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Abstract: In this paper, the properties of light are studied by means of photoelectric effect. 
Einstein's theory of light quantum, which reveals that the energy of photon E = hν, is very important 
to study the specific heat of solid, radiation theory and atomic spectrum. The propagation of light 
shows its wave property, which produces interference, diffraction, polarization and other 
phenomena. When light interacts with objects, its corpuscular property is highlighted again. Wave 
particle duality is the inherent property of all micro objects, and quantum mechanics has been 
developed to describe and explain the motion law of micro objects, which makes a great progress in 
people's understanding of the objective world. Based on the photoelectric effect method, the cut-off 
voltages of five different frequencies of light are studied: As each frequency of light have a unique 
photon energy, the energy for moving that the escaping electrons got is different. The experiment 
shows that: The higher the frequency of photons, the higher the energy of escaping electrons, so the 
cut-off voltage(COV) is higher. At the same time, when the incident ray has a frequency lower than 
regular value, no photocurrent will be generated no matter what the intensity of light and the time of 
irradiation is. The volt ampere saturation(AS)characteristic curve of different frequencies and the 
intensity of light is further studied: different spectral lines at the same aperture and the same 
distance; a certain spectral line at different light intensities and the same aperture; a spectral line at 
different luminous flux and the same distance. These research results provide a good significance 
for the future optical research. 

1. Introduction 
Since ancient times, People have tried to explain what light is. By the 17th century [1-5], 

Geometrical optics is established to study the law of reflection, refraction and imaging of light. 
Newton and other physicists studied the geometrical optics phenomenon. According to the linear 
propagation of light, they think of light as a kind of particle flow, which fly out of the light source 
and move in a uniform straight line with the law of mechanics. The theory of particle flow naturally 
explains the linear propagation of light, but it is difficult to explain the interference phenomenon 
like Newton's ring, etc. [6-9]. 

Huygens and others put forward the wave theory of light in the 17th century, in which it is 
believed that light is produced and propagated in the form of waves. However, the early wave 
theory lacks mathematical basis, so it is not perfect and has not been paid attention to. In the early 
19th century, Thomas Young developed Huygens' wave theory and successfully explained the 
interference phenomenon. The famous Young's double slit interference experiment is proposed, 
which provides good evidence for the wave theory. In 1818, Fresnel, who was only 30 years old, 
from the point of view that light is shear wave, perfectly explained the polarization of light in an 
essay contest on diffraction of light bay the French Academy of Sciences. With rigorous 
mathematical reasoning, the diffraction patterns produced by light passing through obstacles of 
round hole and circular plate are calculated quantitatively. The results are in good agreement with 
the experiment, which made the Award Committee greatly impressed and won the science award of 
this session for Fresnel. The wave theory is gradually accepted by people. Between 1856 and 1865, 
Maxwell established the electromagnetic field theory, pointing out that light is an electromagnetic 
wave, and the wave theory of light was established. 

In 1887[16-19], two sets of electrodes were used in Hertz’s experiment of transmitting and 
receiving electromagnetic waves. It is found that when ultraviolet light irradiates the negative 
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electrode of the receiving electrode, it is easier to generate discharge between receiving electrodes. 
The discovery of Hertz has attracted many people to do research in this field. Stoletov found that 
when the negative electrode was irradiated by light, it emits negatively charged particles, forming 
photocurrent which has a liner relationship with the intensity of incident light. Photocurrent is 
produced immediately at the beginning of irradiation without any accumulation of time needed. In 
1899, Thomson measured the nuclear-cytoplasmic ratio of photocurrent and proved that 
photocurrent is caused by the electron emitted by the cathode after irradiated by light. In 1900, 
Lenard studied the maximum velocity of electrons escaping from the metal surface by applying a 
reverse voltage between the anode and cathode[19-23].It is found that both the light source and 
cathode material have influence on the cut-off voltage, but the intensity of light has no effect on, 
which means that the maximum velocity of electron escaping from metal surface is irrelevant to 
light intensity, Lenard won the Nobel Prize in physics in 1905 for his work in this field. 

