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Abstract. Photoelectric effect is one of the fundamental phenomena of quantum mechanics for understanding the 
nature of light. The science education experts proposed a huge advantages of laboratory experiments activities, 
especially its potency for unserstanding the photoelectric effect. The availability of photoelectric experimental 
equipment in the real laboratory is very limited. It influences students’ conception about photoelectric effect. 
Therefore, Physics Education Technology (PhET) can be used as virtual laboratory for doing photoelectric effect 
experiment, mainly about the factors affecting the number of threshold wavelength. The purpose of this research is to 
study the factors influencing the number of threshold wavelength. The light intensity, the voltage, and the metal 
material used as the research variables are available in PhET simulation of photoelectric effect. By using PhET 
simulation, there are three experiments that can be done, namely: the effect of the light intensity to the threshold 
wavelength, the effect of the voltage to the threshold wavelength, and the effect of the metal material to the threshold 
wavelength. According to PhET simulation, only the metal material influenced the threshold wavelength and this is 
consistent to references. Thus, the investigation of factors influencing the threshold wavelength can be done using 
photoelectric effect simulation on virtual laboratory PhET. 

INTRODUCTION 

The science education experts said that there were a lot of benefits from laboratory experiments, especially 
about the potency of understandingthe photoelectric effect phenomena from it [1,3]. A photoelectric effect is a 
phenomenon of quantum mechanics that explains the nature of light as a photon. The limitation of traditional 
real laboratory in photoelectric effect apparatus is that it is not able to significantly build students’ concept of the 
photoelectric effect. Computer simulations and animations can be used as an alternative for doing modern 
physics experiment activities, including the photoelectric effect. Research studies have also indicated that 
visualization of this phenomenon through computer simulations can contribute to develop students’ 
understanding of physics concepts at the molecular level by attaching mental images to these concepts. 

According to Romualdo [2], animations are able to refine a concept and relate what we have seen to what we 
have heard and understood. Therefore, using virtual laboratory for doing photoelectric effect experiment activity 
is relevant to improve students’ understanding about its concept.Our previous study about PhET (Physics 
Education Technology) Virtual Laboratory as Physics Learning Media about Factors that Influence the Number 
of Emitted Electrons in Photoelectric Effect [5] also shows that photoelectric effect simulation on PhET can be 
used in the learning process to investigate factors that influence the number of emitted electrons. Our recent 
study aims to describe the exploration of the photoelectric effect simulation on PhET virtual laboratory (Physics 
Education Technology) to investigate factors that influence the number of the threshold wavelength in the 
photoelectric effect. 
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EXPERIMENT 

This study is a qualitative research that describes the exploration of the photoelectric effect simulation on 
PhET virtual laboratory (Physics Education Technology) in order to investigate factors that influence the number 
of threshold wavelength in the photoelectric effect. Some experiments that have been done in order to 
comprehend the factors that influence the number of threshold wavelength in photoelectric effect were explored 
in this study. 

There were four activities which had been done, i.e. : (1) investigating the effect of light intensity to 
threshold wavelength, (2) investigating the effect of voltage to threshold wavelength, and (3) investigating the 
effect of metal material to threshold wavelength. On each activity, all variables would be determined to guide 
how to find factors that influence the number of threshold wavelength in the photoelectric effect. The results in 
each activity would be compared to the references to ensure the consistency among the experiments results using 
virtual laboratoryPhET towards the prevailing theory. 

RESULTS AND DISCUSSION 

To investigate factors that influence the number of threshold wavelength in the photoelectric effect, some 
variables such as light intensity, voltage, and metal material could be examined using the photoelectric effect 
simulation on PhET virtual laboratory. In this case,  a number of light wavelengths when the electrons cannot be 
emitted from the material are used as the indicator of the threshold wavelength. 

 
 

 
 

FIGURE 1. PhET simulation is used to investigate factors that influence the number of the threshold wavelength in the 
photoelectric effect. 

 

Activity 1. The Effect of Voltage Towards the Number of Threshold Wavelength. 

