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1 Fig. 6.1 shows a single photomultiplier tube and its internal components. The tube can detect 

gamma photons in high-energy physics experiments. 
A single gamma photon incident on the scintillator crystal generates many photons of blue 
light. These visible light photons travel to the photocathode where they are converted into 
photoelectrons. The number of electrons is then multiplied in the photomultiplier tube with the help 
of electrodes called dynodes. A short pulse of electric current is produced at the output end of the 
photomultiplier tube. 
 

 
Fig. 6.1 

 
(a) Fig. 6.2 shows a section through the scintillator crystal in air. 

 
 

 
 

Fig. 6.2 
 

(i) The refractive index of the scintillator crystal for visible light is 1.69. The refractive index 
of air is 1.00. Calculate the critical angle C for this crystal. 

 

C = ........................................................ ° [2] 
 

(ii) Explain why the visible light inside the scintillator crystal follows the path shown in 
Fig. 6.2. 

   [2] 



 
 

 

(b) A high energy gamma photon passing through the scintillator crystal converts some of its 
energy into visible light photons of mean wavelength 450 nm. 

 
Show that the energy of a single photon of wavelength 450 nm is less than 3 eV. 

[3] 
 

(c) The photocathode is coated with potassium which has a work function of 2.3 eV. Each emitted 
photoelectron is accelerated by a potential difference of 100 V between the photocathode and 
a metal plate, called the first dynode. 

 
(i) Show that the maximum kinetic energy of an emitted electron at the photocathode is very 

small compared to its kinetic energy of 100 eV at the first dynode. 

[1] 
 

(ii) 2000 photoelectrons are released from the photocathode. Each photoelectron has 
enough energy to release four electrons from the first dynode at the collision. These four 
electrons are then accelerated to the next dynode where the process is repeated. There 
are 9 dynodes in the photomultiplier tube. The total number of electrons collected at the 
anode for each photoelectron is 49. 

 
The pulse of electrons at the anode lasts for a time of 2.5 × 10−9 s. 

Calculate the average current due to this pulse. 

 
average current = ....................................................... A [3] 

 
 
 
 
 
 
 
 
Total Marks for Question Set 12: 11 
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