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اينشتاين العرب مصدر الاول للعلامة الكاملة
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Reading Photoelectric Graphs 

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

Graph Equation Slope x-
intercept 

y-
intercept 

𝑲𝑲𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎 (J) against 𝒇𝒇 𝐾𝐾𝐾𝐾 = ℎ𝑓𝑓 − ℎ𝑓𝑓0 ℎ 𝑓𝑓0 −𝑊𝑊 

𝜟𝜟𝜟𝜟 (or 𝑲𝑲𝑲𝑲 in eV) 
against 𝒇𝒇 𝛥𝛥𝛥𝛥 = ℎ

𝑒𝑒 𝑓𝑓 −
ℎ
𝑒𝑒 𝑓𝑓0 

ℎ
𝑒𝑒 𝑓𝑓0 −𝑊𝑊

𝑒𝑒  

𝑲𝑲𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎 (J) against 𝟏𝟏𝝀𝝀 𝐾𝐾𝐾𝐾 = ℎ𝑐𝑐
𝜆𝜆 − ℎ𝑐𝑐

𝜆𝜆0
 ℎ𝑐𝑐 

1
𝜆𝜆0

 −𝑊𝑊 

𝜟𝜟𝜟𝜟 (or 𝑲𝑲𝑲𝑲 in eV) 
against 𝟏𝟏𝝀𝝀 𝛥𝛥𝛥𝛥 = ℎ𝑐𝑐

𝑒𝑒𝑒𝑒 −
ℎ𝑐𝑐
𝑒𝑒𝜆𝜆0

 ℎ𝑐𝑐
𝑒𝑒  

1
𝜆𝜆0

 −𝑊𝑊
𝑒𝑒  

 
Remember 
The slope is the same for every metal, because it depends only on the constants ℎ, 𝑐𝑐 and 𝑒𝑒. 
A metal with a larger work function gives a parallel line shifted to the right (larger 𝑓𝑓0, 
smaller 𝜆𝜆0). 

Use ℎ = 6.63 × 10−34 J ⋅ s, 𝑐𝑐 = 3.0 × 108 m/s, 𝑒𝑒 = 1.6 × 10−19 C. 
 

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. 

 
 
 
 
 
Answer 

(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. 
 
 
 
 
(c)  Calculate the threshold wavelength of the metal. 
 
 
 
(d)  Find the maximum kinetic energy of the photoelectrons when light of frequency 
8.0 × 1014 Hz falls on the metal. 
 
 
 
(e)  At what wavelength of incident light is the maximum kinetic energy equal to 
3.3 × 10−19 J? 
 
 
 
 
(f)  The experiment is repeated with a metal of larger work function.  

How does the graph change? Explain. 
 
 
 

 

          Math Physics

Cesium Magnesium

( x  1 ,  y  1 ), 
( x  2 ,  y  2 )

(6.00× 1 0  14  Hz, 0.534 eV),
(1.00× 1 0  15  Hz, 2.19 eV)

(1.00× 1 0  15  Hz, 0.480 eV),
(1.50× 1 0  15  Hz, 2.55 eV)

m =     y  2  -   y  1  _  x  2  -   x  1 
  m =    2.19 eV -  0.534 eV  ___   

1.00× 1 0  15  Hz -  6.00× 1 0  14  Hz
  m =    2.55 eV -  0.480 eV  ___   

1.50× 1 0  15  Hz -  1.00× 1 0  15  Hz
  

m =  4.14× 1 0  − 15  eV/Hz m =  4.14× 1 0  − 15  eV/Hz

Slope of a Line The lines in Figure  are parallel. That means they all have the 
same slope. Below are the calculations for cesium and magnesium. 

All lines in Figure 9 have a slope of 4.14× 1 0  -15  eV/Hz. When converted to 
J/Hz, this value becomes the familiar value of Planck’s constant:
4.14× 1 0  -15    eV _ Hz    (   1.602× 1 0  -19  J __ 1 eV  )   = 6.63× 1 0  -34  J/Hz
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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. 

 
 
 
 
 
Answer 

(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. 
 
 
 
 
(c)  Calculate the threshold wavelength of the metal. 
 
 
 
(d)  Find the maximum kinetic energy of the photoelectrons when light of frequency 
8.0 × 1014 Hz falls on the metal. 
 
 
 
(e)  At what wavelength of incident light is the maximum kinetic energy equal to 
3.3 × 10−19 J? 
 
 
 
 
(f)  The experiment is repeated with a metal of larger work function.  

How does the graph change? Explain. 
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Q2  The graph shows the stopping potential 𝛥𝛥𝛥𝛥 of photoelectrons emitted from a metal 
against the frequency of the incident light. 

 
 
 
 
 
 
Answer 

(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. 
 
 
 
(c)  Calculate the threshold wavelength of the metal. 
 
 
 
(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. 
 
 
 
 
 
(e)  At what wavelength of incident light is the maximum kinetic energy equal to 2.48 eV? 
 
 
 
 

 

Q3  The graph shows the maximum kinetic energy of photoelectrons against the 
reciprocal of the wavelength 1𝜆𝜆 of the incident light. 

