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Colour Television Standards 
THE forthcoming meeting of the C.C.I.R. at the end of this month in Vienna to discuss, 

and this time we hope define, colour TV standards serves as yet another reminder that 

although we in this country have now had high-definition "penny plain " television on 

and off for thirty years, "twopence coloured" is still just around the corner. It has been 

there for the best part of ten years, ever since the Radio Corporation of America and the 

National Broadcasting Company put forward the blue print which was subsequently 

approved and endorsed by the Federal Communications Commission. 
As an example of intellectual . boldness and practical engineering achievement it ranks 

with the pioneering work in Great Britain of Schoenberg and his colleagues at E.M.I. 

and Marconi on the 405-line black-and-white system and will stand as a monument to 

American technical enterprise in the middle of the 20th century. It has been adopted 

in those countries which now boast regular colour television services. 
With every incentive of commercial advantage and national pride as the spurs, no 

serious competitor has yet been found for the original shadow mask display device, 

though significant improvements have been evolved and proved in the coding and de­

coding circuitry which make the picture less vulnerable to transmission distortions. In 

particular the SECAM and PAL modifications developed in France and Germany respec­

tively have earned the approval of the broadcasting authorities in many European 

countries. There are other detailed refinements which, although not b(lcked by com­

parable publicity, carry sufficient ~erit to be included in any system in which the sponsors 

have a free hand to establish the service of their choice. 
Which brings us to the questions of whether they should have a free hand or whether · 

they must conform to a standard and if so, why? 
It is axiomatic that the characteristics of a television transmitter (plain or coloured) 

should be known and not changed without notice, as these will impose standardization 

of all the receivers within range. 
Beyond this further standardization may be convenient, but is not essential. As we 

extend our horizons for live (immediate) viewing the need for international standardization 

becomes more pressing (for the broadcasting authorities) but we are bound to ask if the 

fruits of such efforts as have been already made-immediacy in the occasional inter­

national song contest and some, but not all, of the broadcasts of Olympic games-are 

enough to justify many authorities in accepting a standard they do not like. Although 

tests under ideal conditions have shown that transmission of colour over long-distance 

circuits is possible, we doubt whether the quality can be maintained in day-to-day 

working with perhaps limited availability of the skilled personnel who conduct research 

demonstrations. One shudders to think what the present average black-and-white long 

distance hook-up with its frequent loss of sync, horizontal streaking, etc. will look like 

"in glorious Technicolor." 
If only we would forego immediacy and allow time (a few hours at most?) for the 

development and transport of colour transparencies, future colour standardization need 

be only that imposed by the film makers. Given this common ground is there any point 

in trying to impose a general European standard for retransmission at the terminal 

centres? Does it matter how many standards there are provided that the original master 

images in the medium used for exchanges are line-free? 
While feelings run high as the leading contenders near the receding winning post (now 

soon to be halted in Vienna?) may we suggest that in the event of a photo finish the 

stewards at this meeting should not declare a winner, but content themselves with 

recording the pedigree and form of the runners before returning them to their respective 

countries of origin to perform for the delight of the local inhabitants. 
If agreement on a common standard can be reached in Vienna, well and good; but if 

it cannot, that by itself is no reason why any European country should not have a 

technically first-class colour television service forthwith. 
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Diode Measurements 

SIMPLE METHODS FOR CHECKING CHARACTERISTICS OF LOWER SPEED DEVICES 

Bv J. B. DAN,CE, M;Sc. 

lLTHOUGH ·one might think that a tunnel diode 
fl characteristic could be plotted by employing the 

simple circuit · of Fig. 1, the use of such a circuit 
will almost always result in the tunnel diode either 
oscillating or switching across · a part of the characteristic. 
In either case the important negative resistance region 
(shown in Fig. 2) will be partly or entirely missed. This 
difficulty arises because at some parts of the characteristic 
there are three possible values of voltage for a particular 
current applied through the diode. In order to obtain 
the stability required for the plotting of the complete 
characteristic, the impedances used in the measuring 
circuit must be carefully chosen. 

Simple Testing 
Nevertheless the simple circuit ·of Fig. 1 can be used to 
obtain a general indication of a tunnel diode characteristic 
and to check that the diode under test has not been 
previously destroyed by heat or by excessive current. 
As the variable resistor R 2 is rotated to increase the 
potential across the diode, it will be found that the 
current increases relatively rapidly at first for potentials 
of the order of 0.05 volt. This is the region BC of the 
Fig. 2 characteristic. Quite suddeQly, as the applied 
potential is further increased, switching will occur to the 
region DE. At this instant the potential across the diode 
rises to about 0.4 volt and at the same time the current 
falls somewhat owing to the circuit resistance. An 
approximate estimate of the diode peak current, Ip, can 
be obtained by noting the value of the current .passing 
immediately before switching occurs and by multiplying 
this current by a factor of about 1.05. This factor is 
required, since it is not normally- possible to reach the 
peak of the characteristic with the simple circuit of Fig. 1. 
As the peak is approached a stray noise pulse will cause 
switching to the DE region of Fig. 2. The voltmeter, 
V, should, of course, be a high-impedance instrument 
if the peak current of the diode is relatively small; a 
digital voltmeter is ideal. 

While carrying out this test, care must be taken to 
ensure that the current passing through the diode does 
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Fig. 1. Simpie circuit for plotting tunnel diode characteristics. 
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not exceed the maximum value recommended by the 
manufacturers. This is often of the order of 10 Ir. 
Thus some tunnel diodes with an IP value of 1 rnA 
should not be allowed to pass more than 10 rnA. 

The reverse characteristic can also be plotted using the 
circuit of Fig. 1. Even greater care is necessary to 
prevent the maximum current rating being exceeded 
than when the forward characteristic is being examined, 
since in some cases the maximum current rating can be , 
exceeded at an applied potential of less thim 0.1 volt. 

Another simple circuit which may be used to estimate 
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Fig. 2. Typical tuimef 
diode characteristic. 

the peak current of a tunnel diode is shown in Fig. 3. 
A half-wave rectified voltage is applied to the diode. 
As R1 is reduced, the maximum current passing through 
the diode in each alternate half cycle increases until the 
trace on the oscilloscope shows that the diode is switch- -
ing. The voltage across R at which this first occurs can 
be measured by means of the oscilloscope and hence the 
maximum current passing through R can be found. 
This is approximately equal to the tunnel diode peak 
current. 

Equivalent Circuit 
The conditions under which a tunnel diode is stable in 
the test circuit can be deduced from the small-signal 
equivalent circuit of the device; if these conditions are 
satisfied, the whole of the characteristic can be examined. 
In the negative resistance region of the characteristic, a 
tunnel diode may be represented by the small-signal . 
equivalent circuit of Fig. 4. The negative resistance, 
- r, is the reciprocal of the slope of the negative resistance 

.WIRELESS WORLD, MARCH 1965 

Tunnel Diode Measurements 

SIMPLE METHODS FOR CHECKING CHARACTERISTICS OF LOWER SPEED DEVICES 

By J. B. DANCE, ivi.so. 

ALTHOUGH one might think that a tunnel diode 
L characteristic could be plotted by employing the 

simple circuit of Fig. 1, the use of such a circuit 
will almost always result in the tunnel diode either 
oscillating or switching across a part of the characteristic. 
In either case the important negative resistance region 
(shown in Fig. 2) will be partly or entirely missed. This 
difficulty arises because at some parts of the characteristic 
there are three possible values of voltage for a particular 
current applied through the diode. In order to obtain 
the stability required for the plotting of the complete 
characteristic, the impedances used in the measuring 
circuit must be carefully chosen. 

not exceed the maximum value recommended by the 
manufacturers. This is often of the order of 10 I,.. 
Thus some tunnel diodes with an Ip value of 1 mA 
should not be allowed to pass more than 10 mA. 

The reverse characteristic can also be plotted using the 
circuit of Fig. 1. Even greater care is necessary to 
prevent the maximum current rating being exceeded 
than when the forward characteristic is being examined, 
since in some cases the maximum current rating can be 
exceeded at an applied potential of less than 0.1 volt. 

Another simple circuit which may be used to estimate 

Simple Testing 
Nevertheless the simple circuit of Fig. 1 can be used to 
obtain a general indication of a tunnel diode characteristic 
and to check that the diode under test has not been 
previously destroyed by heat or by excessive current. 
As the variable resistor R2 is rotated to increase the 
potential across the diode, it will be found that the 
current increases relatively rapidly at first for potentials 
of the order of 0.05 volt. This is the region BC of the 
Fig. 2 characteristic. Quite suddenly, as the applied 
potential is further increased, switching will occur to the 
region DE. At this instant the potential across the diode 
rises to about 0.4 volt and at the same time the current 
falls somewhat owing to the circuit resistance. An 
approximate estimate of the diode peak current, I,., can 
be obtained by noting the value of the current passing 
immediately before switching occurs and by multiplying 
this current by a factor of about 1.05. This factor is 
required, since it is not normally possible to reach the 
peak of the characteristic with the simple circuit of Fig. 1. 
As the peak is approached a stray noise pulse will cause 
switching to the DE region of Fig. 2. The voltmeter, 
V, should, of course, be a high-impedance instrument 
if the peak current of the diode is relatively small; a 
digital voltmeter is ideal. 

While carrying out this test, care must be taken to 
ensure that the current passing through the diode does 

NEGATIVE 1 RESISTANCE \>T REGION 

Fig. I. Simple circuit for plotting tunnel diode characteristics. 

