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rises so rapidly that, despite fluctuations in the two peaks, 
the transition takes only a few days. Similarly the transi­
tion from UT-control to LT-comrol is due to a rapid 
diminution of the UT peak. 

Certainly this theory does appear to explain the rapid 
changeover observed at the six Antarctic stations but not 
the behaviour at Campbell Island. One possible reason for 
this may be that the UT peak observed at Campbell Island 
is purely a wind effect (since it may be too far north to 
receive sufficient particle precipitation and. in addition, 
the height of mirror points is at a maximum for the L = -l 
L-shell in the vicinity of Campbell Island) while that 
observed at the other six stations is caused by a combina­
tion of winds and particles. Since winds are caused by 
pressure differences due to differences in temperature and 
since exospheric temperatures are not symmetrical about 
the solstices. this may explain why the changeover dates 
at Campbell Island are not symmetrical about the sol­
stices. Particle precipitation. on the other hand. may de­
pend on the configuration of the Earth's magnetic field. 
which would tend to be symmetrical about the solstices. 
However, in order to verify this a detailed analysis of 
particle precipitation belts is required together with more 
reliable wind measurements. 
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Methods of scaling Whistlers 
in the Absence of the 
Initiating Sferic 
and Nose Frequency 

Four methods of scaling whistler sonagrarns in the absence of 
initiating sferic and nose are compared. 11 is concluded that, while 
all give acceptable results, the method of Ho & Bernard (1973) is 
most economical of computer time and scaling time. 

Introduction 
Whistler sonagrams arc commonly used in order to obtain 
information about the electron density in the plasma­
sphere (He/lill'e/1 , 1965). If a suitable model is assumed. a 
knowledge of the nose frequency and position of the 
initiating sferic for each whistler trace allows the L value 
of the duct in which the whistler has propagated. and the 
electron density distribution in the duct to be deduced 
(Park, 1972). Frequently both initiating sferic and nose 
are absent on the trace and recently there has been great 
interest in curve-fitting techniques for deducing the posi­
tion of the sferic and the nose frequency (Rycroft & 
Mathur, l973;Ho & Bernard, 1973). These are based on 
one of two fitting formulae (Doll'den & All cock, 1971: 
Bernard, 1973). 

In this paper four methods of deducing the nose fre­
quency and sferic position arc discussed and compared. 
The methods are tested on synthetic data computed from a 
model plasmasphere. All methods give similar results and 
the choice of method is a matter of convenience. It is 
concluded that the most economical of computer time and 
manpower is that of Ho & Bernard ( 1973) with a 
modification which makes more efficient use of the data 
available. This method is now in use for scaling data from 
Sanae, Antarctica. 

The whistler group delay and 
plasmasphere models 
Whistlers which have travelled in ducts in the plasma­
sphere have a time delay which is frequency dependent. 
The expression for the delay, T. is ( H e/liwe/1 . 1965. 
p. 182) 

- 2 f- 1/'.! f f:-;fH 
7' - c (f _ f):v'l ds 

path H 

(l) 

where f is the wave frequency. f, the plasma frequency. fH 
the electron gyrofrequency and c the free space speed of 
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Vier metodes om sonagramme van fluiters in afwesigheid van 
misierende sferieksteuring en neusfrekwensie te skaleer, word 
vergelyk. Alhoewel met a/ die metodes aanvaarbare resultate 
verkry word, blyk die metode van Ho & Bernard (1973) wat re­
kenaartyd en skaleertyd betref die voordeligste te wees. 

light. The integral is taken along the path, with ds the 
element of path length. The quantities f.., and fH are func­
tions of s. The dispersion D = T \ f, is a parameter 
frequently used. 

In standard methods of data reduction approximations 
are made to this law and whistler traces are analysed on the 
basis of assumed models. lt is normally assumed that the 
earth· s magnetic field is that of a centred dipole and that 
the plasmasphere is in ambipolar diffusive equilibrium. 
with ions and e'lectrons constrained to move along the 
magnetic field lines (Angerami & Thomas, 1964). 

