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Permanent Magnets 
By " CATHODE RAY" 

ALTHOUGH electrically-
energized magnetic circuits 
are discussed at length in 

most books on basic electrical 
engineering, per-
manent magnets 
are usually dis-
missed in a few 
descriptive para-
graphs, leaving 

E 
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CURRENT 

A second troublesome feature, 
which is common to all iron-cored 
magnetic circuits, permanent or 
energized, is the non-linear rela-

V. ir 

linearity, and current without 
E.M.F. (apart from a rather nebu-
lous electronic one). And as it 
is a simple and familiar circuit, it 
seems to be just the analogy that 
was wanted. The circuit in 
question is shown in Fig. 3a, and 
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Fig. z. Graphical method, based on Ohm's Law, of finding the current 
and voltage in a circuit with two resistances. When the resistances are 
linear, as here, it is quicker to do it mentally or by algebra, but in Fig. 2... 

no very definite clues. Consider-
ing the scale on which permanent 
magnets are used in telecom-
munications, for loud speakers, 
gramophone pick - ups, micro-
phones, telephone receivers, meas-
uring instruments, and so forth, 
this seems strange. 
The usual approach to magnetic 

circuits in general is by way of 
analogy from electrical circuits. 
Corresponding to electromotive 
force in the electrical circuit is 
magnetomotive force, expressed 
in ampere-turns. When one con-
siders a permanent magnet circuit, 
however, where there are no 
ampere-turns (except for hypo-
thetical ones in the molecular 
structure of the material), this 
concept does not get one very far. 
Yet the analogue of current— 
magnetic flux—is present; and 
one wants to be able to calculate 
how much of it one can get from a 
given magnet, or how much 
magnet and what shape will best 
give a required flux. 

(a) 

tionship between magnetomotive 
force and flux. 
Now it happens that there is an 

electrical circuit which combines 
both of these features — non-

Ia 

the graphical method of calcula-
ting the voltage and current in 
Fig. 3b. 
So that the relationship between 

energized and permanent magnetic 
circuits may be clear, let us 
approach Fig. 3 via the still 
simpler case of Fig. r. Consider 
the left-hand side only, con-
sisting of r. If this is an ohmic 
resistance, any potential difference 
across it is related to the current 
through it by Ohm's Law: 

(r) 
(The small letters y and i 
denote any values of voltage or 
current). Taking the right-hand 
side by itself, the voltage across 
the terminals is given by: 

E — iR • • (2) 
Here y and i are 

n o t necessarily 
the same as in ( r). 
But when the 
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Fig. 2. The D.C. " resistance " of the valve, r0, is known only as a graph, 
so the method of Fig. z must be used. This case is analogous to the 
simple magnetic circuit of Fig. 4. The effect on output, current and 
voltage of varying the load resistance can be seen by varying the slope 

of the load line. 
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two halves are put together, y and 
i must be the same in both. Call 
the particular values of y and i, 
which are the solutions of the 
above two simultaneous equations, 
V and I. Solving these equa-
tions : 

Er 
V — 

R + r 
E 

I —  R + r • • (4) 

In case the solving of these 
equations is too great a strain on 
one's algebra, there is the alter-
native method of drawing the 
graphs representing the equations, 
as in Fig. ib. The solution is 
given by their intersection, and as 
they are linear equations there is 
only one intersection. 

Well, of course, that legendary 
creature " Any Schoolboy " could 
give the answers without setting 
pencil to papèr in either method, 
because with ohmic or linear 
resistances it is so easy. If one 
or both of the resistances were 
expressible only by more involved 
equations, then some algebra 
might be necessary; while in the 
more likely event of their being 
known only as graphical curves, 
the second method would have to 

(3) 
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would be even more necessary if 
r, too, were a non-linear resistance, 

FLUX 0 

Fig. 4. Analysis of 
energized magnetic 
circuit for compari-
son with Fig. 2. 
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Fig. 2 is the analogue of a 
magnetic circuit consisting partly 

MAGNETIC 
PD, p t

IUD. ALROSS_el., M.P D. ACROSS 
IRON  AIR 

• 
( a ) 

such as a lamp. Note also that a 
single scale serves for both 
potential differ-
ence and E.M.F., 
because both are 
reckoned in volts. 