Fig. 2. Typical tunnel 
diode characteristic. 

the peak current of a tunnel diode is shown in Fig. 3. 
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Fig. 3. Circuit for estimating peak current of diode. 
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Fig. 4. Small-signal equivalent Circuit in negative-resistance region 

of diode characteristic. 

region of the characteristic. The parameter C is the 

capacitance across the p-n junction of the diode. Both 

- r and C vary somewhat with the voltage applied to the 

diode. The negative resistance quoted in data sheets is 

the reciprocal of the maximum slope of the negative 

resistance region of the diode characteristic. Junction 

capacitance is normally measured in the valley region. 

The components R 8 and L 8 are the resistance and induct­

ance of the semiconductor material and of the leads which 

connect the junction to the external circuit. 

Stability Conditions 

T wo conditions must be satisfied if the tunnel diode is to 

be stable through the negative resistance region of the 

characteristic. The first condition to be discussed must 

be satisfied if switching is to be avoided, while the second 

condition is concerned with oscillation. 
If the diode under test is connected to a circuit of 

- relatively high internal resistance, the load corresponding 

to this resistance will cut the tunnel diode characteristic 

VOLTAGE 

Fig. 5. Load lines g1vwg (I ) 
unstable conditions. (2) stable 
conditions. 
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in three places, A, B and C in Fig. 5. Point B is unstable, 

· since any increase in the potential across the diode will 

result in a smaller current passing through it . A still 

larger voltage will therefore appear across the diode owing 

to the internal resistance of the supply. Thus the effect 

of a small change is cumulative and the diode will quickly 

switch from B to ·either A or C. In order to avoid this 

switching instability, the effective resistance connected 

across the diode must have a value such that the load line 

representing the resistance cuts the diode characteristic at 

only one point. The load line marked 2 in Fig. 5 satisfies 

this condition. 
Switching will therefore not occur if the resistance 

connected across the tunnel diode junction is nume.rically 

less than - r. Thus if the total series resistance of the 

circuit is R, the condition,for the absence of switching is 

R < 1- rl Condition (I) 

R8 is usually much smaller than 1- rl; it is therefore 

approximately true to say that switching will not take 

place if the resistance connected across the diode terminals 

is less than 1- rl. 

Oscillation Conditions 

The maximum frequency at which a tunnel diode can 

oscillate may be calculated from the equivalent circuit of 

Fig. 4. The impedance, Z, across the diode terminals is 

given by:~ 

Z = R8 + .fwL8 + l 
jwC - r 

Separating the real and imaginary parts of this expres­

sion:-

Z ~ R,- +{w'C:+ ~}+jw{L,-
Oscillation will be sustained only if the real part of this 

expression is negative, that is, if 

R,<+{ w'C'l + :~} 
The maximum value of w which satisfies this condition, 

we, is thus given by:-

w - _!_ J_r - 1 
c- r C Rs 

The maximum possible frequency of oscillation is 

f c ~ 21rwc and is known as the resistive cut-off frequency. 

At higher frequencies the tunnel diode attenuates any 

small changes in potential, since its effective resistance is 

no longer negative. The resistive cut-off frequency 

cannot be measured experimentally. 
In practice the maximum frequency of oscillation may 

be limited by the minimum series inductance connected 

across the junction. The smallest value of series induct­

ance occurs when the diode leads are effectively shorted 

and equals L 8 • At this self-resonant frequency, the 

reactive part of the expression for Z becomes zero. 

Hence C 
Ls == ------:-

2 C 2 1 
w, + -rz 

or w ,,. = b J t~ - r\ 

F or some tunnel diodes the self-resonant frequency, f r, 

is less than f c· If such a device is placed in a case with 
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fig. 3. Circuit for estimating peak current of diode. 
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the reciprocal of the maximum slope of the negative 
resistance region of the diode characteristic. Junction 
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The components Rs and L, are the resistance and induct- 
ance of the semiconductor material and of the leads which 
connect the junction to the external circuit. 
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small changes in potential, since its effective resistance is 
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cannot be measured experimentally. 

In practice the maximum frequency of osculation may 
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Fig. 5. Load lines giving (1) 
unstable conditions, (2) stable 
conditions. 

For some tunnel diodes the self-resonant frequency, f ^ 
is less than/,. If such a device is placed in a case with 
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Fig. 6. Basic circuit of tunnel diode and its test equipment. 

lower inductance, however, it may be possible to reduce 
L s and hence to increase f r so that f r is greater than f c· 
In this situation the device is short-circuit stable. 

The basic circuit of a tunnel diode and its test equip­
ment is shown in Fig. 6. The tunnel diode equivalent 
circuit is shown on the left of the diode terminals A and B 
and the test circuit on the right of these points. R1 and L 1 represent the unavoidable resistance and inductance ot the 
connecting leads and may be added to R s and L,. The 
total series inductance and resistance in the circuit will 
be given the symbols L and R respectively. C 1 is the 
decoupling capacitor. If only alternating currents are 
considered, the series resonant circuit of Fig. 6 may be 
replaced by the equivalent parallel resonant circuit of 
Fig. 7. C 1 of Fig. 6 is normally much greater than the 
junction capacitance, C, and therefore the effective tuning 
capacitance differs little from C. This capaCitance is 
therefore shown in Fig. 7. 

Oscillation will occur if the dynamic load line cuts the 
diode characteristic in three places, th~t is, if the dynamic 

- !' 

Fig. 7. Parallel reson· 
nant circuit equivalent 
to series resonant cir­
cuit in Fig. 6. 

impedance of the tuned circuit of Fig. 6 exceeds J- r j(l>. 
Thus the dynamic load. line must be similar to that 
marked 1 in Fig. 5, but the static load line niust be 
similar to that marked. 2 if oscillation is to occur. The 
dynamic impedance of the tuned circuit of Fig. 7, Zl), is 
given by:-

2-rrjL 1 L 
Zn :--oc QXc = - R- . i :;;jC- RC 

For stability Zl> < i - r ] 
That is L < RC] - r ].. . ... Condition (2) 

If L is only slightly greater than RC j- rl, the oscilla­
tions are confined to the negative-resistance region and 
are approximately sinusoidal. If Lis large, however, the 
instantaneous diode voltage and current show excursions 
into the region where the diode resistance is positive and 
relaxation oscillations occur. 

If switching is to be avoided it is essential that the total 
series resistance of the circuit, R, shall not exceed 1- rl. 
On the other hand R should not be very much smaller 
than 1- rl or the circuit will not be sufficiently damped 
and the second condition will be more difficult to satisfy. 
The series inductance of the measuring circuit to which 
the tunnel diode is connected must be kept as small as 
possible. The circuit values .to be used for measuring 
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the characteristics of a tunnel diode will depend upon the 
· parameters of the diode itself. 

Practical Example 
Let us assume that it is required to determine the 
characteristics of an S.T.C. JK9B tunnel diode. The 
nominal peak current of this type of di.ode is 1 mA, 
the negative-resistance parameter has a minimum value 
of about - 110 ohms and the junction capacitance is 
about 25 pF. The circuit of Fig. 8 has been found 
suitable for plotting the characteristic (shown in Fig. 9) 
of diodes of this type. The value of the effective resistance 
connected in series with the tunnel diode terminals varies 
somewhat with the setting of R 2, but will normally be 
between the limits of 50 and 80 ohms over the negative-
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Fig. 8. .Arrangement used for plotting characteristics of Lype jK9B 
tunnel diode. 

resistance region of the tunnel diode characteristic. This 
satisfies Condition 1, but if oscillation is not to occur 

L < CRI- r i 
Assuming R is 50 ohms 

L < 25 X 10- ' 2 >< 50 >< ]- 120[ 
L < 0.15pH 

This condition that the total series inductance across the 
tunnel diode junction shall be less than 0.15 microhenry 
is not difficult to satisfy. The series inductance of the 
JK9B is of the order of L~ = 6 x 10-9 henry and is 
negligible compared with 0.15 microhenry. 
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Fig. 9. Characteristic 
of type JK9B tunnel 
diode. 
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about 25 pF. The circuit of Fig. 8 has been found 
suitable for plotting the characteristic (shown in Fig. 9) 
of diodes of this type. The value of the effective resistance 
connected in series with the tunnel diode terminals varies 
somewhat with the setting of R2, but will normally be 
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resistance region of the tunnel diode characteristic. This 
satisfies Condition 1, but if oscillation is not to occur 

LCCRJ —r| 
Assuming R is 50 ohms 

L< 25 x 10 '2 : 50 x 1- 120! 
LCO.lS/iH 

This condition that the total series inductance across the 
tunnel diode junction shall be less than 0.15 microhenry 
is not difficult to satisfy. The series inductance of the 
JK9B is of the order of L, - 6 x 10 0 henry and is 
negligible compared with 0.15 microhenry. 

impedance of the tuned circuit of Fig. 6 exceeds | — H(1). 
Thus the dynamic load line must be similar to that 
marked 1 in Fig. 5, but the static load line must be 
similar to that marked 2 if oscillation is to occur. The 
dynamic impedance of the tuned circuit of Fig. 7, Z,„ is 
given by:—• 

2-/1. 1 L 
" ^ c R ■ IrrfC RC 

For stability Z,, <| - r] 
That is L RC — r|.. .... Condition (2) 

_ If L is only slightly greater than RC| rj, the oscilla- 
tions are confined to the negative-resistance region and 
are approximately sinusoidal. If L is large, however, the 
instantaneous diode voltage and current show excursions 
into the region where the diode resistance is positive and 
relaxation oscillations occur. 

If switching is to be avoided it is essential that the total 
series resistance of the circuit, R, shall not exceed | - rj. 
On the other hand R should not be very much smaller 
than | — r| or the circuit will not be sufficiently damped 
and the second condition will be more difficult to satisfy. 
The series inductance of the measuring circuit to which 
the tunnel diode is connected must be kept as small as 
possible. The circuit values to be used for measuring 

OT 0-2 0-3 0 + 0-5 

Fig. 9. Characteristic 
of type JK.9B tunnel 

06 diode. 
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Fig. 10. Typical characteristic resulting from oscillation in 

measuring circuit. 