In this paper synthetic whistlers have been computed 
from equation (I) by evaluating the integral using 
Simpson's rule. These have then been scaled by different 
techniques. and the results compared. The model used 
was that of Rycroft & Alexander ( 1969) for winter night. 
It is a diffusive equilibrium model which is representative 
of average conditions in the plasmasphere. It is assumed 
that a duct exists at intervals of 0,5 in L between L = 2.5 
and L = 6. Some of the resulting synthetic whistlers are 
shown in Fig. I and may be compared with a typical 
sonagram from Sanae shown in Fig. 2. 

Fitting formulae for the whistler group 
delay 
The formula of Dowden & Allcock 

On empirical grounds Do11·den & Allcock ( 1971) have 
proposed that Q. the reciprocal of the dispersion. is linear 
in f. This leads to an expression for delay of the form 

I Do 
7' = To + yf l=f/afn 

(2) 

or 
I 

Q <= (T - To) \ f) = Do (I - f afn) (3} 
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Here D0 is the zero order dispersion (Storey 1953). T 
0 

the 
position of the initiating sferic and f

0 
the nose frequency 

or frequency of minimum delay. This occurs where 
dT/df =0 which condition gives 

a= 3. 
On statistical grounds, by scaling real data, Dowdcn 

and Allcock obtained a value a= 3, I ± 0.04. The l!lightly 
higher value for a can be regarded as a correction for 
non-linearity of Q(f), averaged for the conditions which 
they were considering. 

It is of interest to investigate the theoretical reason for 
the excellent fit to experimental data of equation (2). 
Storey ( 1957) has expanded the integral in equation (I) in 
powers off to give for the dispersion an expression of the 
form 1 

D = (2c)- 1 f (fN/f H2
) {1 - (3/2) (f/fn) + 

(15/8) (f/fH)2 + ... } ds 
1 a 

= (2c)- 1 
{ f (f"/f n2

) ds - (3f/2) f (fN/f H'i. ds) + 
5 

(15f~/8) f (fN/fH2) ds + ... } 
= (2c)-1 {I0 - (3/2) I1 (f/fnE) + 

(15/8) 12 (f/fHE)2 + ... } (4) 

where fHE is the gyrofrequency on the path at the equator. 
and 10 , 11 , and 12 are given in the appendix. 

For f « f0 this approximation is very good but for values 
of f- f0 many terms are needed. The expression (3), how­
ever, is an excellent approximation over a wide range of 
frequencies. The reason for this can be seen if we regard 
fN /fH •/2 as a weighting function and express I 

1 
and 1

2 
in 

terms of 10 and weighted values of I /fH and I /t~ 2: 

11 = (f~) Io 

J2 = (~) Io. 
fi-r 

If equation (4) is inverted we get 

2c { 3 I1 ( f ) 
Q = I;;- 1 + 2 I;;- fnE + 

18Ii- 15Iol2 ( ~)2 + ... } 
8J~ \[HE 

= 2c { 1 + ~ (_!_) ~ -r ~ [61_!_)2 
lo 2 fn fHE 8 \fn 

( 
I )J f 2 5 fi1 (fnE) _L .. • } 

(5) 

The quantities (f~t and (f~) 
are positive and do not differ very much in magnitude for all 
reasonable distributions so that the coefficient of the term in 
(f/fHE)2 is very small in equation (5). This is not the case in 
equation (4). In the appendix some computations of the size 
of the coefficients 

18 Ii- 15 Iol2 and 1512 

8 I~ 81o 

are presented for a typical model. These show it to be very 
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delay (s) 

Fig. I. Synthetic whistlers computed in a model iono~phcre 
(Rycroft and A lexander model 4). The parameter be~idc each 
curve is the value of L. 

small compared with unity and with 31 1/21
0

• 

We thus see that there is a good reason for the fact that 
the Dowden and All cock formula is a good approximation 
to the whistler dispersion law. 

