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Fig. 2 - Method of measuring the fmpedance of 2 test
resistance or an infinite length of line.

Fig. 3 =
Graph shosing Characteristic
Impedance I, in terms of the
ratio of distance between cen-
tors of wires d and r the
radius of the wires.

F19- ‘ -

Set of graphs showing values

of Z, for various gauges of
wires and rods in terms of
spaciag in inches. Nete that
paraliel wire lines using wires
can be obtained for values of
1, betwesn 800 and 400 chas

and that lower impedances than
these require the use of reds.
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To Infinity

Fig. 5 = The infinite {ine without losses shown as
being made up of distributed inductance and
capacity.
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Constant Voltage Constant Current

Volts hmps

Miles of Line Miles of Line

Fig. 6 = Graphs of Current and Voltage readings obtained at any
points along 2n infinite line with no losses.

Sending
penerator. To infini’

Fig. 7 = An Infinite line with losses such as would exist in practice. The
line is shown as being made up of resistances and inductances along each unit
length of the line and condensers shunted by resistances across each unit

{ength of the line.

L2 Generator
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Fig. 9 = The short length of transmission li
without losses acts in exactly the same way
an infinite line when the short line is te

sinated in a resistance Ry equal in value
1, the characteristic jmpedance

Current or Voltage

—

_To Infinity

—_— e =

Miles of Line

Fig. 8 - Deacy of voltage or current in a transmission line containing
the losses shosn in Fig. 7. When the current or voltage falls to
1/30th of the sending value, the line can be said to be equal to an
infinite length for all practical purposes.
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Fig. 10 - One complete cycle showing how the wave progresses
along the transmission line.
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Fig. 11 - Ore half cycle showing how
the wave travels along the line having
attenuztion or losses.

Fig. 12 = Coupling of a transmission line to 2 walve
oscillator or amplifier closed circuit or tank.

ohn tank couples te the 600 ohm |ime by
a 1.8 to one step down transforeer.
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b
= oA 1000 sha o1 Amp
2
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10 ohm

Fig. 13 = One hundred volts feeding
a resistor in 2 sealed box. By

Ohm's Law it must be 1000 Ohas.
again 1000 ohms.

100 Ohms
10,000 Ohes
4 E

Fig. 16 = The load of a 100
ohms on a 10 to 1 step down
transformer reflects 10000chams

back inte the primary.

ohms load.

Fig. 14 = One hundred volis feeding
a resistor through a transformer.
By Ohe's Law the resistance is

Fig. 17 - 10,000 ohm generator
correctly matched to a 10,000

10,000 Ohas

Fig. 18 - 10,000 oha generator

Fig. 15 - No load on the
secondary makes the prim-
ary act as an open circuit.

correctly matched to a fictitious

10,000 ohe load, theugh the actual

load §s only 100 ohes.
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To Irsnsmifler

Flg. 19 = Linear matching of a
600 ohm line to an antemna
by fanning out to z value of

Ry 2t JZ .
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Fig. 21 = Parallel wire Line embedded
wire flex Z, = 72 ahee.
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Fig. 20 - Matching of the 600 okw line
to the antenua closed circuit by
transformer action.

AL,
SN N

Fig, 22 - Teisted pair flex vith
cotton braid covering.
2, = 150 chas.

b i e 1

i o2 / Fig. 25 - Typical

5 cx A Fig. 24 - Operation of a concentric line in flexible concentric

5 i line using porce-
lain spacers.
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Fig. 23 - Graph showing values
of 7, in terms of ratios of

4.

P

Fig. 26 = Solid rubber di-
electric wncentric line.
Losses are higher than for
r2. an air dielectric. spacers,

i ; e —a o

Fig. 27 - Atteapt te reduce
the amount of rubber used
as the dielectric by shaped
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Start of a train of waves
Noté dot at A for
start.

1/8 cycle later dot
moves 1/8A forward.

1/4 cycle later dot
moves 1/4N forward.

3/8 cycle later dot

Transmission Line 9 1/4\ long.

moves 3/8)\ forward.

1/2 eycle later dot
moves 2/4\ forward.

5/8 cycle later dot
moves 5/8\ forward.

3/4 cycle later dot

moves 3/4N forward.

7/8 cycle later dot

moves 7/8\ forward.