A relatively sensitive meter was used for measuring 

the tunnel diode current, but it was shunted by a 50-ohm 

carbon composition resistor in order to reduce the effective 

inductance of the circuit. The meter and its shunt were 

calibrated against an ammeter; a full-scale deflection of 

about 1.3 rnA is convenient for use with a 1-mA tunnel 

diode. The tunnel diode, R 3 and R 4 were joined directly 

together with short leads in the form of a small triangle. 

I t is important that R 3 and R 4 should have a low induc­

tance. A valve voltmeter was employed to measure the 

potential across the diode. As an experiment a multirange 

meter was substituted for A and its 50-ohm shunt, but 

much of the negative-resistance region was then missed 

owing to the meter inductance. Similarly if R 3 is omitted 

it is not possible to plot the whole characteristic. 

Sometimes a curve of the type shown in Fig. 10 is 

obtained which appears to have two negative resistance 

regions. In this case oscillation is taking place and an 

additional rectified current is automatically superimposed 

on the diode characteristic 2• If care is taken to minimise 

the circuit inductance, this trouble can usually be avoided 

with tunnel diodes of relatively low speed. 

High Speed Diodes 

The type of circuit shown in Fig. 8 may be used for tunnel 

diodes which have somewhat larger peak currents. The 

values of the negative resistance of these diodes will 

normally be smaller than that of 1-mA diodes, however, 

and the resistor values employed in the circuit must 

therefore be reduced. It may prove difficult to achieve 

stability. 
With some tunnel diodes it is not possible to achieve 

stability in the negative-resistance region of the character­

istic when any type of circuit is used. Let us. consider, 

for example, a tunnel diode with a n~gative resistance of 

1 ohm and a junction capacitance of 20 pF. If switching 

is to be avoided, the maximum effective value of the 

series resistance connected ·across the . diode terminals 

is 1 ohm. 
To avoid oscillation L < CRI-rl · 

L < 20 X 10-1 2 X 1 X 1 
L < 2 X 10- u henry 

The inductance, L 8, of the diode itself will probably 

exceed this value and stability is then impossible. 
In most cases it will be possible to achieve stability, but 
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the tunnel diode may have to be placed in a special low­

inductanc;e holder which contains a resistor of extremely 

low inductance connected across the diode. The holder 

may be in the form ot a small cylinder divided into two 

sections which surround the diode. The two sections of 

the cylinder are joined by the resistor, which is often 

constructed as a thin slab but may take the form of an 

annulus placed round the diode. Low-inductance 

germanium resistors are sometimes used. In this way the 

series inductance connected across the diode may be 

reduced to a very small value. A capacitor may also be 

connected across the diode. 
The characteristic of a tunnel diode mounted in this 

way may be plotted by use of the circuit in Fig. 11 . 

The ammeter indicates the total current passed by the 

parallel combination of the diode and the stabilizing 

resistor R 3 which is mounted inside the tunnel diode 

holder. In order to derive the diode characteristic, it is 

therefore necessary to subtract the current passing through 

R 3 from the total current indicated by the ammeter. 

The Fig. 11 circuit is also useful for finding the nega­

tive resistance parameter of a tunnel diode. If R 3 exceeds 

1-rl the type of curve shown in Fig. 12(a) is obtained. 

If R 3 is less than 1-rl the current increases continuously 

with the applied voltage as shown in Fig. 12(b). When 

R 3 is made exactly equal to 1-rl the positive resistance of 

R 3 cancels the negative resistance of the diode over the 

portion of the curve where the negative resistance is a 

minimum. At this point the curve is horizontal as shown 

in Fig. 12(c). 
When the .circuit of Fig. 11 is to be used to determine 

the negative resistance of a tunnel diode by the method 

described in the preceding paragraph, it is necessary to be 

able to vary R 3• A variable resistor cannot be employed, 

since most variable resistors have a high inductance. 

There is, however, no objection to the use of a low-

,-------- ----, 
1 
I 
I 
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I R3 
I 
I 
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v 

Fig. I I. Plotting characteristics of diode with stabilizing resistor 

within low-inductance holder. 

I I I 

(a) (c) 

Fig. I 2. Curves obtained with different values of stabilizing resistor• 
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fig. 10. Typical characteristic resulting from oscillation in 
measuring circuit* 

A relatively sensitive meter was used for measuring 
the tunnel diode current, but it was shunted by a 50-ohm 
carbon composition resistor in order to reduce the effective 
inductance of the circuit. The meter and its shunt were 
calibrated against an ammeter; a full-scale deflection of 
about 1 3 mA is convenient for use with a l-mA tunnel 
diode. The tunnel diode, R3 and R4 were joined directly 
together with short leads in the form of a small triangle. 
It is important that Rg and R4 should have a low induc- 
tance. A valve voltmeter was employed to measure the 
potential across the dibde. As an experiment a multirange 
meter was substituted for A and its 50-ohm shunt, but 
much of the negative-resistance region was then missed 
owing to the meter inductance. Similarly if R3 is omitted 
it is not possible to plot the whole characteristic. 

Sometimes a curve of the type shown in Fig. 10 is 
obtained which appears to have two negative resistance 
regions. In this case oscillation is taking place and an 
additional rectified current is automatically superimposed 
on the diode characteristic2. If care is taken to minimise 
the circuit inductance, this trouble can usually be avoided 
with tunnel diodes of relatively low speed. 

High Speed Diodes 
The type of circuit shown in Fig. 8 may be used for tunnel 
diodes which have somewhat larger peak currents. The 
values of the negative resistance of these diodes will 
normally be smaller than that of 1-mA diodes, however, 
and the resistor values employed in the circuit must 
therefore be reduced. It may prove difficult to achieve 
stability. 

With some tunnel diodes it is not possible to achieve 
stability in the negative-resistance region of the character- 
istic when any type of circuit is used. Let us consider, 
for example, a tunnel diode with a negative resistance of 
1 ohm and a junction capacitance of 20 pF. If switching 
is to be avoided, the maximum effective value of the 
series resistance connected across the diode terminals 
is 1 ohm. 
To avoid oscillation L < CR|—r| 

L < 20 x 10-'2 x 1 x 1 
L < 2 X 10 J1 henry 

The inductance, Ls, of the diode itself will probably 
exceed this value and stability is then impossible. 

In most cases it will be possible to achieve stability, but 

the tunnel diode may have to be placed in a special low- 
inductance holder which contains a resistor of extremely 
low inductance connected across the diode. The holder 
may be in the form of a small cylinder divided into two 
sections which surround the diode. The two sections of 
the cylinder are joined by the resistor, which is often 
constructed as a thin slab but may take the form of an 
annulus placed round the diode. Low-inductance 
germanium resistors are sometimes used. In this way the 
series inductance connected across the diode may be 
reduced to a very small value. A capacitor may also be 
connected across the diode. 

The characteristic of a tunnel diode mounted in this 
way may be plotted by use of the circuit in Fig. 11. 
The ammeter indicates the total current passed by the 
parallel combination of the diode and the stabilizing 
resistor R3 which is mounted inside the tunnel diode 
holder. In order to derive the diode characteristic, it is 
therefore necessary to subtract the current passing through 
R3 from the total current indicated by the ammeter. 

The Fig. 11 circuit is also useful for finding the nega- 
tive resistance parameter of a tunnel diode. If R3 exceeds 
I—r| the type of curve shown in Fig. 12(a) is obtained. 
If R 3 is less than [ —r the current increases continuously 
with the applied voltage as shown in Fig. 12(b). When 
R3 is made exactly equal to j-r\ the positive resistance of 
R3 cancels the negative resistance of the diode over the 
portion of the curve where the negative resistance is a 
minimum. At this point the curve is horizontal as shown 
in Fig. 12(c). 

When the circuit of Fig. 11 is to be used to determine 
the negative resistance of a tunnel diode by the method 
described in the preceding paragraph, it is necessary to be 
able to vary Rg. A variable resistor cannot be employed, 
since most variable resistors have a high inductance. 
There is, however, no objection to the use of a low- 

Fig. II. Plotting characteristics of diode with stabilizing resistor 
within low-inductance holder. 

(a) V (b) (c) 

Fig. 12. Curves obtained with different values of stabilizing resistor' 
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inductance fixed resistor of a value somewhat greater than 
1-- r l in parallel with a variable resistor. With high-speed 
diodes the fixed resistor should be mounted in the diode 
holder, but for low-speed devices a carbon composition 
resistor connected directly across the diode terminals 
will be satisfactory. The value of the· variable resistor is 
adjusted until a point is found, on rotation of R 2 in Fig. 11, 
at which the current remains constant with increasing 
voltage; this is the horizontal portion of the curve in 
Fig. 12(c). The resistance of the parallel combination of 
the fixed and variable resistor is then found and is equal 
to the negative resistance of the diode. 

Curve Tracers 
It is otten very convenient to be able to display the 
characteristic of a tunnel · diode on a cathode-ray tube. 
Instability must be avoided if the whole of the negative­
resistance region is to be displayed. A simple type of 
circuit for displaying the characteristics of low-speed 
tunnel diodes is shown in Fig. 13. The voltage across R 3 
is proportional to the tunnel diode current and is dis­
played on the Y axis. (R2 + R 3) should be slightly less 
than 1- rj. The transformer secondary voltage should 
be about 2 to 10 volts. 