Bernard's formula 

Bemard ( 1973) has suggested a formula of the form 

D - Do fRE - Af (6) 
faE- f 

where D0 is the zero order dispersion and 
3 An- 1 

fRo = fn/An, A = An (1 + An)' An = fn/fHE· 

This he justifies theoretically and it provides a good fit 
over a wide range of parameters. 

Techniques of whistler analysis 
In all the techniques of this section it is assumed that 
initiating sferic and nose are both absent. 

Method of Ho & Bernard (1973) (Method J) 

Here Bernard's fitting formula (6) is used. A value is 
assumed for An and A. The time delay referred to an 

Table 1 

L 311/210 15 12/8 10 

18 12- 151012 
8 12 

1.5 1.080 0,996 0.171 
2.0 0,874 0.746 0.017 
1.5 0.798 0.677 -0,040 
3.0 0.767 0.654 -0,065 
3,5 0.755 0.648 -0,077 
4.0 0,752 0.649 -0.083 
4.5 0.753 0.652 - 0,085 
5.0 0.756 0.657 - 0,085 
5,5 0.760 0.662 -0,085 
6.0 0,764 0.667 -0,084 
6.5 0,768 0,673 -0,082 
7.0 0.772 0,676 - 0,080 
7.5 0,777 0.682 - 0,079 
8.0 0.780 0.686 - 0,077 
8.5 0.784 0.690 -0,075 
9,0 0.787 0.694 -0.074 
9.5 0.790 0.697 -0.072 

10.0 0.793 0.700 -0.071 -
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Fig. 2. Typical whistler sonagram from Sanae. 

arbitrary origin is then 

Do 
T = To + y'f {I - f/3,1 fn} 

Here T 0 is the unknown sferic position. Thus there are 
three unknown parameters. D0 . fHE' and T 0 . Method I 
requires the measurement of three experimental pairs of 
values. ( r ,f). The three equations are solved to give the 
three unknown parameters and hence T 0 and fn. 

Method of Rycroft & Mathur (1973) (Method 2) 

In this method fitting formula (2) is used. A position is 
assumed for the sferic and from a set of n data points (T

1
, 

fj). With the assumption that T 0 is zero, a linear least 
squares fit to equation (3) is made. The process is repeated 
for various sferic positions and that value of T 0 which 
minimizes the standard error of the gradient selected. 

Method 3 
This previously unpublished method uses equation (2) 
directly. This involves a non-linear least squares fit. The 
quantity to be minimized is 

n { 1 Do }2 
}; Tj- To - ---;:--;;-~~ 

i= 1 v'ft 1 - ft/3,1 fn 

where there are n pairs of data points (T
1

• f;). This can be 
regarded as a surface in the parameter space { T 0 . D0 . f....}. 
Standard techniques for a numerical search for the minima 
of this function exist(Be,•ington, 1969). These are used to 
give values for the parameters that fit best and for an 
estimate of the error in each parameter. For a multiple­
path whistler, where there arc many traces arising from a 
single lightning flash. a significant improvement can be 
made by taking note of the fact that the sferic position is 
the same for each trace. The value of T 0 is obtained 
independently for each trace together with its standard 
deviation. A weighted mean value is then found forT 0 and 
the record rescaled using a linear fit of the data to equation 
(3). 

Method 4 

This is an extended version of method I . For each trace in 
a multi-path whistler a value ofT 0 is obtained by method 
I. Unlike method 3 there is no estimate of the standard 
deviation . ft can. however. be assumed that the fractiona l 
error is the same in each case. This leads to the assumption 
that the absolute error in T 0 is proportional to the value of 

Sanae lltvfi 73 
1848h411 

29 

; 

the delay at the nose. A mean value ofT 0 is found with 
weights proportional to T , - 2 and the data rescaled by 
Bernard' s ( 1973) method. This is a more efficient use of 
the data than in the original method of Ho & Bemard 
(1973). 