According to the previous study [5] about the effect of voltage towards the number of emitted electrons using 
PhET photoelectric effect simulation, Ohm’s Law is not applicable in the photoelectric effect as shown in the 
following Figure 2: 
 
 
 
 
 



 

 
 

P-11 

 
 
 
 
 
 
 
 
 
 
 

FIGURE 2. The emitted electrons (current) towards voltage graphat λ=180 nm,  
metal material = Sodium, I=75% and V = 0-8V. 

 
Thus, voltage does not affect the number of threshold wavelength in photoelectric effect because emitted 
electrons are not affected by voltage as shown in Table 1. 
 

TABLE 2. The experiment results of the effect of voltage towards the number of threshold wavelength. 

Metal Material 
Emitted Electrons Voltage 

(Volt) 

Threshold 
Wavelength 

(nm) Emerge None 

 
Sodium 

 √ 0 540 
 √ 2 540 
 √ 3 540 
 √ 6 540 
 √ 8 540 
 √ 10 540 

 

Activity 2. The Effect of Metal Material Towards the Number of Threshold Wavelength. 

To investigate the effect of the metal material towards the number of threshold wavelength, the metal 
material was determined as the dependent variable; the threshold wavelength was determined as the independent 
variable; the voltage and the light intensity were determined as the controlled variables.One by one, the metal 
material was changed to Sodium, Zinc, Copper, Platinum, and Calsium. The chosen light intensity (I) was 100% 
to measure the threshold wavelength produces on each metal material changes. The measurement results of 
electrical current (i) were recorded on Table 1. 

TABLE 1. The experiment results of the effect of metal material towards the number of threshold wavelength. 

Metal Materials 
Emitted Electrons ThresholdWavelength 

(nm) Emerge None 
Sodium  √ 540 

Zinc  √ 289 
Copper  √ 264 

Platinum  √ 197 
Calcium  √ 428 

 
Based on the data in Table 1, all of the metal materials can not emerge electrons and the threshold 

wavelength was different for each metal material. Thus, the metal material affected the number of threshold 
wavelength. 

Activity 3. The Effect of Light Intensity Towards the Number of Threshold Wavelength. 

To investigate the effect of light intensity towards the number of threshold wavelength, the light intensity 
was determined as the dependent variable; the threshold wavelength was determined as the independent variable; 
the voltage and the metal material were determined as the controlled variables. 

Using the Sodium material and the voltage of 0V, the light intensity (I) was changed gradually from 75% to 
100% with 5% interval. The 5% interval is not a must. It could be 1%, 5%, 15%, etc. as long as its change is 
constant. The measurement results of current (i) were recorded on Table 2.  
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TABLE 2. The experiment results of the effect of light intensity towards the number of threshold wavelength. 

Metal Material 
Emitted Electrons Light 

Intensity 
(%) 

Threshold 
Wavelength 

(nm) Emerge None 

 
Sodium 

 √ 75 540 
 √ 80 540 
 √ 85 540 
 √ 90 540 
 √ 95 540 
 √ 100 540 

 
Based on the data in the table above, when the magnitude of light intensity was greater, it was found that 

each change on light intensity produced the same threshold wavelength. Thus, the threshold wavelength is not 
affected by the light intensity. It is because the minimum energy required to release electrons from the material 
surface (the photoelectric) work function is constant in its magnitude and it is not affected by the light intensity, 
but by the metal materials. Light intensity affects the number of emitted electron and it does not affect the 
photoelectric work function. 

Based on the exploration of PhET simulation by doing three activities as mentioned above, the result shows 
that the threshold wavelength in the photoelectric effect is affected only by the metal materials. It is consistent to 
the references[4]. Therefore, the photoelectric effect simulation on PhET can be used in the learning process to 
investigate factors that influence the number of threshold wavelength in the photoelectric effect. 

CONCLUSION 

The exploration of the photoelectric effect simulation on PhET shows that factors influencing the threshold 
wavelength in the photoelectric effect is only the metal material as mentioned in the prevailing theory. Thus, the 
photoelectric effect simulation on PhET can be used in physics learning to investigate factors that influence the 
threshold wavelength in the photoelectric effect. 
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