If a linear saw-tooth waveform is applied to a tunnel 
diode in the Fig. 13 circuit instead of rectified a.c., the 
voltage across R 3 may be differentiated with respect to 
time and applied to the Y plates of the cathode ray tube. 
Th;! resulting curve will show how the conductance of 
the diode (including that in the negative-resistance region) 
varies with the applied voltage~. 

The characteristics of fairly high speed tunnel diodes 
may be displayed on a cathode-ray tube by means of the 
bridge circuit Fig. 14. The tunnel diode may, if necessary 
be mounted in a very low inductance holder which con­
tains the parallel stabilizing resistor, R 2 • Initially the tunnel 
diode is disconnected and the 500-ohm potentiometer is 
adjusted so that no vertical deflection occurs as the trace 
passes across the screen of the cathode-ray tube. The 
bridge is now balanced. When the tunnel diode is 
placed in the circuit its characteristic will be displayed, 
since the current passing through R 2 will be effectively 
cancelled out by the bridge circuit. Only the unbalanced 
current passing through the tunnel diode will cause a 
vertical deflection. 

Series Resistance 
The series resistance of a tunnel diode, R 8 , is usually 
obtained from its reverse characteristic. Its value is taken 
to be the reciprocal of the slope of the current/voltage 
curve in the reverse region at an appreciable reverse 
current where the characteristic is substantially linear. 
A reverse current of ten times the peak current may 
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Fig. 13. Scheme for displaying characteristics of low-speed diodes 
on a cathode-ray tube. 
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Fig. I 4. Characteristics of fairly high speed diodes can be displayed 
on a c.r.t. with this circuit. 

usually be used without causing damage to the narrow 
p-n junction. 

It is not normally necessary to determine R 8 to a high 
degree of accuracy. If an accurate value is required, the 
slope of the reverse characteristic is measured at a faidy 
high current by a pulse technique3• The duration of the 
pulses are chosen so that they do not cause excessive 
heating. 

Other Measurements 
The junction capacitance of a tunnel diode varies with the 
applied voltage. It is normally measured by means of a 
bridge with the tunnel diode biased in the valley region 
where its a.c. resistance is infinite. If a · measurement is 
made at a point where the a;c. resistance is not infinite, an 
analysis of the equivalent circuit shows that an allowance 
must be made for the effect of the other diode parameters 
on the measured capacitance value. The a.c. resistance is 
also infinite at the current peak, but the bias voltage is 
much too critical for capacitance measurements to be 
carried out easily and reliably at this point. Even in the 
valley region the a.c. voltage applied to the diode by the 
bridge measuring circuit should be small, preferably not 
more than about ten millivolts. Measuring frequencies of 
ten to one hundred megacycles are often used. 

The junction capacitance in the valley region is some­
what different from that in the negative resistance region. 
Capacitance measurements can be made in the negative­
resistance region, but are not so easily carried out<~'. 

The measurement of the series inductance, L 8, of a 
tunnel diode is difficult, since its value is very small. 
Microwave techniques are employed4• Fortunately L 8 
is fairly constant for any one type of tunnel diode and the 
manufacturer's figure can usually be relied upon. 
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inductance fixed resistor of a value somewhat greater than 
j H in parallel with a variable resistor. With high-speed 
diodes the fixed resistor should be mounted in the diode 
holder, but for low-speed devices a carbon composition 
resistor connected directly across the diode terminals 
will be satisfactory. The value of the variable resistor is 
adjusted until a point is found, on rotation of Ra in Fig. 11, 
at which the current remains constant with increasing 
voltage; this is the horizontal portion of the curve in 
Fig. 12(c). The resistance of the parallel combination of 
the fixed and variable resistor is then found and is equal 
to the negative resistance of the diode. 

Curve Tracers 
It is olten very convenient to be able to display the 
characteristic of a tunnel diode on a cathode-ray tube. 
Instability must be avoided if the whole of the negative- 
resistance region is to be displayed. A simple type of 
circuit for displaying the characteristics of low-speed 
tunnel diodes is shown in Fig. 13. The voltage across R3 
is proportional to the tunnel diode current and is dis- 
played on the Y axis. (R., — Rr,) should be slightly less 
than [ )|. The transformer secondary voltage should 
be about 2 to 10 volts. 

If a linear saw-tooth waveform is applied to a tunnel 
diode in the Fig. 13 circuit instead of rectified a.c., the 
voltage across R;J may be differentiated with respect to 
time and applied to the Y plates of the cathode ray tube. 
The resulting curve will show how the conductance of 
the diode (including that in the negative-resistance region) 
vanes with the applied voltage1. 

The characteristics of fairly high speed tunnel diodes 
may be displayed on a cathode-ray tube by means of the 
bridge circuit Fig. 14. The tunnel diode may, if necessary 
be mounted in a very low inductance holder which con- 
tains the parallel stabilizing resistor, RL., Initially the tunnel 
diode is disconnected and the 500-ohm potentiometer is 
adjusted so that no vertical deflection occurs as the trace 
passes across the screen of the cathode-ray tube. The 
bridge is now balanced. When the tunnel diode is 
placed in the circuit its characteristic will be displayed, 
since the current passing through R., will be effectively 
cancelled out by the bridge circuit. Only the unbalanced 
current passing through the tunnel diode will cause a 
vertical deflection. 

Series Resistance 
The series resistance of a tunnel diode, R0 is usually 
obtained from its reverse characteristic. Its value is taken 
to be the reciprocal of the slope of the current/voltage 
curve in the reverse region at an appreciable reverse 
current where the characteristic is substantially linear. 
A reverse current of ten times the peak current may 
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Fig. 13. Scheme for displaying characteristics of low-speed diodes 
on a cathode-ray tube. 

Fig. 14. Characteristics of fairly high speed diodes can be displayed 
on a c.r.t. with this circuit. 

usually be used without causing damage to the narrow 
p-n junction. 

It is not normally necessary to determine R, to a high 
degree of accuracy. If an accurate value is required, the 
slope of the reverse characteristic is measured at a fairly 
high current by a pulse technique3. The duration of the 
pulses are chosen so that they do not cause excessive 
heating. 

Other Measurements 
The junction capacitance of a tunnel diode varies with the 
applied voltage. It is normally measured by means of a 
bridge with the tunnel diode biased in the valley region 
where its a.c. resistance is infinite. If a measurement is 
made at a point where the a;c. resistance is not infinite, an 
analysis of the equivalent circuit shows that an allowance 
must be made for the effect of the other diode parameters 
on the measured capacitance value. The a.c. resistance is 
also infinite at the current peak, but the bias voltage is 
much too critical for capacitance measurements to be 
carried out easily and reliably at this point. Even in the 
valley region the a.c. voltage applied to the diode by the 
bridge measuring circuit should be small, preferably not 
more than about ten millivolts. Measuring frequencies of 
ten to one hundred megacycles are often used. 

The junction capacitance in the valley region is some- 
what different from that in the negative resistance region. 
Capacitance measurements can be made in the negative- 
resistance region, but are not so easily carried out4. 

The measurement of the series inductance, Ls, of a 
tunnel diode is difficult, since its value is very small. 
Microwave techniques are employed4. Fortunately L, 
is fairly constant for any one type of tunnel diode and the 
manufacturer's figure can usually be relied upon. 
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Correcting Colour 

AUTOMATIC DIFFERENTIAL GAIN AND PHASE 

CORRECTION FOR LONG-DISTANCE COLOUR . 

TELEVISION LINKS 

By I. F. MACDIARMID,* A.M.I.E.E., and 

I. J. SHELLEY,i" A.M.I.E.E., A.M .. I.E.R.E. 

IN an N.T.S.C. colour television system the luminance 

information consists of a wideband video signal sim­

ilar to a conventional monochrome signal and the 

chrominance information is conveyed as phase and 

amplitude modulation of a subcarrier-4.43 Mc/s in 

Europe. The modulation is arranged such that the colour 

saturation determines tl,le subcarrier amplitude and the 

hue controls the subcarrier phase relative to a colour 

synchronizing burst transmitted at the start of each 

line. 
It is well known that the composite colour signal is 

particularly sensitive to the effects of non-linearity dis­

tortion; variations of the luminance signal cause un­

wanted changes in the amplitude and phase of the colour 

subcarrier. These distortions are generally known as 

" differential gain" and "differential phase" respectively 

and at the present time the long-distance links which 

form both national and international distribution net­

works are major contributors of these types of distortion. 

The signal transmission path in a long-distance link 

normally includes a number of a.c. couplings and con­

sequently the part of the non-linear transfer character­

istic occupied by a picture signal changes with the d.c. 

component of the signal. When a picture signal, other 

than a test pattern or still picture, is transmitted over a 

chain of tandem-connected links, the differential gain 

and differential phase distortions will vary with time in a 

complicated manner depending on the changes in the 

d.c. component of the picture, the non-linear transfer 

characteristic of each link and the long-term · transient 

response of each link. Quite clearly it is not possible to 

provide a fixed corrector to deal with these types of 

distortion. 
In a recent letter to Electronics and Power (June 1964, 

p. 207) Dr. N. W. Lewis suggested the use of a sub­

carrier pilot signal which could be added to an N.T.S.C. 

waveform in order to provide a means whereby the 

values of differential phase and gain distortion occurring 

on two discrete luminance levels could be determined. 

