and the threshold wavelength of the metal.

(¢) Calculate the slope of the line. What does it represent? Use it to calculate Planck's
constant.

0509886279 scpiacasgiuc/d | 8
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Q7 The graph shows the maximum Kinetic energy of photoelectrons against the
frequency of the incident light for three metals X, Y and Z.

KEmur (EV)
o

-1 -
-1.66

-2.48

Answer —3-31 -

Frequency F(x 10 Hz)
(a) Why are the three lines parallel? What does their common slope represent?

(d) Light of frequency 7 X 10%* Hz falls on the three metals.

Which metals emit photoelectrons?

(e) Light of wavelength 400 nm falls on the three metals.

Which metals emit photoelectrons? Explain.

(f) For metal Y{at-what wavelength efincidentlight is the maximurirkinetic energy equal
to 1.24 eV?
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