Results and conclusions 
The methods described above have been applied to find 
the nose frequency and sferic position for each of the 
synthetic whistlers of Figure I. Some results are shown in 
Table 2. It will be noted that all give consistent and 
satisfactory results here and this appears generally to be 
the case. Although in this particular example the sferic 
position obtained by method 4 does not appear as good as 
that obtai ned by other methods, the reverse is true in other 
examples, and there is no clear advantage for any of the 
methods on the grounds of accuracy alone. A decision on 
suitability can thus be made on grounds of convenience. 
The following general statements can be made: 

(i) Method I (and hence method 4) requires relatively 
little scaling time. Only three points need be read 
from each trace as compared with I 0 to 20 for 
methods 2 and 3. 

(ii) Method 2 (and method 4) require substantially less 
computer time. Method 3 is very expensive on com­
puter time. 

(iii) Method 3 gives an estimate of the statistical error 
involved in the scaling and is the only one which does 
so. This error turns out to be much smaller than the 
estimated systematic errors due to the assumption of 
particular parameters for the model (Park. 1972). It 
thus does not seem worthwhile for routine analysis. 

(iv) All methods appear to give consistent results when 
applied to real data from Sanae. 

(v) Method 4. unlike method I. uses the extra informa­
tion available through the knowledge that the sferic 
position is the same for each trace of a multi-path 
whistler. 

We conclude therefore. that the best method for routine 
analysis is method 4 (modified from Ho & Bemard. 
1973). This method is now being applied in this labora­
tory for routine analysis of whistlers. 
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Here D0 is the zero order dispersion (Storey 1953). T 
0 

the 
position of the initiating sferic and f

0 
the nose frequency 

or frequency of minimum delay. This occurs where 
dT/df =0 which condition gives 

a= 3. 
On statistical grounds, by scaling real data, Dowdcn 

and Allcock obtained a value a= 3, I ± 0.04. The l!lightly 
higher value for a can be regarded as a correction for 
non-linearity of Q(f), averaged for the conditions which 
they were considering. 

It is of interest to investigate the theoretical reason for 
the excellent fit to experimental data of equation (2). 
Storey ( 1957) has expanded the integral in equation (I) in 
powers off to give for the dispersion an expression of the 
form 1 

D = (2c)- 1 f (fN/f H2
) {1 - (3/2) (f/fn) + 

(15/8) (f/fH)2 + ... } ds 
1 a 

= (2c)- 1 
{ f (f"/f n2

) ds - (3f/2) f (fN/f H'i. ds) + 
5 

(15f~/8) f (fN/fH2) ds + ... } 
= (2c)-1 {I0 - (3/2) I1 (f/fnE) + 

(15/8) 12 (f/fHE)2 + ... } (4) 

where fHE is the gyrofrequency on the path at the equator. 
and 10 , 11 , and 12 are given in the appendix. 

For f « f0 this approximation is very good but for values 
of f- f0 many terms are needed. The expression (3), how­
ever, is an excellent approximation over a wide range of 
frequencies. The reason for this can be seen if we regard 
fN /fH •/2 as a weighting function and express I 

1 
and 1

2 
in 

terms of 10 and weighted values of I /fH and I /t~ 2: 

11 = (f~) Io 

J2 = (~) Io. 
fi-r 

If equation (4) is inverted we get 

2c { 3 I1 ( f ) 
Q = I;;- 1 + 2 I;;- fnE + 

18Ii- 15Iol2 ( ~)2 + ... } 
8J~ \[HE 

= 2c { 1 + ~ (_!_) ~ -r ~ [61_!_)2 
lo 2 fn fHE 8 \fn 

( 
I )J f 2 5 fi1 (fnE) _L .. • } 

(5) 

The quantities (f~t and (f~) 
are positive and do not differ very much in magnitude for all 
reasonable distributions so that the coefficient of the term in 
(f/fHE)2 is very small in equation (5). This is not the case in 
equation (4). In the appendix some computations of the size 
of the coefficients 

18 Ii- 15 Iol2 and 1512 

8 I~ 81o 

are presented for a typical model. These show it to be very 
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small compared with unity and with 31 1/21
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We thus see that there is a good reason for the fact that 
the Dowden and All cock formula is a good approximation 
to the whistler dispersion law. 

