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– Abstract: 

 

The aim of this experiment is to verify the inverse square law of radiation using a 

photoelectric cell and to determine Planck's constant and work function of a material by 

photoelectric effect. The first part of this experiment, the light source was placed at 

different distances. Then, the graph Current vs 1/(Distance)2 was plotted. The result of 

this part was acceptable. The second part of this experiment, the stopping voltage was 

read for a different wavelength from different filters. Then by plotting Stopping Voltage 

vs Frequency of incident light, Planck's constant and work function of the material were 

found using Einstein’s photoelectric effect equation. Planck's constant in this experiment 

was ℎ ± ∆ℎ = (6.2 ± 0.3) × 10−34𝐽 ∙ 𝑠 and this result was acceptable. The work function 

of the material which used was 𝛷 ± ∆𝛷 = (1.46 ± 0.10)𝑒𝑉. 
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– Theory: 

 

The quantum of a light wave of frequency 𝑓 has the energy 

 

𝐸 = ℎ𝑓 

 

ℎ: 𝑃𝑙𝑎𝑛𝑐𝑘′𝑠 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 6.63 × 10−34𝐽 ∙ 𝑠 = 4.14 × 1015𝑒𝑉 ∙ 𝑠 

𝑓: 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑝ℎ𝑜𝑡𝑜𝑛 

 

If you direct a beam of light of short enough 

wavelength onto a clean metal surface, the light 

will cause electrons to leave that surface (the light 

will eject the electrons from the surface). This 

photoelectric effect is used in many devices, 

including TV cameras, camcorders, and night 

vision viewers. Einstein supported his photon 

concept by using it to explain this effect, which 

simply cannot be understood without quantum 

physics. 

 

Einstein summed up the results of such photoelectric experiments in the equation: 

 

ℎ𝑓 = 𝐾𝑚𝑎𝑥 + 𝛷 

 

𝐾𝑚𝑎𝑥 : 𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 

𝛷: 𝑊𝑜𝑟𝑘 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 
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The maximum kinetic energy of the electron is: 

 

𝐾𝑚𝑎𝑥 = 𝑒𝑉𝑠 

 

𝑒: 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑐ℎ𝑎𝑟𝑔𝑒 

𝑉𝑠 : 𝑆𝑡𝑜𝑝𝑝𝑖𝑛𝑔 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 

 

Substitute it in the Einstein’s photoelectric effect equation, 

 

ℎ𝑓 = 𝑒𝑉𝑠 + 𝛷 

 

We get the equation of the curve Stopping Voltage vs Frequency of incident light,  

 

𝑉𝑠 =
ℎ

𝑒
𝑓 −

𝛷

𝑒
 

 

𝑠𝑙𝑜𝑝𝑒 =
ℎ

𝑒
⟹ {

ℎ = 𝑒 ∙ 𝑠𝑙𝑜𝑝𝑒

∆ℎ = 𝑒 ∙ ∆(𝑠𝑙𝑜𝑝𝑒)
} 

 

𝑦𝑖𝑛𝑡 = −
𝛷

𝑒
⟹ {

{
𝛷 = −𝑒 ∙ 𝑦𝑖𝑛𝑡

∆𝛷 = 𝑒 ∙ ∆𝑦𝑖𝑛𝑡
}  𝑖𝑛 𝐽𝑜𝑢𝑙𝑒 𝑢𝑛𝑖𝑡 (𝐽)

{
𝛷 = −𝑦𝑖𝑛𝑡

∆𝛷 = ∆𝑦𝑖𝑛𝑡
}  𝑖𝑛 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑣𝑜𝑙𝑡 𝑢𝑛𝑖𝑡 (𝑒𝑉)

} 

 

The frequency of the light incident is: 

𝑓 =
𝑐

𝜆
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– Procedure: 

 

Prepare the apparatus: Photo Sensitive Devise, Light Source, Color Filters {red (635nm), 

yellow I (585nm), yellow II (540nm), green (520nm), blue (475nm)}, Accelerating 

Voltage, Current Detectiong Uint, Power Requierment, Optical Bench. 

 

 

PART I: 

1. Set the spurce of light at a distance 35cm. 

2. Open the source of light and display the current. 

3. Record the reading of current at that moment. 

4. Repeat the previous steps by changing the position of the light source. 

5. Current vs 1/(Distance)2 (I vs 1/d2). 

 

 

PART II: 

1. Open the source of light and insert the red color filter. 

2. Switch voltage at “-” and display the current, wait it until reaching zero. 

3. Record the reading of voltage at that moment. 

4. Repeat the previous steps by replacing the red color filter by the other filters. 

5. Plot Stopping Voltage vs Frequency of incident light 

 

 

 

 

 

 



5 

 

– Data: 

 

 

PART I: 

 

Distance d(cm) Current I(μA) 

35.0 0.008 

33.0 0.010 

31.0 0.013 

29.0 0.018 

27.0 0.029 

25.0 0.049 

23.0 0.074 

21.0 0.106 

19.0 0.164 

17.0 0.266 

15.0 0.394 

 

 

PART II: 

 

Color Wavelength(nm) Vs(Volt) 

red 635 0.34 

yellow I 585 0.54 

yellow II 540 0.67 

green 520 0.78 

blue 475 0.96 
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– Calculations: 

 

PART I: 

 

d(cm) d(m) d^2 1/d^2  I(μA) I(nA) 