Lastly, in Fig. 
3, we have a 

(b) 

Fig. 3. This is similar in principle to Fig. 2, except that the source of 
E.M.F. is absent. It is analogous to a permanent magnet circuit ; compare 

Fig. 7. 

be used. For example, r might 
be ro, the D.C. resistance of the 
anode-to-cathode path in a valve, 
an4 R its load resistance (Fig. 2a). 
The two graphs are then generally 
called the i0/v0 characteristic of 
the valve and its load line respec-
tively, and are very familiar in 
these guises (Fig. 2b). For brevity 
I have labelled them simply ro 
and R, but, of course, the line 
" R " is really the graph of the 
linear equation yo = E — ioR. In-
cidentally, this graphical method 

case where r and E.M.F. are 
individually rather vague, but 
collectively can be expressed as 
an io/yo curve. The actual volt-
age on the grid for any particular 
value of R can easily be found by 
the same general procedure as 
before (Fig. 3b). The externally-
applied E.M.F., E, being zero, 
the load line starts from 0; 
but, as the valve characteristic 
starts from a slightly negative yo, 
some current flows notwithstand-
ing. 

(b) 

of air (linear) and partly of iron 
(non-linear), energized by the 
magnetomotive force of a current-
carrying coil; and Fig. 3 a 
similar circuit but with a per-
manent magnet and zero exter-
nallv-a glied M.M.F. (" Iron" •tt 
herein eans any magnetic metal). 
Corresponding to current is flux 
cIt measured in lines ( = max-
wells) ; and corresponding to 
E.M.F. is M.M.F., F, which for 
practical convenience • in the 
energized case is often reckoned 
in ampere-turns. 

Supposing, then, one has an 
electromagnet operating in series 
with an air gap (Fig. 4a), it 
corresponds with the electrical 
circuit of Fig. 2a and can be 
calculated in the same way, 
merely changing the units (Fig. 
4b). The " load line" is marked 
So, which stands for the reluctance 
of the air gap, and (in accordance 
with the magnetic" Ohm's Law ") 
is equal to the magnetic difference 
of potential across it divided by 
0. So, corresponding exactly to 
(2), the equation of the line is: 
p F — So • • (5) 

And Si is just the flux/magnetic-
potential characteristic of the 
iron core. 
I admit that this is not exactly 

the usual way in which the matter 
is put, and may be quite novel 
to some readers. But the analogy 
between the electric and magnetic 
circuits is sometimes confused 



302 Wireless World August, 1947 

Permanent Magnets— 
because the two are not compared, 
as they are here, in their corres-
ponding forms. There are very 
good practical reasons, which we 
shall come to in a minute, for 
dealing differently with magnetic 
circuits; but to get a good 
theoretical grasp of the matter 
beforehand it is advisable to 
compare Figs. 2 and 4 for a 
while. For instance, just as the 
E.M.F. developed by the battery 
in Fig. 2 is divided between the 
two resistive elements in the 
circuit, so the M.M.F. developed 
by the coil in Fig. 4 is divided 
between the two reluctances. If 

POTENTIAL GRADIENT 18 V ) 

(a) 

as a. short-circuited load would 
be in the electrical case. 

Although the Fig. 4 form of 
diagram for the magnetic circuit 
is the most helpful for getting a 
clear picture of the theory by 
pondering on the similarities be-
tween it and the familiar valve 
loading diagrams, it is not the 
best for practical purposes. An 
ia/va characteristic curve is useful 
only for the particular resistor or 
valve for which it has been drawn. 
With a valve, that is unfortu-
nately unavoidable, because its 
" resistance " depends in a very 
complicated way on a large 
number of different variable 
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Fig. 5. When the non-linearity of a resistor is a peculiarity of the material 
of which it is made, it is more helpful to have a graph of the material, 
rather than of any particularly-sized piece of it, as would be shown in a 
Fig. 2b type of graph. This is done by altering the co-ordinate scales, as 
at a. The same argument applies to magnetic materials, which accounts 
for their graphs usually being plotted as at b (compare a) instead of as 

Fig. 4b. 