The experimental law of photoelectric effect is not consistent with the classical electromagnetic 
theory. According to the classical theory, the energy of electromagnetic wave is continuous, so 
when the electron receives greater energy of light, the kinetic energy should be greater and the 
initial velocity of the electron should be greater. However, the experimental results show that the 
initial velocity of the electron is independent from the intensity of light. Moreover, as long as there 
is enough light intensity and exposure time, no matter what frequency the light wave has, electrons 
should get enough energy to escape the metal surface. The experimental results show that: for a 
certain kind of metal material, photoelectrons will be produced immediately after the metal is 
irradiated if the incident light frequency exceeds a certain value[24-29]. Conversely, when the 
frequency of incident light is lower than this value, there will be no photoelectrons no matter how 
strong the light is and how long the exposure time is. 

Einstein, with his amazing insight, was the first to realize the great significance of quantum 
hypothesis, and he got the famous equation in photoelectric effect from his photon hypothesis, 
which explains the experimental results of photoelectric effect. Einstein's photon theory was 
doubted and ignored at first because of its conflict with the classical electromagnetic theory. On the 
one hand, people are bound by traditional ideas; on the other hand, the photoelectric effect equation 
could not be verified because the accuracy of experiments for photoelectric effect was not high 
enough at that time. Millikan began the experiment of photoelectric effect in 1904. After ten years, 
Einstein's theory of light quantum was confirmed by experiments. In 1921 and 1923, two physicians 
won the Nobel Prize in physics for their outstanding contributions in studying photoelectric effect. 
In his 1924 speech, Millikan talked about his work in this way: “After ten years of testing and 
changing and learning and sometimes blundering, all efforts being directed from the first toward the 
accurate experimental measurement of the energies of emission of photoelectrons, now as a 
function of temperature, now of wavelength, now of material (contact e.m.f. relations), this work 
resulted, contrary to my own expectation, in the first direct experimental proof in 1914 of the exact 
validity, within narrow limits of experimental error, of the Einstein equation, and the first direct 
photoelectric determination of Planck’s h.”[34-35] 

This paper studies the properties of light based on photoelectric effect method,Light of different 
frequencies,Analysis of the relationship between the intensity of light and light and the factors 
affecting the intensity of light, further optimize the research. 

2. Experimental Principle of Photoelectric Effect 
Photoelectric effect refers to: when the light of a certain frequency irradiates on the surface of 

the metal material, there will be electrons escaping. For understanding the characteristics of light 
and the development of Early Quantum Theory, the experiment of Photoelectric effect has 
milestone significance. Photoelectric effect is divided into internal photoelectric effect and external 
photoelectric effect. In this paper the external photoelectric effect is studied: Electrons generated by 
light escape from the surface of matter, forming electrons in a vacuum, which produces a 
photocurrent. 
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2.1 Experimental Instruments Used 
The experimental instrument used in this paper consists of mercury lamp, power supply, filter, 

diaphragm, photocell and tester. As shown in Figure 1: five different frequency filters, used to 
provide monochromatic light at different frequencies. As shown in Figure 2:three apertures with 
different aperture diameters,They are 2mm, 4mm and 8mm respectively. As shown in Figure 3, 
Photoelectric effect tester, etc. 

 
Fig.1 Five Different Frequency Filters 

 
Fig.2 Three Apertures with Different Aperture Diameters 

 
Fig.3 Experimental Mercury Lamp and Photocell 

2.2 Experimental Principle 
The experimental schematic diagram is shown in Fig. 4. When the frequency of monochromatic 

incident light is greater than the cut-off frequency of the metal material used as the cathode K,under 
the electric field, the photoelectrons migrate to anode A and form photocurrent,changing applied 
voltage UAK. Through the measurement of photocurrent I, the volt ampere characteristic curve of 
the photoelectric tube in this experiment can be obtained. 