* Post Office Research Station. 

t B .B .C . Designs Department. 
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i Since this article was prepared an automatic · i 
: corrector for both differential phase and gain : 

i distortions has been produced and the authors J 

: recently visited Moscow where the equipment was : 

l demonstrated. N.T.S .C. pictures were transmitted ! 
J over a 4,500 km link between London and Moscow i 
: and over numerous very long distance mono- : 

l chrome links within the Soviet Union. Apart from : 

: the inevitable reduction in overall signal-to-noise : 

: ratio the corrected N .T .S.C. signals are reported to : 

l have shown very I ittle degradation in quality after i 
: transmission over these long links. : 
I 

I 

I 
I 

I 
I 

I 
I 

J.---- .... ----- .... -- - --------- - ------------------------------- -----_I_ 

T his information, if extracted in suitable form could 

be used to control a corrector such that the overall dis­

tortion on a chain of links could be held .within accept­

able limits. 
A new corrector circuit which is particularly suited 

to the automatic correction of differential phase and 

gain has been developed at the Post Office Research 

Station, and this corrector has been incorporated in an 

experimental subcarrier pilot system which was recently 

demonstrated by the B.B.C. during a meeting of the 

European Broadcasting Union Ad Hoc Colour Television 

Group and Sub-groups. 
The subcarrier pilot signal used in the experimental 

system is shown in Fig. 1. The pilot burst, consisting 

of 5 cycles of subcarrier, is added to a pedestal the 

amplitude of which alternates between peak white and 

grey (50 % peak white amplitude)-two lines at peak 

white and two lines at grey. The pilot burst and the 

Fig. I. Specification of experimental colour pilot signal. The 

pilot burst alternates in position, two lines on a white pedestal and 

two lines on a grey pedestal. 
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Correcting Colour Signal Distortion 

AUTOMATIC DIFFERENTIAL GAIN AND PHASE 

CORRECTION FOR LONG-DISTANCE COLOUR 

TELEVISION LINKS 

By I. F. MACDIARMID* a.m.i.e.e., and 

J. SHELLEY,1 A.M.I.E.E., A.M.I.E R E. 

Since this article was prepared an automatic 
corrector for both differential phase and gain 
distortions has been produced and the authors 
recently visited Moscow where the equipment was 
demonstrated. N.T.S.C. pictures were transmitted 
over a 4,500 km link between London and Moscow 
and over numerous very long distance mono- 
chrome links within the Soviet Union. Apart from 
the inevitable reduction in overall signal-to-noise 
ratio the corrected N.T.S.C. signals are reported to 
have shown very little degradation in quality after 
transmission over these long links. 

IN an N.T.S.C. colour television system the luminance 
information consists of a wideband video signal sim- 
ilar to a conventional monochrome signal and the 

chrominance information is conveyed as phase and 
amphtude modulation of a subcarrier—4.43 Mc/s in 
Europe. The modulation is arranged such that the colour 
saturation determines the subcarrier amplitude and the 
hue controls the subcarrier phase relative to a colour 
synchronizing burst transmitted at the start of each 
line. , • , ■ 

It is well known that the composite colour signal is 
particularly sensitive to the effects of non-linearity dis- 
tortion; variations of the luminance signal cause un- 
wanted changes in the amplitude and phase of the colour 
subcarrier. These distortions are generally known as 
" differential gain " and " differential phase " respectively 
and at the present time the long-distance links which 
form both national and international distribution net- 
works are major contributors of these types of distortion. 

The signal transmission path in a long-distance link 
normally includes a number of a.c. couplings and con- 
sequently the part of the non-linear transfer character- 
istic occupied by a picture signal changes with the d.c. 
component of the signal. When a picture signal, other 
than a test pattern or still picture, is transmitted over a 
chain of tandem-connected links, the differential gain 
and differential phase distortions will vary with time in a 
complicated manner depending on the changes in the 
dc component of the picture, the non-linear transfer 
characteristic of each link and the long-term transient 
response of each link. Quite clearly it is not possible to 
provide a fixed corrector to deal with these types of 
distortion. 

In a recent letter to Electronics and Power (June 1964, 
p. 207) Dr. N. W. Lewis suggested the use of a sub- 
carrier pilot signal which could be added to an N.T.S.C. 
waveform in order to provide a means whereby the 
values of differential phase and gain distortion occurring 
on two discrete luminance levels could be determined. 

* Post Office Research Station. 
■}■ B.B.C. Designs Department. 
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This information, if extracted in suitable form could 
be used to control a corrector such that the oyerall dis- 
tortion on a chain of links could be held within accept- 
able limits. . , , ■ . 

A new corrector circuit which is particularly suited 
to the automatic correction of differential phase and 
gain has been developed at the Post Office Research 
Station, and this conector has been incorporated in an 
experimental subcarrier pilot system which was recently 
demonstrated by the B.B.C. during a meeting of the 
European Broadcasting Union Ad Hoc Colour Television 
Group and Sub-groups. 

The subcarrier pilot signal used in the experimental 
system is shown in Fig. 1. The pilot burst, consisting 
of 5 cycles of subcarrier, is added to a pedestal the 
amplitude of which alternates between peak white and 
grey (50?), peak white amplitude)—two lines at peak 
white and two lines at grey. The pilot burst and the 

Fig I. Specification of experimental colour pilot signal. The 
pilot burst alternates in position, two lines on a white pedestal and 
two lines on a grey pedestal. 
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Fig. 2. Automatic corrector for differential phase and gain distortion. ¢1H AIJ are mean phase and amplitude of colour burst (black level); cpg, A11 are mean phase and amplitude of pilot burst on grey pedestal; rPw• Aw are mean phase and amplitude of pilot burst on white pedestal. 

pedestal are suppressed during the field equalizing and 
broad pulse periods. · 

This pilot signal can be added to the standard N.T.S.C. 
waveform without any reduction of the active line period. 
It does not interfere with the synchronising, colour burst 
or black level reference signals in the waveform, and 

. the information conveyed by the pilot signal is sufficient 
· to . allow its satisfactory extraction under the conditions 
of ·noise and waveform distortion which may exist at 
the end of a long chain of links. 

The basic principles of the autom<~:tic corrector using 
the subcarrier pilot signal are shown in Figs. 2 and 3. 
The received signal passes through a black level clamp 
and the differential phase and gain corrector before 
being applied to differential phase and gain detectors 
and a pilot-signal blanking unit. The black level clamp 
is necessary to enable the corrector to operate at lumin­
ance levels corresponding to the grey and white pedestal 
amplitudes; the pilot signal blanking unit removes the 
pedestals and pilot bursts from the signal, thereby restor­
ing it to its original standard N.T.S.C. form. 

The corrector (Fig. 3) provides variable differential 
phase and gain characteristics whose shapes may be 
adjusted by means of four control currents. The input 
video signal is applied to the centre point of the tapped 
winding of a hybrid transformer and the signal splits 
between a resistor network, X, which can initially be 
assumed to be a resistor balancing the hybrid, and a 
delay network. The last-mentioned part of the signal, 
which will be called the main signal, after passing 
through a level-adjusting pad, is applied to the centre 
point of a second hybrid transformer where it split~ 
between a balancing resistor and the output terminals. 
Because both hybrids are operating under balanced con­
ditions, the transformer cores are not magnetized and 
the frequency response of the path just described extends 
down to zero frequency. 

If the value of the resistor at X is now changed by a 
small amount, part of the input signal is reflected back 
into hybrid No. 1 where it splits between the input cir­
cuit and a constant-resistance filter; none of this reflected 
signal reaches the dday network. The filter selects the 
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components of the reflected signal · in the chrominance­
channel band and these form a correcting signal which 
is added in hybrid No. 2 to the main signal:j:. Con­
sidering the subcarrier, if the correcting signal is in 
phase or in anti-phase with the main signal it will cause 
only an amplitude change. If the correcting signal is 
in phase-quadrature with the main signal it will cause 
a phase change· (with little accompanying amplitude 
change if the correcting signal is not too large). The 
delay network is provided so 'that the required phase 
relationships can- be established in the output circuit. 

If X is a voltage-dependent resistor which gives a 
reflection coefficient of zero when the video signal volt­
age is at blanking level, and a positive or negative 
reflection coefficient (as required) . at voltages above 
blanking level, the circuit can be used as a corrector 
for either differential gain or phase according to the 

. delay value chosen for the delay network. 
The magnitude and sign of the reflection coefficient at 

grrey and white luminance ·levels is controlled by means uf 
curl'lents pass·ed into the voltage-dependent resistor net­
work, which is an assembly of semiconductor diodes. The 
control currents are derived by extracting the relevant in­
formation from the pilot signal by means of the four 
detectors shown in Fig. 2. The upper two detectors 
compar:e the phas:e of the· colour burst (black level) with 
the phase of the pilot burst on the grey and white pedes­
tals respectively while the. lower two detectors. compare 
the re:spective· amplitudes. The four currents are fed 
into the control points in the· corrector such that it intro­
duces the appropriate amount of differential phase and 
gain distortion at grey and white level in the opposite 
sense to the original distortion; the overall amount · of 
correction which can be· achieved depends upon the loop 
kedback characteristics of the detectors and the corrector. 
It is assumed that the curves of diff.er·ential phase and gain 
distortion will be roughly parabolic in shape and that 
correction at the grey and white levels will produce a 

:f: This method of u sing hybrid transformer netw,orks for video signals is an extension of a met!wd devised by Dr. J. M . Linke for u se in a corrector for linear waveform distortion. 
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ance levels corresponding to the grey and white pedestal 
amplitudes; the pilot signal blanking unit removes the 
pedestals and pilot bursts from the signal, thereby restor- 
ing it to its original standard N.T.S.C. form. 

The corrector (Fig. 3) provides variable differential 
phase and gain characteristics whose shapes may be 
adjusted by means of four control currents. The input 
video signal is applied to the centre point of the tapped 
winding of a hybrid transformer and the signal splits 
between a resistor network, X, which can initially be 
assumed to be a resistor balancing the hybrid, and a 
delay network. The last-mentioned part of the signal, 
which will be called the main signal, after passing 
through a level-adjusting pad, is applied to the centre 
point of a second hybrid transformer where it splits 
between a balancing resistor and the output terminals. 
Because both hybrids are operating under balanced con- 
ditions, the transformer cores are not magnetized and 
the frequency response of the path just described extends 
down to zero frequency. 