the M.M.F. available for the load 
be increased, by raising its reluc-
tance (decreasing the slope of 
the S. line) it is at the expense of 
flux. It is generally the aim to 
get as much flux as possible in 
the air gap; and for this purpose 
it is fortunate that the character-
istic curves of most irons rise 
steeply at first, like that of a 
pentode. But in order to get a 
slight increase on the flux indi-
cated in Fig. 4h it would be 
necessary to steepen the air-gap 
line considerably; that is to 
say, make its reluctance much 
less. The increase is only moder-
ate even if one goes so far as to 
draw the line vertical, representing 
zero reluctance, obtainable only 
by closing the gap completely 
and thereby making it as useless 

such as the potentials of the 
various electrodes as well as all 
their dimensions. But the resis-
tance of homogeneous solid 
materials is much simpler, being 
proportional to the length (I) and 
inversely as the cross-section area 
(a). The only other factor is the 
one that distinguishes materials 
from one another as regards 
resistiveness—the resistivity, p, 
which is the resistance of i cm. 
cube. So 

r = p-

a 

For non-linear materials, a 
curve of current against voltage 
(y --- ir) refers only to one par. 
ticular size and shape of resistor-
But by plotting current density 
(amps per sq. cm.) against voltage 

.. (6) 

gradient (volts per cm.), the 
dimensions are incorporated into 
the co-ordinate scales, and we get 
a graph of p instead of r, one that 
applies to that material in general, 
irrespective of size. Thus, instead 
of plotting, as in Fig. lb, 

v — ir (— i-1 p 
— a •) 

we rearrange this to bring the / to 
the left-hand side : 

j 
—1 - p 

a 

So the graph takes the form shown 
in Fig. 5a. 
There is every reason for adopt-

ing the same policy for magnetic 
materials, because, unlike resistive 
materials, they are all very non-
linear; but, like resistance, re-
luctance varies in the same way 
with 1 and a. The magnetic 
quantity corresponding to p, 
called reluctivity, is not commonly 

used. But p =_, y being called 
y 

the conductivity, and the magnetic 
equivalent of that is well known 
under the name of permeability, 
µ. So corresponding to (6) (modi-

fied by substituting — for p) is 
Y 

1 
S = 

it a 

• • (7) 

B/H Curves 

The permeability of all mag-
netic materials varies in a way 
that can only be recorded as a 
graph; and nobody wants to draw 
a separate graph like Fig. 4h for 
every possible size and shape of 
piece, when one plotted as in 
Fig. 5b gives the essential in-
formation from which the re-
luctance of any size can quickly 
be calculated. That is why the 
scale of flux ( 43) becomes one of 
flux per unit cross-section area, 
or flux density, B; and the 
horizontal scale is in magneto-
motive force (or magnetic potential 
difference) per unit length, which 
is rather confusingly called the 
magnetizing force, H. In other 
words, instead of plotting, as in 
the Fig. 4b type of curve: 

i 
p = s(= 1 — ) 

a µ 

the core dimensions are trans-
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ferred from the curve 
co-ordinates: 

P 
/ a 

or H = B — 
et 

or B tall • • 
The information about any 

magnetic material, then, is usually 
given in the form of a B/H curve 
(as in Fig. 5b). Given the dimen-
sions of any particular piece of it, 
the relationship (klp is obtained 
by multiplying B by a and H by 1. 
If a core consists of several 
sections in series, each with a 
different constant cross-section 
area, the magnetic potential drops 
for each (i),, 192, etc.) are calcu-
lated and added together to give 
the M.M.F. (ampere-turns) re-
quired to maintain the desired 
flux throughout the circuit. 

For the sake of making, the 
permeability of vacuum (and, for 
all practical purposes, air and 
other non-magnetic materials) = 
and to avoid having to talk about 
ampere-turns when permanent 
magnets are in question, there is 
the alternative and slightly 
smaller unit of M.M.F. called 
(with no humorous intent) the 
gilbert. To convert a number of 
ampere-turns to gilberts, multiply 
by 1.257 (= 0.44 1If H is in 
gilberts per cm, then B for 
air = H. 

Since all this is very thoroughly 
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to the applied to magnetic material is 
.reduced, the characteristic curve 
doesn't follow the same path 
downward as it did upward. 
Materials most suitable for per-
manent magnets are those in which 
the departure is particularly large, 
as in Fig. 6, where the flux 
density is still near its maximum 
even when the magnetizing force 
has been completely removed; 
and to reduce it to zero neces-
sitates a considerable negative 
magnetizing force. It is the 
section of curve in between these 
two points that gives us what we 
want, corresponding (except for 
the generalized type of scales) to 
Fig. 3b. 