 
Fig.4 Experimental Schematic Diagram 

On the basis of Einstein's Quantum Theory of Light, Light energy is not distributed evenly in the 
wave as the Electromagnetic wave theory. However, the particles still retain the concept of 
frequency (or wavelength). Photons at frequency v have energy [7]: 

E = hν,                    (1) 
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h: Planck Constant 
When light irradiates on the surface of the metal, the energy in photons is absorbed by all 

electrons in the metal at one time without extra time to accumulate energy. Electrons use part of this 
energy to overcome the attraction of metal surfaces, and the rest becomes the energy of motion of 
the electrons as they leave the metal surface. On the basis of  the law of energy conservation, 
Einstein put forward the famous equation of photoelectric effect: 

Amh += 2
02

1 υν
                  (2) 

Where, A: is the work escaping from the metal. 
1/2mv02: is the initial energy of motion obtained by photoelectron. 
v0: is the maximum speed. 
m: is the mass of photoelectron. 
It can be seen from equation (2), the higher the frequency of the incident ray on the surface of 

metal, the greater the energy of motion that electrons can get. Therefore, even if the anode potential 
is lower than the cathode potential, electrons will fall into the anode to form photocurrent. The 
photocurrent remains zero until the anode potential(AP) is lower than the COV. At this point, it is 
relevant: 

2
0 0

1
2

eU mυ=
                      (3) 

The COV is lower than the anode potential. With the increase of the AP, the collection effect of 
the anode on the electrons emitted from the cathode becomes stronger, and the photocurrent 
increases; when the anode voltage reaches a certain level, almost all photoelectrons emitted from 
the cathode have been collected to the anode. When UAK is increased again, I does not change and 
photocurrent saturates. The saturation photocurrent IM is proportional to the intensity P of incident 
light. 

When the photon energy h0 < A, Electrons cannot do without the metal, Therefore, no 
photocurrent is generated. The lowest frequency (cut-off frequency) for photoelectric effect is h0 = 
A / h. From this we can see that: 

0eU h Aν= −                    (4) 
The formula shows that the COV U0 is a linear function of frequency.As long as the COV 

corresponding to different frequency is obtained by experimental method, Einstein's theory of 
photons successfully expound the law of electric-optic effect. 

3. Experimental Process 
3.1 Preparation Before Test 

a) Connect the power supply of the tester and mercury lamp, cover the mercury lamp and 
photoelectric tube cassette cover, and preheat for 20 minutes. 

b) Aim the light output port of the mercury lamp cassette to the light input port of the photocell 
and adjust the distance between the photoelectric tube and the mercury lamp to about 40cm and 
keep it invariant. 

c) Connect the voltage input end of the photocell cassette with the voltage output terminal of the 
tester (on the back panel) with a special connecting wire (red -red, blue -blue). 

d) zero adjustment: the “current range” selector switch is placed in the selected gear position, the 
instrument is fully preheated before the test is zeroed. The experimental instrument will 
automatically enter the zero setting state after starting up or changing the current range. Turn the 
“zero adjustment” knob to make the current indicate “+” and “-” zero conversion point. After 
adjustment, connect the current output end of the photocell cassette with the micro current input end 
of the experimental instrument with the high frequency matching cable, and press the “zero setting 
confirmation / system reset” key, and the system will enter the test state. 

3.2 Measurement of Cut-Off Voltage: 
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When measuring the cut-off voltage, the “volt ampere characteristic test / 
cut-off voltage test” status key should be the cut-off voltage test state. The “current range” 

switch should be at 10-13A. Put a 4mm Diameter diaphragm and 365nm color filter on the light 
input port of the photocell cassette, and open the mercury lamp shading cover. At this time, the 
voltmeter displays the value of UAK in volts; the ammeter displays the current value I 
corresponding to the UAK in the selected “current range”. Adjust the voltage from low to high (the 
absolute value decreases), observe the changing of current value, find the corresponding UAK when 
the current is zero (the current indicates “+”, “-” zero conversion point), and take its absolute value 
as the value of U0 corresponding to the wavelength, and record the data. In order to find the value 
of U0 as soon as possible, adjust it from high level to low level, first determine the value of high 
level, and then adjust to low level successively. Replace with 405 nm, 436nm, 546 nm, 577 nm 
filters, and repeat the above measurement steps. 