 
 
 
 
 
 
Answer 

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

 Use it to calculate Planck's constant. 
 
 
 
 
(b)  Determine the threshold wavelength and the threshold frequency of the metal. 
 
 
 
(c)  Determine the work function of the metal in joules and in electron volts. 
 
 
 
(d)  Calculate the maximum kinetic energy of the photoelectrons when light of wavelength 
400 nm is used. 
 
 
 
(e)  At what wavelength is the maximum kinetic energy equal to 2.0 × 10−19 J? 
 
 
 
(f)  Explain why no photoelectrons are emitted when light of wavelength 600 nm falls on 
the metal, even if its intensity is very high. 
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Q3  The graph shows the maximum kinetic energy of photoelectrons against the 
reciprocal of the wavelength 1𝜆𝜆 of the incident light. 

 
 
 
 
 
 
Answer 

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

 Use it to calculate Planck's constant. 
 
 
 
 
(b)  Determine the threshold wavelength and the threshold frequency of the metal. 
 
 
 
(c)  Determine the work function of the metal in joules and in electron volts. 
 
 
 
(d)  Calculate the maximum kinetic energy of the photoelectrons when light of wavelength 
400 nm is used. 
 
 
 
(e)  At what wavelength is the maximum kinetic energy equal to 2.0 × 10−19 J? 
 
 
 
(f)  Explain why no photoelectrons are emitted when light of wavelength 600 nm falls on 
the metal, even if its intensity is very high. 
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Q4  The graph shows the stopping potential against 1𝜆𝜆 for two metals, A and B. 

 
Answer 

(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. 
 
 
 
 
(d)  For metal A, at what wavelength of incident light is the stopping potential equal to 
1.24 V? 
 
 
 

 

Q5  In a photoelectric experiment, a student measured the maximum kinetic energy of the 
photoelectrons for different frequencies of incident light: 

Frequency 𝒇𝒇 (× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐇𝐇𝐇𝐇) 𝟔𝟔 𝟖𝟖 𝟏𝟏𝟏𝟏 𝟏𝟏𝟏𝟏 

𝑲𝑲𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎 (× 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 𝐉𝐉) 1.3 2.6 4.0 5.3 
 

 
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. 
 
 
 
(c)  Calculate the slope of the line. What does the slope represent? 
 
 
 
(d)  Read the y-intercept and find the work function of the metal in joules and in eV. 
 
 
 
(e)  From the graph, find the maximum kinetic energy when light of frequency 
9 × 1014 Hz is used. 
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Q5  In a photoelectric experiment, a student measured the maximum kinetic energy of the 
photoelectrons for different frequencies of incident light: 

Frequency 𝒇𝒇 (× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐇𝐇𝐇𝐇) 𝟔𝟔 𝟖𝟖 𝟏𝟏𝟏𝟏 𝟏𝟏𝟏𝟏 

𝑲𝑲𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎 (× 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 𝐉𝐉) 1.3 2.6 4.0 5.3 
 

 
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. 
 
 
 
(c)  Calculate the slope of the line. What does the slope represent? 
 
 
 
(d)  Read the y-intercept and find the work function of the metal in joules and in eV. 
 
 
 
(e)  From the graph, find the maximum kinetic energy when light of frequency 
9 × 1014 Hz is used. 
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Q6  In another experiment, the stopping potential was measured for different frequencies 
of incident light: 

Frequency 𝒇𝒇 (× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐇𝐇𝐇𝐇) 𝟕𝟕 𝟗𝟗 𝟏𝟏𝟏𝟏 𝟏𝟏𝟏𝟏 

Stopping potential 𝜟𝜟𝜟𝜟 (V) 0.8 1.7 2.5 3.3 
 

 
Answer 

(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. 
 
 
 
(c)  Calculate the slope of the line. What does it represent? Use it to calculate Planck's 
constant. 
 
 
 
 
(d)  Find the work function of the metal in eV. 
 
 
(e)  What is the stopping potential when light of frequency 10 × 1014 Hz is used? 
 
 
(f)  At what wavelength of incident light is the stopping potential equal to 1.24 V? 
 
 
 

 

Q7  The graph shows the maximum kinetic energy of photoelectrons against the 
frequency of the incident light for three metals X, Y and Z. 

 
 
 
 
 
 
Answer 

(a) Why are the three lines parallel? What does their common slope represent? 
 
 
 
(b) Which metal gives electrons with the largest kinetic energy, and how large is it? 
  
 
 
(c)  Calculate the threshold wavelength of each metal. 
 
 
 
 
(d)  Light of frequency 7 × 1014 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 of incident light is the maximum kinetic energy equal 
to 1.24 eV? 
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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. 

 
 
 
 
 
 
Answer 

(a) Why are the three lines parallel? What does their common slope represent? 
 
 
 
(b) Which metal gives electrons with the largest kinetic energy, and how large is it? 
  
 
 
(c)  Calculate the threshold wavelength of each metal. 
 
 
 
 
(d)  Light of frequency 7 × 1014 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 of incident light is the maximum kinetic energy equal 
to 1.24 eV? 
 
 
 

 