If Fig. 6 • is converted to the 
ep co-ordinates of a particular 
magnet, by multiplying the B 
scale by a and the H scale by 1, 
we get Fig. 7, which corresponds 

(9) 

O H + 

Fig. 6. Materials suitable for 
permanent magnets have a large 
part of their characteristic curve in 
the negative H quarter. (Compare 

Fig. 3b). 

explained in textbooks we hurry 
on to the final goal—the per-
manent magnet circuit. Permanent 
magnets depend on the fact 
that when the magnetizing force 

MAGNETIC P.D. p 

Fig. 7. This is the exact analogue 
of Fig. 3h, so the air-gap line, S., 
can be drawn in. But in practice 
the Si line is not usually known, 
so the S. line has to be transferred 
to a graph of the Fig. 6 type by 
multiplying the size factors, as in 

Fig. 8. 

exactly to Fig. 3h, and can be 
used to investigate the magnet 
when in series with an air-gap, 
by drawing the S. line, corre-
sponding to the R line in Fig. 3b. 

Neglecting magnetic leakage, 
the flux in iron and gap is the 
same, and is represented in Fig. 7 
by the intersection of the two 
graphs, at value O. This diagram 
therefore shows the flux in the 
air gap, when dimensions of gap 
and magnet are given. If these 
dimensions had been picked out 
of a hat or otherwise chosen at 
random, the chances would be 
that gap and magnet wouldn't 
match one another particularly 
well, any more than a valve 
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Permanent Magnets— 
picked at random would drive a 
particular loudspeaker with maxi-
mum efficiency. In Fig. 7, for 
example, the reluctance of the air 
gap is so large for the magnet 
that comparatively little flux is 
available in it. This is like a 
loudspeaker of excessively high 
impedance for the valve. 
Steepening the S. line to represent 
a gap of lower reluctance, it is 
seen that the flux increases ; until 
maximum flux is obtained by 
closing the gap completely—a 
magnetic short-circuit. 

Generally one has an air gap 
of a particular size, and B/H 
curves of available magnet alloys, 
and one wants to know the 
dimensions of magnet that will 
give the required flux, or flux 
density; preferably using the 
smallest possible magnet. The 
dimensions of he magnet not 
being known, if is impossible to 
start by converting Fig. 6 (which 
one has) into Fig. 7. 

There is a way, which for the 
sake of those sufficiently interested 
I will point out at the end, of 
getting over this by transferring 
the air-gap lipe to the B/H 

500 400 

290 
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Circuit. Neither current nor flux 
can quietly vanish anywhere 
around a circuit. But it can leak 
off so that not all of theetotal flux 
goes through a particular localized 
air gap. If the circuit is well 
designed, this leakage flux is 
relatively small, and we shall 
neglect it. ( In practical engineer-
ing, it is taken care of by a factor 
based on experience of similar 
magnet systems). 

So e = B,a, = Ba0 .. ( ro) 

ai iza — . . .. (II) 
Bi 

You are quite right if you guess 
that the subscripts i and a indicate 
iron and air respectively. And as 
we presumably know the air-gap 
area, a., and its flux density, 
B., all we need to get the magnet 
cross-section area is its flux den-
sity, Bi. 
The second principle is that the 

total M.M.F. (F) in a magnetic 
circuit is equal to the sum of all 
the magnetic potential drops. 
(Compare the corresponding Kirch-
hof's Law for an electric circuit.) 
Applying it to our permanent 
magnet circuit; where there is 
zero F: 

100 

81300 
CURVE OF 

F1B, AGAINST B 
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1,000,000 
Fig. 8. Example of use of permanent-magnet Et, H curve to find the smallest size of magnet 

necessary to excite a given gap. 

MAXIMUM 
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\A 

diagram; but in the meantime we 
can use Fig. 7 merely as an aid to 
grasping the basic principles. 
These are two in number, and 
both very simple. The first we 
have already assumed, that the 
flux is constant throughout the 
circuit. That is' absolutely true, 
just as for current in an electric 

o = pi + pa = Fl I, + Hal. 
.. ( 12) 

H. 
••• = — Hi • • ( 1[ 3) 

We know that H. is equal to 
B. (because, if the right units 
are chosen, le for air = 1), and the 
length of the gap, la, is given, so 

here we have the length of the 
magnet, l, in terms of Hi. (In 
practice, another factor is used to 
cover the fact that the effective 
length of the gap tends to in-
crease near its edges.) 
The B/H curve for the magnet 

metal gives Hi in terms of Bi, 
or vice versa; but how do we 
choose a particular combination 
of the two ? Fig. 7 shows what 
seems to be a rather bad combina-
tion. The best, presumably, is 
that which requires the smallest 
magnet. 
Combining ( II) and ( 13). 

