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Find the anode radius as a function of Ec and J by finding the value of R where dR/dτ = 0. 
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Equation 8.84 is expressed as a pair of simultaneous

first-order equations.

This calculation is for a diode that is cut off so that equal

and opposite currents Jc flow.
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Find normalised cathode current Jc for given Ra and Ec
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Find the envelope of the minimum value of Ec for a given Ra
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Calculate J for values of Ec decreasing from 0.25

until a point is reached where there is no solution 
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Ec 0 0.01, 0.3..:= RRa 1 1.1, 2..:=

0 0.1 0.2 0.3
0

0.2

0.4

0.6

0.8

1

Ra = 1.2

Ra = 1.4

Ra = 1.6

Ra = 1.8

Ra = 2.0

Envelope

E'c

J'
c

Compare Figure 8.12 which is a copy of the figure in Falkner's paper.

Note that it takes a long time to compute this figure so it may be

disabled if it is not required.

As the cathode current is increased for fixed anode radius the

electric field at the surface of the cathode falls. Thus the points on

the envelope curve represent space-charge limitation. 
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Langmuir's equations for space-charge limited flow.

γ R( ) ln R( ):=  Equation 5.69 

βA R( ) γ R( ) 0.4 γ R( )
2

⋅− 0.0916667 γ R( )
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⋅−:=  Equation 5.71 
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Calculate the radial current in a cut-off diode normalised to the Child-Langmuir current. When R tends to unity the

ratio must tend to that for a planar diode.
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Investigate the effect of different choices of parameters on the space-charge hub in a cut-off diode

The normalised cathode field and cathode current may be set to the values for space-charge limitation or other values as desired.

Normalised radius of the hub Rb 1.6:=

For first order trajectories the minimum cathode field and the space-charge limited cathode current are 

Ec Rb( ) 0.20400= J1 Rb( ) 0.56817=

Normalised cathode field Ec 0.20400:= Corresponding normalised cathode current Jc Rb Ec, ( ) 0.568=

Normalised cathode current Jc 0.56817:=
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Solve the differential equation for the electron motion. The columns of the solution matrix Y are, in order: τ, R, dR/dτ
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Normalised charge density as a function of radius

The normalised charge density is represented by  
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Normalised hub charge per unit length
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Note:

The last sentence of the first paragraph on p. 307 of the book is incorrect.

The graph to the left shows the charge in a first order hub is always less

than or equal to that in a zero order hub. The flux of the electric field

external to the hub is the same in both cases. But, because the flux of the

electric field on the surface of the cathode is non-zero in a first order hub,

the application of Gauss' Theorem shows that the hub charge must be

reduced in that case.
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