
2 
 

 

 
 

CRO 
 

Gas-Filled Tubes 
 

 

 

 

OscilloscopeMicroscopeElectron

Electron Gun



3 
 

Free Electrons

Surface barrier



4 
 

work function

Thermionic Emission

Thermionic emission

Tungsten
2%

ThoriumBaBarium
SrStrontium

Richardson-
Dushman equation



5 
 

 

  

 

 

 

b1-1

 

 

 
 

 



6 
 

Field Emission

Field emission

cold cathode emission



7 
 

Secondary Emission

Secondary Emission

secondary electrons
Primary electrons



8 
 

Photo Electric Emission

photo electric emission

f h

 



9 
 

b

 

 

 

 

 

 

A
lD

 

 

 

 

Vacuum Tubes

Electrodes



10 
 

Diode

Triode

Tetrode

stray capacitance

Screen Grid



11 
 

Pentode

suppressor grid

1947