Bernard's formula 

Bemard ( 1973) has suggested a formula of the form 

D - Do fRE - Af (6) 
faE- f 

where D0 is the zero order dispersion and 
3 An- 1 

fRo = fn/An, A = An (1 + An)' An = fn/fHE· 

This he justifies theoretically and it provides a good fit 
over a wide range of parameters. 

Techniques of whistler analysis 
In all the techniques of this section it is assumed that 
initiating sferic and nose are both absent. 

Method of Ho & Bernard (1973) (Method J) 

Here Bernard's fitting formula (6) is used. A value is 
assumed for An and A. The time delay referred to an 
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Fig. 2. Typical whistler sonagram from Sanae. 

arbitrary origin is then 

Do 
T = To + y'f {I - f/3,1 fn} 

Here T 0 is the unknown sferic position. Thus there are 
three unknown parameters. D0 . fHE' and T 0 . Method I 
requires the measurement of three experimental pairs of 
values. ( r ,f). The three equations are solved to give the 
three unknown parameters and hence T 0 and fn. 

Method of Rycroft & Mathur (1973) (Method 2) 

In this method fitting formula (2) is used. A position is 
assumed for the sferic and from a set of n data points (T

1
, 

fj). With the assumption that T 0 is zero, a linear least 
squares fit to equation (3) is made. The process is repeated 
for various sferic positions and that value of T 0 which 
minimizes the standard error of the gradient selected. 

Method 3 
This previously unpublished method uses equation (2) 
directly. This involves a non-linear least squares fit. The 
quantity to be minimized is 

n { 1 Do }2 
}; Tj- To - ---;:--;;-~~ 

i= 1 v'ft 1 - ft/3,1 fn 

where there are n pairs of data points (T
1

• f;). This can be 
regarded as a surface in the parameter space { T 0 . D0 . f....}. 
Standard techniques for a numerical search for the minima 
of this function exist(Be,•ington, 1969). These are used to 
give values for the parameters that fit best and for an 
estimate of the error in each parameter. For a multiple­
path whistler, where there arc many traces arising from a 
single lightning flash. a significant improvement can be 
made by taking note of the fact that the sferic position is 
the same for each trace. The value of T 0 is obtained 
independently for each trace together with its standard 
deviation. A weighted mean value is then found forT 0 and 
the record rescaled using a linear fit of the data to equation 
(3). 

Method 4 

This is an extended version of method I . For each trace in 
a multi-path whistler a value ofT 0 is obtained by method 
I. Unlike method 3 there is no estimate of the standard 
deviation . ft can. however. be assumed that the fractiona l 
error is the same in each case. This leads to the assumption 
that the absolute error in T 0 is proportional to the value of 
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the delay at the nose. A mean value ofT 0 is found with 
weights proportional to T , - 2 and the data rescaled by 
Bernard' s ( 1973) method. This is a more efficient use of 
the data than in the original method of Ho & Bemard 
(1973). 

Results and conclusions 
The methods described above have been applied to find 
the nose frequency and sferic position for each of the 
synthetic whistlers of Figure I. Some results are shown in 
Table 2. It will be noted that all give consistent and 
satisfactory results here and this appears generally to be 
the case. Although in this particular example the sferic 
position obtained by method 4 does not appear as good as 
that obtai ned by other methods, the reverse is true in other 
examples, and there is no clear advantage for any of the 
methods on the grounds of accuracy alone. A decision on 
suitability can thus be made on grounds of convenience. 
The following general statements can be made: 

(i) Method I (and hence method 4) requires relatively 
little scaling time. Only three points need be read 
from each trace as compared with I 0 to 20 for 
methods 2 and 3. 