If the value of the resistor at X is now changed by a 
small amount, part of the input signal is reflected back 
into hybrid No. 1 where it splits between the input cir- 
cuit and a constant-resistance filter; none of this reflected 
signal reaches the delay network. The filter selects the 

components of the reflected signal in the chrominance- 
channel band and these form a correcting signal which 
is added in hybrid No. 2 to the main signal^:. Con- 
sidering the subcarrier, if the correcting signal is in 
phase or in anti-phase with the main signal it will cause 
only an amplitude change. If the correcting signal is 
in phase-quadrature with the main signal it will cause 
a phase change (with little accompanying amplitude 
change if the correcting signal is not too large). The 
delay network is provided so that the required phase 
relationships can- be established in the output circuit. 

If X is a voltage-dependent resistor which gives a 
reflection coefficient of zero when the video signal volt- 
age is at blanking level, and a positive or negative 
reflection coefficient (as required) at voltages above 
blanking level, the circuit can be used as a corrector 
for either differential gain or phase according to the 
delay value chosen for the delay network. 

The magnitude and sign of the reflection coefficient at 
grey and white luminance levels is controlled by means of 
currents passed into the voltage-dependent resistor net- 
work, which is an assembly of semiconductor diodes. The 
control currents are derived by extracting the relevant in- 
formation from the pilot signal by means of the four 
detectors shown in Fig. 2. The upper two detectors 
compare the phase of the colour burst (black level) with 
the phase of the pilot burst on the grey and white pedes- 
tals respectively while the lower two detectors compare 
the respective amphtudes. The four currents are fed 
into the control points in the corrector such that it intro- 
duces the appropriate amount of differential phase and 
gain distortion at grey and white level in the opposite 
sense to the original distortion; the overall amount of 
correction which can be achieved depends upon the loop 
feedback characteristics of the detectors and the corrector. 
It is assumed that the curves of differential phase and gain 
distortion will be roughly parabolic in shape and that 
correction at the grey and white levels will produce a 

f This method of using hybrid transformer networks for video signals is an extension of a method devised bv Dr. J. M. Linke for use in a 
corrector for linear waveform distortion. 
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satisfactory characteristic over the whole of the signal 
amplitude. In practice this assumption appears to be 
fully justified. 

The experimental system, confined to the automatic 
correction of differential phase distortion, was tested 
both on simulated long-distance links in the laboratory 
and on looped Eurovision links which are normally used 
for monochrome transmissions between London and 
Brussels (660 km) and London and Rome ( 4,300 km). 

A colour-bar test signal, studio camera pictures and 
pictures obtained from a high grade colour telecine 
machine were transmitted round the various links and 
observed on a colour monitor. A special effect was used 
in the studio to produce rapid changes of the d.c. com­
ponent of the colour signal, causing the signal to be sub­
jected to the full range of differential phase and gain dis­
tortion present on the circuit. 

The pictures as r·eceived were unacceptable, showing 
clearly recognizable distortion of hue. Mter automatic 
correction these defects were reduced to an acceptable 
level and hue differences between the transmitted and 
corrected pictures were only just perceptible. A change 
in grey scale and some desaturation of the colour picture 
was noticeable due to the line-time non-linearity and 
differential gain distortion which were present on the 
links and remained uncorrected. 

The tests carried out with the experimental system 
have demonstrated the practicability of adding a sub­
carrier pilot signal to an N.T.S.C. waveform and extract­
ing at a distant point information which can be used to 
control an automatic corrector. The experimental pilot 
signal can be inserted into and removed from the 
standard N.T.S.C. waveform with little difficulty. 

With the majority of differential phase distortions tried 
(including the tests made on the looped London-Brussels 
and London-Rome links) automatic correction has re­
sulted in a reduction of the magnitude of the distortion 
of between two-and-a-half and seven times. The per­
formance of the experimental system under poor signal-

Further Notes on the 

Wireless World Transistor 
SINCE constructional details for this crystal-controlled, 
pulse-discriminator unit were given .in the July 1964 issue 
we ha,ve received many useful comments from readers who 
have successfully built this tuner. Where difficulty has been 
experienced it has usually been concerned with the setting up 
of the v:arious pre-set controls, and for the benefit of others 
who may be encountering some of the commoner problems 
we append a few notes which may help. 

(1) We would reiterate that the total current consumption 
of the unit should l!ie between ·13-15 rnA, not 7 rnA as 
or.iginaUy stJated. 

(2) The supply voltage should not be allowed to fall 
below 7 V or distortion on high deviations will become 
apparent. 

(3) L6 and L 7 inductM]ces are 3 mH. 
(4) To ensure that the mner 1s work,ing M its maximum 

sensitivity, the following procedure should be carried out:-
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Fig. 3. Simplified schematic of differential phase and gain 
corrector. 

to-noise conditions has been investigated and the tests 
have shown that the system is only likely to fail when 
the level of noise· is such as to render the received colour 

signal unusable. 
Although these investigations .. have been concerned 

mainly with the problems of the long-distance transmis­
sion of N.T.S.C. colour signals the automatic corrector 
could also be applied to the correction of the differential 
phase and gain distortion introduced in television trans­
mitters. The pilot signal could be inserted for a short 
period at regular intervals and the error signals used 
to control the corrector through a motor drive system. 

Acknowledgement is made to the Engineer-in-Chief of 
the Post Office and to the Director of Engineering of the 
B.B.C. for permission to make use of the information 
included in this article. 

F.M. Tuner 
Connect to a good Band II aeJial. Switch to the highes1t 

frequency programme and unscrew the core of T1 completely. 
Now screw m the .core of T1 until the programme is re­
ceived <and then screw the core in one more turn. The 
approximate se.tting is about 3 tuvns out from the top of the 
former. Now check that the oscillator still functions on 
the othex programmes. 

Switch to the middle frequency progmmme. Reduce the 
aerial signaJ until noise becomes apparent Oii· the output. 
Tune L2 core until the noise ceases. Repeat these adjust­
ments until no further improvement is obta:ined. Still with 
the aerial signal smaU enough to produce noise on the output, 
adjust T1 coupl!ing coil position as follows:-

Move the coupling coil up or down the former until the 
noise ceases; then reduce the aedal signal still further and 
aga.in position the coil for minimum noise. Repeat this 
operation until no further improvement is obtained. 
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to-noise conditions has been investigated and the tests 
have shown that the system is only likely to fail when 
the level of noise is such as to render the received colour 
signal unusable. 

Although these investigations have been concerned 
mainly with the problems of the long-distance transmis- 
sion of N.T.S.C. colour signals the automatic corrector 
could also be applied to the correction of the differential 
phase and gain distortion introduced in television trans- 
mitters. The pilot signal could be inserted for a short 
period at regular intervals and the error signals used 
to control the corrector through a motor drive system. 

Acknowledgement is made to the Engineer-in-Chief of 
the Post Office and to the Director of Engineering of the 
B.B.C. for permission to make use of the information 
included in this article. 

Further Notes on the 

Wireless World Transistor F.IVI. Tuner 

SINCE constructional details for this crystal-controlled, 
pulse-discrkranator unit were given in the July 1964 issue 
we have received many useful comments from readers who 
have successfully built this tuner. Where difficulty has been 
experienced it has usually been concerned with the setting up 
of the various pre-set controls, and for the benefit of others 
who may be encountering some of the commoner problems 
we append a few notes which may help. 

(1) We would reiterate that the total current consumption 
of the unit should Me between 13-15 mA, not 7 mA as 
originally stated. 

(2) The supply voltage should not be allowed to fall 
below 7 V or distortion on high deviations will become 
apparent. 

(3) L6 and L7 inductances are 3mH. 
(4) To ensure that the tuner is working at its maximum 

sensitivity, the following procedure should be carried out:— 

Connect to a good Band II aerial. Switch to the highest 
frequency programme and unscrew the core of T1 completely. 
Now screw in the core of T1 until the programme is re- 
ceived and then screw the core in one more turn. The 
approximate setting is about 3 turns out from the top of the 
former. Now check that the oscillator still functions on 
the other programmes. 

Switch to the middle frequency programme. Reduce the 
aerial signal until noise becomes apparent on the output. 
Tune L2 core until the noise ceases. Repeat these adjust- 
ments until no further improvement is obtained. Still with 
the aerial signal small enough to produce noise on the output, 
adjust T1 coupling coil position as follows:— 

Move the coupling coil up or down the former until the 
noise ceasesj then reduce the aerial signal still further and 
again position the coil for minimum noise. Repeat this 
operation until no further improvement is obtained. 
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ELECT·RONICS IN THE 
.METEORO·LOGICA·L 
OFFIC-E 

By C. E. GOODISON 

NEW electronic and electrical instruments are in the process of being intro­
duced into service within the Meterological Office. These cover a very 
wide range of size and application, from a fast digital computer, the KDF9 

costing about £400,000, to a small temperature bridge unit which will be used 
irt an automatic weather station and costing about £20. Some of these instru­
ments have been designed by the Meteorological Office and others have been 
designed and produced by manufacturers to Meteorological Office specifica­
tions. 