Volume of iron = 1, ai 

B.214 a. 

—Hi Bi 
Therefore, for given air-gap 

dimensions and flux density, the 
smallest volume of iron is needed 
when HiBi is a maximum. 
And, as you see, the volume of iron 
goes up in the same proportion as 
the volume of air gap, and as the 
square of the gap flux density. 
The thing to do, then, is to 

plot — HiBi against B (a con-
venient place is in the empty space 
to the right of the B scale as in 
Fig. 8), and connect a horizontal 

line from the peak 
of that curve to in-
tersect the B/H 
curve, thus showing 
the most economical 
Bi and Hi— the last 
remaining data need-
ed for finding the 
magnet dimensions. 
Instead of bothering 
to plot the HiBi 
curve, a short cut 
that is near enough 
with most magnet 
curves is to complete 
the rectangle as 
shown dotted in Fig. 

IS 8, and use the Bi 
and Hi values given 
by the intersection 
of its diagonal with 
the B/H curve. 

Suppose an air 
gap 0.23 cm long 

by 2 cm square (after using 
the factors that allow for flux 
" fringing ") is to be given a flux 
density of 8,000 lines per sq. cm. 
( = 8,000 gauss), by means of a 
magnet made from alloy having 
the characteristics shown in Fig. 8. 
The most economical Bi is seen to 
be 3,000, corresponding to H ---

(4) 
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-29o. Then, applying ( is) and 

B alia 8,000 x 4 

(53), ai Bi 5,000 

6.4 sq. cm., and l Bola Z — Hi 

8,000 x 0.25 
6.9 cm. 

290 

A magnet of these stubby 
dimensions may have to be con-
nected to the given air gap by 
means of low-reluctance pole 
pieces ; but that is as obvious as 
saying that a generator should be 
connected to its load by low-
resistance leads. And in practice 
there are sometimes reasons for 
choosing magnet dimensions other 
than the most economical in 
m aterial. 

H 

Fig. 9. If a magnetic circuit 
originally working at point X is 
demagnetized somewhat, say to Y ; 
removing the demagnetizing influ-
ence causes it to return, not to 
X but to Z. To avoid the loss XZ 
taking place during service, mag-
nets are previously brought by 
" aging " on to a flat curve like YZ. 

To solve problems like the 
example above it is clear that no 
graph drawing is necessary so 
long as the best B of the magnet 
metal is given, and its correspond-
ing H; only two easy formulai. 

There are cases, however, where 
it might at least be instructive 
to use the " load-line " technique 
of Fig. 7, if some means could be 
found of applying it to the B/H 
curve, instead of to a type of 
curve that cannot be drawn until 
we have the information we are 
trying to find. The Sa line of 
Fig. 7 mustn't be used in Fig. 6 
(or Fig. 8) as it is, because the 
scales are wrong. To convert 
Fig. 6 to Fig. 7 we multiplied the 
B scale by ai (giving 4,), and the 

H scale by l (giving p). We could 
have done the same thing (less 
conveniently) by leaving the scale 
numbering alone—just changing 
the symbols—and fitting the curve 
to it by dividing its co-ordinates 
by the same factors. To convert 
a graph (to wit, the Sa line 
in Fig. 7) back to the original Fig. 6 
scales of B and H, it is necessary to 
perform the reverse operation, 
viz., multiply the Sa line co-ordin-
ates, so that what was a graph of 

—p —paa 

sa 
Ha„ 

becomes Ba. — 

— H a„ 11 
or B (15) 

Given a B/H curve for the 
magnetic metal, then, a trans-
ferred air-gap line can be drawn, 
as in Fig. 8. Either the slope of 
the line is given by already-
known iron and gap dimensions, in 
which case the resulting flux-
density is shown ; or one can 
draw the line to suit the B/H 
curve, and then calculate the 
unknown dimensions from the 

a l. 
slope. (Incidentally, , which 

is the ratio B/-H, is called the 
unit permeanCe). • 

It should be fairly obvious how 
to apply the foregoing principles 
to more complicated situations. 
For example, if there were some 
M.M.F. coming from a coil, assist-
ing or opposing the magnet, the 
starting point of the air-gap line 
in Fig. 7 would have to be to the 
right or left respectively of zero, 
by an amount equal to the M.M.F. 