35.0 0.350 0.123 8.16 0.008 8.00 

33.0 0.330 0.109 9.18 0.010 10.0 

31.0 0.310 0.0961 10.4 0.013 13.0 

29.0 0.290 0.0841 11.9 0.018 18.0 

27.0 0.270 0.0729 13.7 0.029 29.0 

25.0 0.250 0.0625 16.0 0.049 49.0 

23.0 0.230 0.0529 18.9 0.074 74.0 

21.0 0.210 0.0441 22.7 0.106 106 

19.0 0.190 0.0361 27.7 0.164 164 

17.0 0.170 0.0289 34.6 0.266 266 

15.0 0.150 0.0225 44.4 0.394 394 
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PART II: 

 

Color  Wavelength(nm) f(1014Hz)  Vs(Volt) 

red 635 4.72 0.34 

yellow I 585 5.13 0.54 

yellow II 540 5.56 0.67 

green 520 5.77 0.78 

blue 475 6.32 0.96 

 

 

 Slope inty 

Value 3.85179E-15 -1.45995875 

Error 1.88441E-16 0.104123287 

 

 

ℎ = 𝑒 ∙ 𝑠𝑙𝑜𝑝𝑒 = 1.60 × 10−19 × 3.85 × 10−15 = 6.17 × 10−34𝐽 ∙ 𝑠 

 

∆ℎ = 𝑒 ∙ ∆(𝑠𝑙𝑜𝑝𝑒) = 1.60 × 10−19 × 1.88 × 10−16 = 0.3 × 10−34𝐽 ∙ 𝑠 

 

ℎ ± ∆ℎ = (6.2 ± 0.3) × 10−34𝐽 ∙ 𝑠 

 

 

𝛷 = −𝑦𝑖𝑛𝑡 = −1 × −1.46 = 1.46𝑒𝑉 

 

∆𝛷 = ∆𝑦𝑖𝑛𝑡 = 0.10𝑒𝑉 

 

𝛷 ± ∆𝛷 = (1.46 ± 0.10)𝑒𝑉 
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– Results: 

 

ℎ ± ∆ℎ = (6.2 ± 0.3) × 10−34𝐽 ∙ 𝑠 

𝛷 ± ∆𝛷 = (1.46 ± 0.10)𝑒𝑉 

 

– Discussion: 

 

The curve of Current vs 1/(Distance)2 has a semi-straight trendline. The current is 

inversely proportional with the square of the distance.  

 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 ∝
1

𝑑2 

 

The intensity of the light source on a certain point is inversely proportional with the 

square of the distance.  

 

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 ∝
1

𝑑2 

 

By increasing the number of photons, the amount of electrons which releases form their 

atoms would increase. So, the current is directly proportional with the intensity of light. 

 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 ∝ 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 

 

The result of this part was acceptable. 
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The real value of Planck’s constant is 6.6 × 10−34𝐽 ∙ 𝑠. The experimental value of 

Planck’s constant was (6.2 ± 0.3) × 10−34𝐽 ∙ 𝑠. Both results are close to each other. So, 

this result is accepted. 

 

 

The work function of the material which used was (1.46 ± 0.10)𝑒𝑉. To convert it in 

Joules unit: 

 

𝛷𝐽 = 𝑒 ∙ 𝛷𝑒𝑉 = 1.60 × 10−19 × 1.46 = 2.34 × 10−19𝐽 

∆𝛷𝐽 = 𝑒 ∙ ∆𝛷𝑒𝑉 = 1.60 × 10−19 × 0.10 = 0.2 × 10−19𝐽 

 

𝛷𝐽 ± ∆𝛷𝐽 = (2.3 ± 0.2) × 10−19𝐽 

 

 

Photoelectric equation of Einstein is: 

 

ℎ𝑓 = 𝐾𝑚𝑎𝑥 + 𝛷 

 

Threshold (Cutoff) frequency is defined as the minimum frequency of incident light 

which can cause photo electric emission. That’s mean, the maximum kinetic energy of 

the electron equal zero (𝐾𝑚𝑎𝑥 = 0). 

 

ℎ𝑓0 = 𝛷 ⟹ {
𝑓0 =

𝛷

ℎ

∆𝑓0 =
∆𝛷

ℎ

} 
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𝑓0 =
𝛷

ℎ
=

2.3 × 10−19

6.6 × 10−34 = 3.8 × 1014𝐻𝑧 

 

∆𝑓0 =
∆𝛷

ℎ
=

0.2 × 10−19

6.6 × 10−34 = 0.3 × 1014𝐻𝑧 

 

𝑓0 ± ∆𝑓0 = (3.8 ± 0.3) × 1014𝐻𝑧 

 

 

The photoelectric effect does not occur if the frequency is below a certain cut off 

frequency or, equivalently, if the wavelength is greater than the corresponding cut off 

wavelength. This is so no matter how intense the incident light is.  

 

 

 

Increasing the light intensity increases the number of photons in the light, but the photon 

energy, given by equation (𝐸 = ℎ𝑓), is unchanged because the frequency is unchanged. 

Thus, the energy transferred to the kinetic energy of an electron is also unchanged. 
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There were some sources of systematic error. Firstly, the dust on filters and lenses. 

Secondly, the errors of approximations in distances and values in calculations. Another 

reason, the systematic errors in the Photo Sensitive Devise. Moreover, the perturbations 

of a lot of sources form the environment of the experiment. 
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– Appendix: 
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