(ii) Method 2 (and method 4) require substantially less 
computer time. Method 3 is very expensive on com­
puter time. 

(iii) Method 3 gives an estimate of the statistical error 
involved in the scaling and is the only one which does 
so. This error turns out to be much smaller than the 
estimated systematic errors due to the assumption of 
particular parameters for the model (Park. 1972). It 
thus does not seem worthwhile for routine analysis. 

(iv) All methods appear to give consistent results when 
applied to real data from Sanae. 

(v) Method 4. unlike method I. uses the extra informa­
tion available through the knowledge that the sferic 
position is the same for each trace of a multi-path 
whistler. 

We conclude therefore. that the best method for routine 
analysis is method 4 (modified from Ho & Bemard. 
1973). This method is now being applied in this labora­
tory for routine analysis of whistlers. 
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Table 2 

Comparison of the nose frequency and sferic position computed by each of the methods in this paper. The 
actual sferic position is -0,5 s. 

Nose frequency (kHz) 

L Actual Method 
1 2 3 

2,5 20,5 17 ,2 15 ,7 15,5 
3,0 12,0 10,7 11 ,8 11,0 
3,5 7,6 7,6 7,4 7.4 
4,0 5,1 5,1 4,9 5,0 
4 ,5 3,6 3,6 3.4 3,5 
5,0 2,6 2,6 2,5 2.5 
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Sferic Position 

Method 
4 1 2 3 4 

17,2 -0,51 -0,55 
11 ,2 - 0,54 -0,51 
7,4 -0 ,45 - 0,56 -0,55 -0,37 
5. I -0,39 - 0,65 ±0,0 1 ± 0.06 
3,6 -0,21 -0,86 
2.6 -0,10 - 1,22 

Appendix 
If we adopt a typical diffusive equilibrium model for the 
plasma frequency. and dipole field variation for the gyro­
frequency. then we may write 

fN = fNE e2,5 1LC.:os2~ 

and 
fH = fHE (4 - 3 cos2 B)112jPcoss B 

where fNE and fH E are the values off/\ and fH at the magnetic 
equator on the field line defined by L. 
Then, noting that 

ds = aL (4 - 3 cos2 B)112 

dB ' 
the quantities 10 , I 1, I 2 in equation 5 may be written 

A' 
Io = fNE a f 

0 
cos4B (4 - 3 cos2B)t/4 

exp (2,5/L cos2B) dB 
A' 

11 = fNE a f 
0 

cos10B(4 - 3 cos2B)-1/4 

exp (2,5/L cos2B) dB 
A' 

I 2 = fNE a f
0 

cos16B(4 - 3 cos2B)-5/4 

exp (2,5/ L cos2B) dB 

where cos A' = 1,07JUI2 and A' is the latitude where 
the field line reaches an altitude of I 000 km. These 
have been evaluated by Simpson's rule and the quanti­
ties 311/210 , and (18Ii - 15 Iol 2)/8 15 are shown in 
Table I. It will be observed that in the Storey expansion 
the coefficients of the first and second order terms are of 
order unity while for the Dowden and Allcock expansion 
the second order coefficient is about 0 , I of the first order 
coefficient. Of course this calculation omits the contribu­
tion of the ionosphere below I 000 km to the dispersion . 
This is usually handled by using a simple correcting tenn 
such as that due to Park ( 1972). 

A condition for the whistler to be ducted is that f < 
1h t~E (Smith . 196 I), thus the maximum size of the second 
order te1m in the Dowden and Allcock expansion is 0,25 
of the coefficient i.e. a maximum error of only 2% is 
introduced over a very wide range ofL values if this term 
is ignored. For the Storey expansion this maximum error 
is of the order of 20%. If we take the nose frequency as 
being typically 0 ,3fHE we see that the error at the nose is 
0,8%. 

(Received 16 September 1974) 
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A Television System 
for Auroral Cinematography 
at Sanae, Antarctica 

A television system has been developed which incorporates a 
silicon-intensifier target camera tube for c inematography at very 
low light levels. Operated at exposures of 0,02 second th is system 
has the necessary sensitivity, angular resolution and dynamic 
range to record fine temporal, spatial, and subvisual features of 
auroral displays. 