In these calculations it has 
been assumed that the whole of 
the permanent magnet is working 
at the same point on its B/H 
curve. In actual fact it would not 
be, but the difference is not 
enough to justify the appalling 
difficulties one would get into by 
departing from this simplifying 
assumption. 

This article is only a framework 
of theory, which serves as a first 
approximation in design. In 
practice there are other con-
siderations for which there is no 
room here. 
There is one very important 

thing, however. Suppose a per-
manent magnet in service, say in 
a moving coil meter, comes under 
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Effective Air Column ... 42in. 
Weight Horn only 8 lbs. 
Shipping space ... One-231 n. x 23m. x 18m. 

I2-33in. X 33in. x 27in. 

F„L for [PLfl 
FILM INDUSTRIES LTD. 
60, PADDINGTON ST., W.1 

Telephone: WELbeek 2385 

W W.10. 
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Permanent Magnets— 
the influence of an external mag-
metic field that Opposes its own 
field, so that the working point 
moves downwards, say from X 
to Y in Fig. 9. When this dis-
turbing influence is removed, the 
status quo is not restored. Instead, 
the working point goes to some 
such place as Z, the flux being 
very little more than at Y, and 
decidedly lower than at X. The 
accuracy of the meter is per-
manently. ruined. To avoid this, 
magnets are " aged" by de-
magnetizing them in advance to a 
greater extent than they are 
likely to experience after calibra-
tion. So variations take place 
along a nearly flat curve such 
as YZ. 

This also shows the reason for 

warnings about it being a bad 
idea to take permanent magnet 
circuits to pieces. If the pole 
pieces are removed, the reluctance 
is increased, the " load line" 
moves anti-clockwise to some such 
position as in Fig. 7, and when put 
together again the system has lost 
a large part of its magnetism. 
One should also keep screwdrivers 
well, away, because the horrid 
smack when such an implement is 
drawn against the magnet is also 
liable to de-gauss it appreciably. 

Talking about gauss; magnetic 
units are a frequent source of 
confusion, which I shall try to 
dispel in a sequel. This inevitably 
brings in electric units as well, 
leading to consideration of the 
M.K.S. system of electro-magnetic 
units. 

V.H.F. Aircraft Equipment 
Transmitter-Receiver 

with Simplified Wave-changing 

MANY i§tgenious systems have 
been evolved for remote con-

trol of the wave-changing mechan-
ism in V.H.F. communication 
equipment in aircraft, but few 
appear to rival that em-
ployed in the Standard 
Telephones STR12 trans-
mitter-receiver. 

In this equipment the change 
from channel to channel is effected 
merely by selecting an appropriate 
pair of crystals, one for the trans-
mitter and one for the receiver. By 

this means provision is made for 
the immediate operation on any one 
of twelve spot frequencies between 
118 and ' 28 Mc/s. 
This simplicity of operation is 

achieved by locating 
the crystal oscillator 
stage of the transmitter and the 
local oscillator of the receiver in the 
remote control unit and using wide-

band circuits as inter-stage coup-
lings throughout the transmitter and 
for certain stages of the receiver. 
.These two oscillators are both 

crystal controlled; they are similar 
in design and both operate as fre-
quency doublers. As the crystal 
frequencies are necessarily low, 
eight stages in all of frequency 
doubling have to be employed in 
order to raise the frequency to the 
working value. The extra doublers 
are located on the transmitter and 
receiver chassis in the main 
assembly, which can be located in 
any convenient part of the aircraft. 
Coaxial cables terminating in band-
pass filters convey the outputs of 
the two oscillators in the remote 
control unit to their respective fre- - 
quency multipliers in the main 
assembly. 
The transmitter chassis has two 

doubler stages followed by a driver 
amplifier and a pair of grounded-
grid triodes connected in parallel 
and delivering approximately 3.5 
watts of R.F. to the aerial. 
The bandwidths of the interstage 

couplings are graded throughout the 
transmitter, being 2.5 Mc/ s at the 
input and It) Mc/s at the output. 
Thus the even harmonics up to the 
eighth of all crystal frequencies be-
tween 14.75 and 16 Mc/ s are passed 
without the need for retuning. 

A.F. modulation is applied simul-
taneously to the screen of the pen-

This view of the STRI2 equipment 
shows the receiver chassis removed 
and the transmitter and power unit 
assembled. Shown also is the air 
filter removed from the front of the 

main assembly. 

ultimate amplifier and 
to. the anodes of the 

output valves and either telephony 
or M.C.W. can be employed. A 
detector for monitoring the trans-


