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PLANCK’S CONSTANT APPARATUS 

PLCN01 

Figure 1 

IDENTIFICATION OF COMPONENTS 
1. Photocell housing

2. Voltmeter for stopping potential

3. Nanoammeter: measures photocurrent

4. Electronics housing

5. LEDs with cables and fiber optic connectors

6. Power supply

7. LED light intensity adjustment knob

8. Stopping potential fine adjustment knob

9. Stopping potential coarse adjustment knob

10. LED fiber optic cable connector

DESCRIPTION 

The PLCN01 Planck’s Constant Apparatus is a compact unit containing an enclosed vacuum 

photocell and electronic circuitry for applying a variable stopping voltage to the cell and 

for measuring the resulting photocurrents. Light from five interchangeable narrow spectrum 

LEDs is applied to the photocell via an enclosed fiber optic connecting cable so that the 

ambient illumination is excluded. Measuring the maximum energy of the photons from 

the five LEDs allows a value for Planck’s Constant to be found. The work function of the 

photocell cathode material can also be estimated.  
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SPECIFICATIONS 

Photocathode Material  Cesium (Cs) 

Voltmeter Display 3½ Digit, LCD 

Precision 0.5% (typical) 

Ammeter Display  3½ Digit, LCD 

Precision 1% (typical) 

Dimensions (w x h x d) 280 mm x 120 mm x 160 mm 

Weight Approx. 1 kg 

THEORETICAL BACKGROUND 

1. THE PHOTOELECTRIC EFFECT

In 1887 the German physicist Heinrich Hertz experimented with the formation and 

propagation of electromagnetic waves. Investigating how sparks form between electrically 

charged plates, Hertz discovered that the sparks increased in intensity and quantity 

when the plates were exposed to ultraviolet light.  

The next year, Wilhelm Hallwachs discovered that a negatively charged zinc plate would 

lose its charge considerably more quickly when exposed to ultraviolet radiation. He 

attributed this phenomenon to the emission of negatively charged particles. 

In 1900, the physicist Philipp Lenard discovered that the ignition voltage of an electric 

arc decreased considerably when the negative electrodes were exposed to ultraviolet 

radiation, showing that these particles are electrons. 

Two years later, Lenard attempted to measure the energy required to remove electrons 

from photosensitive plates when the plates are exposed to light. He discovered a 

threshold voltage level below which no electrons could be removed from the plate, and 

that this threshold voltage did not depend on radiation intensity. 

He also discovered that the energy of the electrons after emission was dependent on 

the color of the light beam and he observed that no electrons could be released from 

the plates using long-wave radiation, regardless of the intensity. 

The results of Lenard’s experiments cannot be explained using the classic theory of 

light propounded by Maxwell. An ingenious explanation for these experimental findings 

was proposed by Albert Einstein in 1905. He assumed that the incident radiation consists of 

energy quanta, as proposed by Max Planck, and that their energy is proportional to 

the frequency of the radiation. 

Einstein determined the magnitude of the energy quantum to be hν, where h is Planck’s 

universal constant and ν the frequency of the radiation. The electrons emitted from the 

plate lose some of their energy in leaving the plate, and this loss is referred to as the 

work function φ. The electrons emitted from the plate have a velocity v and thus an 
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amount of kinetic energy expressed as ½mv2. 

The energy equation resulting from Einstein’s hypothesis is thus: 

E = ½mv2 = hν− φ 

E = kinetic energy of the electron after emission 

m = mass of the electron 

v = velocity of the electron after emission 

h = Planck’s constant 

ν = frequency of the incident radiation 

φ= work function 

This phenomenon became known as the photoelectric effect. For his ingenious explanation, 

Einstein was awarded the Nobel Prize in 1921 – not for his relativity theory, which at this 

time was still highly controversial. 

Unconvinced by Einstein’s explanation, the experimental physicist Robert Millikan 

conducted experiments in order to demonstrate that the theory was incorrect. However, 

after years of experiments Millikan had to conclude that Einstein’s assumption was  

indeed correct. In the course of these efforts, he was able to determine the value of 

Planck’s constant to an accuracy of 0.5%. 

2. THE INNER PHOTOELECTRIC EFFECT

The inner photoelectric effect is the term for a phenomenon, discovered later, which 

occurs in semiconductors. When electrical energy is supplied to certain semiconductors, 

photons are released (LED) or, when photons impact the surface of other semiconductors, a 

voltage is generated (photocells, photodiodes, phototransistors, photovoltaics etc.) To 

maintain the distinction between the two kinds of photoelectric effect, the traditional 

effect is now known as the outer photoelectric effect.  

3. WHICH PHOTOEFFECT IS “BETTER”?

If either experiment can be performed equally easily, the outer photoelectric effect is 

clearly to be preferred for secondary or undergraduate students, since: 

 The outer photoelectric effect is easier to explain and comprehend.

 By means of the outer photoelectric effect, students can additionally become

acquainted with the important concept of the work function.

 The outer photoelectric effect can be used to explain the quantum nature of

light and Einstein’s explanation.

 The effect can be explained and demonstrated without any (or only insignificant)

simplifications.

 Conditions within a semiconductor are highly complex; many details need to be

simplified in order make these processes understandable. Simplification easily

leads to conceptual errors.

 Once the outer photoelectric effect has been grasped by performing the experiment,

the inner effect will also be easier to explain.
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4. THE CLASSIC EXPERIMENT

In the classic method of investigating the photoeffect and measuring Planck’s constant, the 

cathode of a vacuum photodiode is exposed to light from a spectral lamp with several 

strong emission lines at conveniently-spaced wavelengths. Mercury discharge lamps 

have traditionally been chosen. The light beam is successively filtered using appropriate 

narrow bandwidth filters so that a series of monochromatic light beams strikes the cathode 

in succession. 

When the energy of the electrons of the incident radiation is high enough (e.g. for 

ultraviolet radiation), electrons (e-) are ejected from the cathode (photoemission). 

These electrons possess kinetic energy, and move towards the anode of the photocell. 

If we then connect the anode of the photocell with the cathode through a sensitive 

ammeter, we observe that a current—a “photocurrent” - flows as a result of this 

arrangement and is independent of light intensity. Now a variable voltage source of 

reverse polarity, i.e. cathode positive (+) and anode negative (-), is added to the circuit 

(see Figure 2). When the voltage is gradually increased, the amount of photocurrent 

measured by the ammeter (A) decreases and becomes zero below a certain voltage level, 

which is measured by the voltmeter (V). This voltage level, termed the “stopping 

potential”  (Vstop), depends only on the cathode material and the wavelength of the 

radiation, not, however, on its intensity (as shown by Lenard’s experiments). The kinetic 

energy (½mv2) required for an electron ejected from the cathode to just reach the anode 

against the opposing electric field is  equal to eVstop. 

Thus Einstein’s equation becomes: 

E = ½mv2 = eVstop = hν − φ (Equation 1)

E = electron kinetic energy after emission 

m = mass of the electron 

v = velocity of the electron after emission 

e = elementary charge ( e = 1.6 x 10−19C = 1.6 x 10−19 As ) 

Vstop = stopping potential 

h = Planck’s constant ( h = 6.626 x 10−34 Js ) 

ν= frequency of the incident radiation 

φ= work function of the cathode material 

Figure 2 