 
Fig.5 Uak-I Images Near Cut-Off Voltage U0 At Different Wavelengths 

As shown in Figure 5, the cut-off voltage U0 corresponding to different wavelengths is different, 
and increases with the increase of incident light frequency. 

 
Fig.6 Relationship between the Cut-Off Voltage U0 and Frequency 

 
Fig.7 Relationship between the Regular Residual Cut-Off Voltage U0 and Frequency 

As shown in Figure 6 and 7, the cut-off voltage U0 has a linear relationship with the optical 
Frequency, and the range of conventional residual error is small, which is in line with the expected 
results of the experiment. 

3.3 Relationship between Photocurrent and Frequency and Flux of Incident Light: 
Adjust the voltage selection key to the “volt ampere characteristic” position, and record the 

corresponding current value at intervals from - 1 to 50 V (increase the voltage selection interval 
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appropriately when the current changes slowly). Keep the filter unchanged, change the aperture 
with different diameter, repeat the above operation, and record the experimental data. 

a) Simultaneously , the volt AS curves of different spectral lines at the same aperture and 
distance can be observed at the same time. 

b) At the same time, the volt AS characteristic curve of a certain spectral line at different light 
intensities and the same aperture can be observed at the same time. 

c) The volt AS characteristic curve of a certain spectral line at different luminous flux and the 
same distance can be observed at the same time. It can be verified that the saturation photocurrent 
of the photocell is ratio to the incident ray. 

When the UAK is 50V, set the instrument to manual mode, measuring and recording the current 
values corresponding to the same spectral line and the same incident distance, when the apertures 
are 2mm, 4mm and 8mm, and verify that the saturated photocurrent of the photocell is directly 
proportional to the incident light intensity. At the same time, the corresponding current values of the 
photocell and the incident light at different distances, such as 300 mm, 320 mm, 340 mm, 360 mm, 
380 mm, 400 mm, etc., are measured and recorded for the same spectral line and the same aperture. 
It is also verified that the saturation current of the photocell is directly ratio to the incident light 
intensity. 

 
Fig.8 The Relationship between Aperture with Different Diameter and Light Intensity 

As shown in Figure 8,For the same distance and frequency light, the larger the aperture, the 
greater the intensity of the light passing through. For different frequencies of light, the greater the 
frequency, the greater the intensity of light passing through,For the light with wavelength of 436 nm, 
there are contact potential difference and anode in the experiment, The influence of photocurrent, 
dark current, background current, etc. Dark current is generated by thermal excitation in the absence 
of light, and 

increases linearly with the increase of voltage. 
The background current has more uncertainty, and there are many factors affecting the 

background current, such as indoor light intensity, impurities in the air and other environmental 
factors. 
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Fig.9 The Relationship between Distance and Light Intensity 
As shown in Figure 9, For the same aperture and frequency light, the closer the distance is, the 

greater the intensity of the light passing through. For different frequencies of light, the greater the 
frequency, the greater the intensity of light passing through,For the light with wavelength of 436 nm, 
there are contact potential difference and anode in the experiment, the influence of photocurrent, 
dark current, background current, etc. Dark current is generated by thermal excitation in the absence 
of light, and increases linearly with the increase of voltage. 

The background current has more uncertainty, and there are many factors affecting the 
background current, such as indoor light intensity, impurities in the air and other environmental 
factors. 

4. Summary 
Starting from the photoelectric effect equation, this paper studies the influence factors of the 

intensity characteristics of light with different frequencies. The results show that: The higher the 
frequency, the higher the COV. For the same aperture, The higher the frequency of light, the greater 
the intensity of light, For the same distance, the same frequency of light, the larger the aperture, the 
greater the intensity of light. For the same aperture and frequency light, the closer the distance is, 
the greater the intensity of the light passing through, this is of great significance to the study of 
optical intensity. 
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