Computer:-The new computer, code named in the Meteorological Office 
"COMET," will replace an eadier type, which has given good service in the 
past but is proving too slow for ·some of the new programmes now being 
developed by Meteorological Office programmers for forecasting and other 
purposes. The KDF9 is an extremely fast and versatile machine and should 
cater for all the many uses being planned for it by variou·s departments in the 
Office. These plans include widening the basis of the present daily weather 
forecast so that more data may be used and therefore greater accuracy may 
be achieved. At present the "numerical" forecast takes about 4-!- hours to 
prepare. With " COMET" this time will be cut to 20 minutes. Climatologists 
in the Meteorological Office will process and extract more data than is possible 
wi~h the existing computer, and radiation records from new data loggers will 
be analysed very rapidly. 

Radar:.:_ The second generation of wind-finding radar sets is now being 
delivered. These sets have twice the range of the old war-time radar now in 
use and incorporate auto-follow as a standard facility. With such a perform­
ance these will enable wind velocities at altitudes up to 80,000 feet to be 
obtained. The new radars will be housed permanently at upper-air sounding 
stations in U.K. and at overseas bases. The first, already delivered to the 
Office is now installed at South Uist in the Outer Hebrides where meteorolo­
gical rockets are being launched to probe the weather conditions up to 200,000 
feet. 

A network of weather radars for the location of precipitation is in the pro­
cess of installation and at certain public weather centres throughout the U.K. 
3cm weather ·surveillance radars will be fitted. These sets should improve 
short-term forecasting of rain since they will provide the forecaster with a 
visual and easily interpreted picture ~of the progress of precipitation across 
his immediate area of responsibility. The first in.stallation will be atop the 
new high G.P.O. Tower in London to ·serve and be controlled from the London 
Weather Centre in High Holborrt. 

Cloud Base Recorders:-Electronic instruments for measuring the cloud height 
have been in operation at many airfields throughout the world for some time and 

The scanner of one of the Decca Type 42A radars used by the Met. Office is installed on the 
40-ft mast at the top of the 580 ft Post Office Tower near Tottenham Court Road, in central 
London. The radar transmitter is remotely controlled from the London Weather Centre 
three-quarters of a mile away. 
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the Meteorological Office is extending their use in . the 
near future to a large number of airfields in the U.K. 
This British-made device works on the triangulation 
principle and depends on the use of light interrupted 
at 900 cf s for the detection of a light spot on the cloud 
base during night and day. The receiver is fixed and 
sighted vertically while the transmitter beam swings 
over an arc from 5° to 85 o from the horizontal. A tuned 
amplifier, plus a phase-sensitive detector provides suffi­
cient sensitivity to give a clear signal from a spot of 
chopped light which may be millions of times weaker 
that the a:nbient daylight at the lead sulphide detecting 
cell. Th,.;! record produced by the instrument takes 
the form of a series of strokes on an electro-sensitive 
paper chart which is moved along at three inches per 
hour. The . strokes are made by a stylus which moves 
up and down the chart once a minute in synchronism 
with the examining searchlight. When cloud is present 
a voltage from the detector is appl~ed to the stylus tip 
and marks the chart. 

The range of the equipment, normally 50 to 4,000 
feet is chosen to cover the cloud base height interval 
which is of immediate interest in aircraft operations 
near airfields. Five pilot production models have now 
completed more than 60,000 hours of service and the 
validity of readings has been investigated by several 
methods, e.g. night cloud searchlights, pilot balloons 
and pilots' reports, .and found to be satisfactory. 

Automatic Weather Stations:-The first production pro-

Fog lifting into low stratus. 

totype of an automatic weather reporting system is on 
test at the Meteorological Office, Bracknell. Various 
transducers are located at an experimental site some 
three miles from the headquarters building and the 
" sender " is linked by a single telephone line to the 
receiver in the headquarters building; The meteoro­
logical elements being monitored, include atmospheric 
pressure, temperature, wet bulb depression (which in 
combination with temperature provides a measure of 
relative humidity) total rainfall, rate of rainfall, mean 
wind speed and direction, sunshine and visibility. The 
different transducers necessary to translate these para­
meters into voltages suitable for use by the telemetering 
apparatus, have been developed by the Meteorological 
Office and experimental models built and tested. Small 
numbers are now being made by contractors and will 
be available for projects where · voltages, linearly pro­
portional to these various meteorological parameters, are 
required for display or input .to other systems. 
· One rather novel transducer . is a sunshine detecting 
device, which operates by rotating a dome with opaque 
sectors round a photo transistor. In bright sunshine, the 
shadows cast · by these sectors cause voltage waveforms 
to be produced by the photo transistor. These voltages 
are then fed to an electrical differentiating circuit which 
produces small narrow pulses whose amplitude depends 
on the steepness of the leading edge of the wav~form 
at the output of the photo transistor. When the shadows 
are sufficiently well defined a trigger circuit operates a 
relay. This relay closure may then be used to provide 

Stratus lifting and dispersing . 

Typical records showing movement of cloud base. 
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One rather novel transducer, is a sunshine detecting 
device, which operates by rotating a dome with opaque 
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Stratus lifting and dispersing. 

Typical records showing movement of cloud base. 
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balloon-borne radio sondes. This is 
a small tele-metering radio trans­
mitter which transmits data on pres­
sure, temperature and humidity. · 
The present radio sonde stemined 
from a war-time design and is soon 
to be replaced by a new version which 
will be much easier to integrate with 
automatic ground receiving equip­
ment. This ground equipment has 
been automated only within the last 
few years. · 

[Met. Office photo 

Modulated light transmitter of automatic cloud height recorder removed from its case to 
show tilt mechanism. 

Automatic Meteorological Message 
Sender:-The life blood of meteoro­
logy is. obviously communications and 
apart from facsimile, now extensiv~­
ly used, nothing very new in com­
munication equipment has been 
introduced .until recently. A new 
automatic message sender, which will 
enable teleprinter · messages to be 
sent, at high speed, by an . unskilled 
operator, has now been devised. The 
first production batch of · these 
machines is about to be delivered by 
the manufacturer. When in use it is 
hoped that these message senders will 

a voltage input to a recorder thus g1vmg a time record 
of bright sunshine. In the automatic station, it applies 
a voltage input to one of the channels of the telemetry 
system. This device can replace the commonly used 
Campbell-Stokes recorder often seen in public places at 
seaside holiday resorts, etc., which consist of a spherical 
burning glass which concentrates the suns rays to burn 
a trace on a card. The card has to be changed daily. 

The telemetering equipment for the at,Itomatic weather. 
station is being built commercially and will be connected 
.to an ordinary G.P.O. subscribers line. The cost of the 
hire of a private line is thus avoided. It has a self­
contained answering equipment which includes a taped 
announcement of station identification and other relevant 
information. This message precedes the telemetering 
tones which make up the , meteorologi_cal. information~ . 

At the instrument · site a ,· sdf~bala:ncing mt.ilii-point 
potentiometer is connected .in parallel with_ the telemetry 
transmitter and is used to give a continuous record of all 
parameters. It also records any interrogatory calls made. 
This continuous analogue record will be used by clima­
tologists whereas the telemetered information will be 
availablf" on demand for synoptic purposes. 

Digital Loggers:-A form of recording apparatus now 
being introduced is a data logging equipment with a 
punched tape output. This equipment which is being 
installed at many meteorological observatories is an 
automatic data logger based on an electronic multi-point 
recorder. The twelve available inputs will normally 
be connected to solar and terrestrial radiation detectors 
in addition to the more usual transducers. As the 
recorder cycles round the different channels a digitizing 
device attached to it drives a tape punch which then 
produces a paper tape record amenable to machine pro­
cessing to produce mean values, extremes, etc. 

Radio Sondes:-Most of the equipments described above 
are used in comparatively small numbers but one activity 
in the Meteorological Office that utilizes a considerable 
amount of apparatus is the sounding of the upper air by 
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eliminate errors in transmitted mes­
sages ' which can be very troubles·ome, particularly when 
appEed directly to automatic plotting and similar equip-
ment. · 

Satellite Ground Station:~A satellite ground reception 
station is now being built at Meteorological Office Head-

. quarters in Bracknell. It has been designed and built 
by the Meteorological Office ·and will be used to receive 
narrow-band facsimile pictures of cloud cover in ·the 
neighbouring area, originating from American weather 
satellites. This station is being constructed to receive 
cloud covet pictures of a different type from those of 
earlier weather satellites which could only transmit to 
certain American ground stations. An assessment of 
their use in routine meteorological forecasting will be 
made when tl:le Bracknell station becomes operational. 

This account of some of the new advanced equipment 
which will soon be in routine use within the Meteoro­
logical Office must, for reasons of space, ignore many 
specialized devices such as water vapour and ozone sondes, 
Doppler radar, aircraft instruments, etc., many of which, 
today, are finding application in research programmes 
as opposed to the use in day-to-day routines. It is pub­
lished by permission of the Director-General of the 
Meteorological Office. 

OUR COVER 
Superimposed on a p.p.i. presentation of precipitation 
echoes is the double curvature scanner of the Decca 
Type 42A general purpose weather radar used by the· 
Meteorological Office at a number of weather centres 
in the U.K. The scanner rotates at 10 r.p.m. and the 
3-cm transmitter has a peak pulse power of 75kW. 
The display has four range scales (50, 100, 200 & 
400km) and the scan can be offset. It also incorporates 
"interscan "-an adjustable electronic line giving range 
and bearing data between any two points on the display. 