Introduction 
Different techniques used to study precipitating electrons 
of various energies have different degrees of ability to 
distinguish between temporal and spatial fl uctuations. For 
example with balloon-borne detectors one can study 
purely temporal variations of higher energy electrons by 
detection of the bremsstrahlung X-rays which they pro­
duce during their deceleration in the atmosphere, but 
since the effective target area is - 100 km diameter, 
smaller spatial changes cannot be examined. With 
satellite-borne detectors that move at some 8 km s-1 it is 
extremely difficult even to distinguish between temporal 
and spatial changes. A similar problem is generally en­
countered in rocket-borne measurements. 

The morphology of low-energy electron precipitation 
patterns can be studied from ground-based recordings of 
the auroral optical emissions which they produce . Al­
though photometers have been used successfully, any 
data obtained must be interpreted in terms of the field of 
view employed, since photometers can measure only the 
average luminosity within this field. For example if the 
photometer sees several pulsating surfaces within its field 
of view and if the pulsations from adjacent patches vary in 
phase or frequency then the record would become con­
fused and short-period fluctuations of the weak features 
would be lost. Again if a sub-visual patch, which is not 
pulsating, drifts through the field of view of the photome­
ter this could be interpreted from the output of the photo­
meter as being a pulsation of an auroral form. 

The spatial and temporal ambiguities discussed above 
do nor arise in systems employing very sensitive photo­
electric devices for high-speed imaging of auroral emis­
sions with exposures of a frac tion of a second (Davis, 

1 966; Scourfield & Parsons, 1969). The system described 
in this paper is based on such a device, namely a 
silicon-intensifier target tube. 

31 

M. W. J. Scourfield 
and 

G.R. Linscott 

Department of Physics, 
University of Natal, Durban 

'n Televisiestelsel wat van 'n beeldversterker met 'n silikonskyf 
en kamerabuis vir kinematografie by baie swak Jig gebruik maak, 
is ontwikkel. Hierdie stelsel beskik vir opnames van auroras by 
blootstel/ingstye van 0,02 sekonde oor die nodige sensitiwiteit, 
hoekoplossing en dinamiese bereik om geringe subvisuele ver­
anderinge in fyn ruimtelike en tydafhanklike detail te registreer. 

Photoelectric and Photographic Image 
Detection 
Failure to reach ideal picture quality is partly due to 
sources of noise, e.g. statistical fluctuations resulting 
from the quantum nature of light, detector dark current 
and emulsion fog in the case of photography. However, a 
large contribution to this failure is the fact that not all of 
the incident photons produce a recorded event, i.e. the 
quantum efficiency of the detection process is considera­
bly less than unity. A typical photographic emulsion 
effic iency is 0, [6% (Webb, 1948) whilst good photo­
cathodes give efficiencies of from 10% to 20%. There­
fore, for the same optical image falling upon an emulsion 
and a photocathode the latter should retain approximately 
100 times the infonnation retained by the emulsion. 

Furthermore, the only energy available for emulsion 
exposure is that of the incident photon. A photon incident 
on a photocathode however, liberates a photoelectron 
which can. by acceleration, be given an energy much 
greater than that of the incident photon . This amplification 
of the incident energy allows a corresponding reduction in 
the integration time required to produce a usable image, 
and is in fact the basis on which the tube, described below, 
operates. 

Silicon-Intensifier (SIT) Camera Tube 
The SIT tube, which is responsible for the high light gain 
in the TV system under consideration. is an Amperex 
S50XQ. A cross-sectional view of this tube is shown in 
Fig. 1. 

An optical image is brought to a focus upon a ftat image 
plane (useful diameter 25 mm) which is optically coupled 
to an S-20 photocathode by high quality fibre-optics. The 
flux of photoelectrons from the photocathode is energized 




