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Design Data (15)  

Link Coupling 
W HEN it is necessary to use a coupled pair of 

resonance circuits it is not always convenient 
to couple them together in any of the con-

ventional ways. It is sometimes mechanically 
desirable to have the two circuits some considerable 
distance apart. In a rack-built transmitter, for 
instance, one circuit may fit best on one deck and 
the other on a different one; again, in a super-
heterodyne receiver it is sometimes convenient to 
build the frequency-changer and I.F. amplifiers as 
separate units. One circuit of the first I.F. coupling 
then fits best with the frequency changer and the 
other with the I.F. amplifier. 

In such cases it is customary to use link coupling 
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Fig. 1. 

between the tuned circuits as shown in Fig. (a). 
The two tuned circuits are LIC, and L,C, and they 
are coupled by the link circuit which comprises L 3 

coupled to L, by the mutual inductance M, and L, 
coupled to L 2 by the mutual inductance M 2. The 

two link coils are connected by some form of screened 
cable, such as a length of coaxial feeder. 

If the length of this connecting cable is short 
compared with a quarter-wavelength the effect of the 
cable is mainly that of its capacitance. This can 
usually be made negligible by using sufficiently great 
step-down and step-up ratios in the transformîrs at 
each end. 

In most practical applications of link coupling the 
connecting cable does not exceed a yard in length 
and is often no more than a foot. Intermediate 
frequencies do not usually exceed 15 Mc/s or 
20 metres, so that the cable is nearly always very 
short compared with a wavelength. 
The case where the cable is comparable in length 

with, a. wavelength is comparatively rare. It is 
usually only met with in a transmitter. It might, 
for instance, be desired to couple twggstages with a 
link circuit at a frequency of 60 Mcis or 5 metres. 
More than a very short cable is likely to approach or 
exceed a quarter-wavelength, especially as the 
electrical length of cable is near one-half its physical 
length. 

In such usage it is necessary to exercise very great 
care in design and the matter will nor be dealt with 
here. In this note only the case of a cable very short 
compared with a wavelength ;will be considered, and 
the effect of the cable will be taken as negligible. 
By various well-known transformation theorems, 

the circuit of Fig. i (a) can be reduced to the exact 
equivalent (d) through the intermediate steps (b) 
and (c). All the circuits of Fig. i are equivalent, 
and so it can be seen that the link-coupled circuit is 
no different in its performance from a pair of tuned 
circuits coupled by mutual inductance between the 
coils themselves. 
When working out the coupling required between 

two circuits it is usually more convenient to think in 
terms of the coupling coefficient k than in mutual 
inductance. If the two circuits have Q-values Q, and 
Q, optimum coupling is obtained when 

k = VQ1Q2 • • 
In the circuit of Fig. x (d) the coupling is 
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In F ig. x (a) there are two coupling coefficients for 
the two halves of the circuit, 
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Rewriting (2) in terms of k, and k, we have 
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When L, as it will do in many practical 
applications, (4) reduces to 

k — 

- 
• • (5) 

and when k1 =- k, it becomes 

k —   • • (6) 
2/k12 — 

It is important to note that, when the individual 
couplings are loose so that 2/k/2>z, /2/2. Con-
sequently, the overall coupling is much smaller than 
the individual couplings; thus, if k, = o.ol, 
k cè00005. 

It is to be noted also that the performance is 
dependent on k, which is dependent in the symmetrical 
case, only on k 1 and k,. The actual magnitudes of 
L 3 and 1.4 are thus unimportant. 

In practice, one commonly finds that attempts are 
made to adjust the coupling by altering the number 
of turns on L 3 and L 4. The equations show that such 
attempts will not be successful. Varying the number 
of turns on thee coupling coils simultaneously alters 
their inductance and their mutual inductance with 
the tuned coilso that the coupling coefficients stay 
unchanged. Of course, in practice, there is usually 
some change of coupling coefficients as well as 
inductances because the physical sizes of the coupling 
coils are altered. Nevertheless, it is true that altering 
the turns has only a minor effect on the coupling 
coefficient. 
The correct way of adjusting the coupling is by 

altering the physical separation of L, and L 3 on the 
one hand and of L, and 1.4 on the other. It is not 
essential that the two coupling coils should be 
identical nor that the two couplings should be alike. 
As L1 and L 2 are usually approximately the same 
it is generally convenient to make L, and 1.4 alike 
and, in the first instance, to couple them to the 
same degrees to L/ and L 2. Subsequent alterations to 
achieve optimum coupling need be made only to one 
circuit, however. 
For design purposes, it is desirable to rewrite 

Equations (5) and (6) to give the value of k, needed. 
We get, when k, --

k, = + 2 /k 

and when k, k 2 

2 
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As an example, suppose that it is required to 
couple two circuits of Q, Q, = zoo with optimum 
coupling. From (z), k = 0.01 and from (7) 

k1 = k, = V -2 = 0.141. If it turns out when the 
zOI 

circuit is put into practical form that the couplings 
are too large, say k1 = k, = 0.2, it is not necessary 
to reduce both. One, say hp can be reduced to the 
value given by (8) ; that is, to 

k 1 [I +  2 - 0.099 

104 

2 

0.04 

The design of the coils themselves is outside the 
scope of this note, and the turns needed on the 
coupling coils and their physical relation to the tuned 
coils will depend on the turns and shape of the 
latter. With air-core single-layer coils having a 
length/diameter ratio of more than unity one will 
not be far wrong if L, and 1.4 consist of about 
one-tenth the number of turns of L1 and L, over-
wound on the earthy ends. Provision should be made 
for one of the coils to slide over the main winding 
as a coupling adjustment. 

In the case of wideband amplifiers sojne difficulty 
may be found in obtaining sufficient coupling. In 
such a case Q may be 2.5 only, so that k must be 
0.4 and kl and k, become 0.755. Such tight coupling 
may not be easy to secure with air-core coils, 'but 
should not be unduly difficult if iron-dust cores are 
employed. 

— 

A REPORT of some importance 
to both the radio industry and 

to the would-be radio engineer has 
just been issued. Entitled " The 
Practical Training of Professional 
Electrical Engineers," it is pro-
duced by a committee on which 
the Radio Industry Council is 
strongly represented. 
Two types of apprenticeships are 

recommended for giving practical 
training as a supplement to 
academic instruction. Graduate 
Apprenticeships (lasting two 
years) are for those who obtain 
their technical education by full-
time university courses, and 

Practical 
Training 

Student Apprenticeships (four 
years) for those attending part-
time courses at technical colleges. 
Some stress is laid on the recom-

mendation that those intending to 
take university courses should 
serve the first year of their appren-
ticeship before entering the uni-
versity. By doing so the student 
would be in a better position to 
profit from formal instruction and, 
perhaps equally important, would 

be able to decide if he has a real 
inclination towards an engineering 
career. 
The success of this scheme 

naturally depends on the support 
given by industry. A number of 
large firms have already entered 
but more are wanted to partici-
pate. From many students' point 
of view it is important that the 
Ministry of Labour have decided 
to grant deferment of military ser-
vice for those taking this training. 
The report is obtainable from 

the Institution of Electrical En-
gineers, Savoy Place, London, 
W.C.2; price is. 