...................................................................................................... 
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MATRIX ALGEBRA 
1.-BASIC RULES AND SOME APPLICATIONS IN CIRCUIT ANALYSIS 

CONSIDERING how extremely useful this form of 
algebra can be in certain fields of circuit analysis, it is 
surprising how little attention seems to be paid to the 

methods involved. The lise of matrix algebra has 
certainly not been without its ardent and expert advocates, 
among them Deards<1 >, "Computer"<2 >, Simmonds <3 >, 
Brown and Bennett <4 > and Head<5 >; however, in several 
textbooks, including at least one well-known work on 
circuit theory, now in its second edition, it is unfortunate 
that authors have felt unable to include matrix· methods 
along with other standard techniques. Of course the 
presentation of this technique in a textbook can give rise 
to some difficulties especially for authors who wish to give 
a comprehensive treatment. Mathematicians especially 
will raise their hands in horror at any exposition that does 
not include a rigorous groundwork; but one wonders how 
many of those who handle with skill and confidence such 
techniques as the j-notation, the D-operator, Laplace 
transforms and the Heaviside operator could readily 
explain (or understand?) the mathematical groundwork 
and philosophy involved. If we have a tool that makes 
life easier let us use it: those interested in how the tool 
works will s-oon investigate the matter further if they 
wish to do so. 

What is matrix algebra, and how can it be used in 
circuit analysis? Before considering the answer to this 
question let us first recall some other examples where 
mathematics helps us to express ideas in a clear and 
concise manner thus enabling us to manipulate concepts 
more efficiently. 

Perhaps ·the first occasion on which we come across 
this sort of thing is at school when, after. learning the 
rules of a new game involving generalized arithmetic, 
called algebra, we learn to express verbal problems in 
the form of algebraic equations. Certain manipulative 
processes are then used to solve the equations; and thus 
a solution to the verbal problem is found. Later for those 
who wish to solve problems involving alternating currents 
and voltages in circuits containing resistance, capacitance 
and inductance we find that our mathematical equipment 
is inadequate. We have therefore to be taught or to 
. invent new techniques. If the alternations are sinusoidal 
then, by accepting certain phase concepts, phasor 
diagrams (still unfortunately referred to as vector dia­
grams) can ·be useful. But, as we all know, when the 
circuit departs from the most elementary combinations 
of R, L and C the phasor diagrams are tedious or 
impossible to draw. The brilliant concept of Steinmetz 
in seeing the relationship between phasor diagrams and 
the mathematicians' Argand diagrams leads us to the 
j-notation in which the diagrams may be replaced by 
algebraic processes. Fortunately the rules of this 
algebra are very similar to those we had already learned 
at school except that whenever j2 appears we write - 1. 
The difficulties in conceiving ,; - 1 do not in any way 
detract from the usefulness of the new mathematical 
tool. The concept of impedance between the two 
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terminals of a two-terminal network has been of immense 
importance in the theory of a.c. networks. No matter 
what passive linear components combine to form the 
two-terminal network, we can always find a single 
expression for -the impedance. Such an expression is 
in fact a single general (or complex) number of the form 
R + jX. 

If the variations of voltage and current are not sinu­
soidal the j-notation fails us and we are forced to include 
the solutions of differential equations in our mathematical 
equipment. Differential equations can be solved in an 
algebraic way by employing Laplace transforms: but 
this is not the time to discuss this technique. However, 
it illustrates how, when we wish to extend our know­
ledge of circuit theory, it may be necessary to increase 
our mathematical equipment in order to cope with the 
new situation. 

Quadripole Networks 

In electronics we are freque11tly confronted with problems 
involving four-terminal networks. The algebra asso­
ciated with two-terminal networks is not appropriate 
since the number of parameters involved is increased. 
It would obviously be of great value if we could find 
an expression, involving the minimum number of para­
meters, that would adequately describe a four-terminal 
network. Matrices are such expressions. Before such 
expressions can be of use to us we will need to be quite 
clear about what a matrix is, and to learn the rules of 
the game of manipulating matrices. 

A matrix is a set of coefficients arranged in an orderly 
array of rows and columns. The number of coefficients 
need not be limited in a mathematical sense, but for 
the maiority of four-terminal networks encountered in 
dectronics we need consider only the following simple 
forms. 

(Yll) (~~~ ~~:) 
The first expression is known as a column matrix 

whilst the second is a -two-by-two square matrix (i.e . 
having two rows and two columns). The coefficients vu · 
iu a1 u a 12 etc., are known as the elements of the matrix. 
When suitable expressions for the elements are found 
it is possible to describe four-terminal networks that 
contain linear circuit components. A suitable combina­
tion of matrices can then be found that enables us to 
express a set of algebraic simultaneous equations in a 
very concise form. Matrix algebra is the manipulation 
of these matrices in an orderly manner so as to obtain 

'solutions of the equations and other useful results. 
Like all unfamiliar techniques, this one will present 

some mechanical difficulties to the uninitiated; but with 
perseverance and practice it is remarkable how soon 
one _ may become an expert in circuit analysis. For 

* Rutherford College of Technology, Newcastle-upon-Tyne. 
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who wish to solve problems involving alternating currents 
and voltages in circuits containing resistance, capacitance 
and inductance we find that our mathematical equipment 
is inadequate. We have therefore to be taught or to 
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then, by accepting certain phase concepts, phasor 
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ji | /a n a 12) 
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those who have had to struggle in an examination with 
analyses that involve heavy and tedious algebraic mani­
pulations it is hoped to demonstrate the power of the 
matrix method and show how this streamlined technique 
reduces considerably the amount of thought required. 

Let us see now how we may express in matrix form 
the simultaneous equations that arise in the description 
of the following four_;terminal network (see Fig. 1). 

v 2 and i 2 obviously depend upon Vu i1 and the contents 
of the "black-box." One way of expressing this 
dependence is 

Vt = au V2 - a1 2 i2 (1) 
i 1 = a 21 v 2 ·- a 22 i 2 (2) 

(In general the coefficients of the first line of any equation 
expressed in this form are all a 1's, the first being a11, 

the second a 12, and so on. In the second line these 
coefficients area 2's with 1, 2 etc., to show position in 
that line.) 
In matrix form this pair of simultaneous equations is 
expressed thus: 

(Yll) (!~~ :~:) ( -i:) 
Knowing the rules for multiplying the right-hand 

side . the original equations can always be recovered. 

?I i2 

~~2 Fig. I 

~ 

In certain cases however this is not necessary; and with 
practice it is possible to think in the language of matrices 
rather in the more familiar language of networks and 
algebraic equations. 

Rules of the Game 
Before the techniques of matrix algebra can be applied 
to circuit analyses it will be necessary to learn the rules 
governing the various manipulations. This will involve 
the beginner in some mental effort initially, but such 
effort will be well rewarded at a later stage. 

The rules are:-
(1) Two matrices are equal if, and only if, they are 

both column or both square and the elements in 
corresponding positions are equal. (In spite of their 
appearance matrices are not determinants. The 
former have no "value" as have the latter.) 
A column matrix can be made into a square matrix 

for multiplication purposes by adding noughts. 

i.e. (~) may be replaced by (~ g) 
(2) Two matrices of the same kind can be added to 

give a third matrix as follows:-

(
a11 a12 J + (b 11 b 12 ) = (au + b1 H a12+b12) 
a21 a22 , b21 b22 \a21 + b21' a22+b22 

We merely add the elements in corresponding positions. 

il i2 -iz 13 

Vzf 
-

Fig. 2 

Fig. 3 

(3) The multiplication of a matrix by a number 
merely multiples each element by that number, i.e. 

m X (an a12) =:= (m a11 m a12) 
a21 a22 m a21 m a22 

. ( 4) The multiplication of two square two-by-two 
matrices is defined in a rather complicated way; and it 
is this important manipulation that must be mastered. 
Only by sufficient practice will the user become pro­
ficient in matrix methods. Why the following system 
is used need not concern us here, except to note mat 
a consistent mathematical system is defined that 
produces useful results. 

( a11 a12) x (b11 b12) = 
a21 a22 b21 b22 

(
au b u + a12 b2H au b12 + a12 b22) 
a21 b u + a22 b2H a21 b12 + a22 b22 

T he reader must practise this until he becomes quite 
familiar with the sequence of operations. 

By performing the necessary multiplications we see 
that the commutative law does not hold in matrix algebra, 
i .e. 

[A] X [B] # [B] X [A] 
Although other rules exist these four will be sufficient 

for the present. 

Applications 
The significance of the multiplication rule becomes 
apparent when we consider the cascading of two four­
terminal networks (Fig. 2). 

(v.1) = [A1] ( -z:2) where A1 = (aa 11 aa12) , i.e. 
11 -1 2 21 22 

i.e., the matrix describing the first network. 

However, .( -z: 2) = [A2] ( -z:a) 
- 12 - 1a 

Hence (-z:1) = [A1] [A 2] ( -z:a) 
1t - ta 

Therefore the combination of the two networks can be 
regarded as a single quadripole network that can be 
described by a matrix [C] such that 

[C] = [At] [A2]. 
Let us exploit this rule by first finding the matrix 

elements for some common circuit arrangements and 
then deducing the matrix for the combination of these 
arrangements. 

From Fig. 3:-

Vt = an v2 - a12 i2 
it = a21 V2 - a22 i2 

When the output is open circuited, i1 = -i2 = 0 and 
Vt = v2. 

. . v 1 = a11 v2 i.e. au = 1, 
and 0 = a 21 v2 :. since v 2 # 0, a 21 = 0. 

When the output is short circuited, 
• • V t 

v2 = 0, tt = - t2 = Z. 
• • a12 = Z and a 22 = 1. 
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elements for some common circuit arrangements and 
then deducing the matrix for the combination of these 
arrangements. 

From Fig. 3;— 
Vi = £12 ^*2 
2*1 == aai ^2 ^22 ^2 

When the output is open circuited, i1 — —ja = 0 and 
fi = v2. 

V, = an v2 i.e. an = 1, 
and 0 = a21 v2 since ^ 0, a2i = 0. 

When the output is short circuited, 
o • ■ v2 = 0,i1= —it = —. 

a12 = Z and 822 = L 
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