1 cycle later dot moves
4/4N forward.
(same as A).
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TRANSMISSION LINES 8
(Voltage standing waves in an open line)

]
5

Wave if it had not
been reversed

and reflected.
\\/\\

readings only.

Sending wave meets
reflected wave hav-
ing opposite pol-
arity cancellation
of all voltage waves
at this point.

Standing waves
building up.

Standing waves at
maximum values.

Standing waves dyin
away.

Cancellation of all
voltage waves at
this instant.

Standing waves
building up.

Standing waves at
maximug values.

Standing waves
dying away.

Cancellation of all
voitage waves at
this instant.

0" NOTE: Voltmeters cannot show
polarity changes of the above
so curve J represents instrument

Fig. 28 - Process of building up standing waves of voltage in a transmission
line terminated in an open circuit.
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current waves at th
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Standing waves
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Start of a train of waves
Note dot at 4 for
start.

1/8 eyele later dot
moves 1/8\ forward.

Standing waves at
maximum values.

1/4 cycle later dot
moves 1/4) forward.

“~

Standing waves dying
3/8 eycle later dot away.

poves 3/8\ forward.

-
A

Cancel lation of all
current waves at thi
instant,

1/2 eycle later dot
moves 2/4\ forvard, £
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5/8 eycle later dot
soves 5/8\ forward. &

Standing Waves
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3/4 cycle later dot

moves 3/4)\ formard. € Standing waves at

maxioum values.

Standing waves dying
\_/\ anay.

Cancellation of all

1/8 eycle later dot
moves 7/8\ forward. 47
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Fig. 29 - Process of building up standing waves of current in a transmission
line terminated in an open circuit.
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1/4\ back

Start of a train of waves

Note dot at A for start. A -

1/8 cycle later dot

B
moves 1/8A forward.

1/4 cycle later dot
moves 1/4 A\ forward.

3/8 cycle later dot
moves 3/8N forward.

1/2 cycle later dot
moves 2/4). forward.

5/8 eycle later dot
soves 5/8N\ forward.

3/4 cycle later dot
moves 3/4\ forward.

7/8 eycle later dot
poves 7/8\ forward.

1 cycle later dot moves
4/6\ forward.
(same as A).

Yoltseter readings.
LY

Voltmeter always reading——

Transmission Line 9 1/4) lopg.

@

No reading

No reading —F
LS

Voltmeter always reading—§ ¢

Voltneter always reading— +—@
No reading

Voltmeter always reading—f—#
Ne reading

&
-
&£

Valtmeter always reading

Af the End no voltage can

Fig. 30 - Process of building up standing waves of
line terminated in a short circuit.

shorted
end

-
-
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TRANSMISSION LINES
(Yoltage standimg waves in a short
circuited ldne).

T

Wave if il had not
been reversed
and reflected. =y

Sending wave meets
ref lected wave having
opposite polarity
cancel lation of all
voltage raves at this
ingtant.

Standing waves
building wp.

Standing waves at
mxisun vilues.

Standing waves dying
avay,

Cancel latfon of all
volt:ge vaves at this
ingtant.

Standing waves
building up.

Staniing waves at
1ax fnum values.

Standing waves dying
avay.

Cancellation of all
voliige waves at this
instant.

NOTE: Voltseters camnot show polarity
changes of the above so curwe J re-
presents the instrument readings

only.

no reading on a voltweter

ever exist and there is
if placed there.

voltage in a transmission
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Start of a train of waves

Note dot at A for start.

1/8 cyele later dot
moves 1/8)\ forward.

1/4 cycle later dot
soves 1/4\ forward.

3/8 cycle later dot
moves 3/8) forward.

1/2 cycle later dot
moves 2/4), forward.

5/8 cycle later dot
moves 5/8)\ forward.

3/4 cycle later dot
moves 3/4\ forward.

7/8 cycle later dot
moves 7/6\ forward.

1 cycle later dot moves

4/4)\ forward.
(same as A).

Ammeter readings.

9/4
back
& back

/€N back

/4, back

S8 hback

44 Xback

¥idback.

2/ Aback
—4/8 Aback

TRANSHISSION LINES 8.
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Ho reading

NOTE:

only.

exists in the short at this
end of the line.

Current standing wave always

(Current standing waves in a short

cirecvited [ime).

Sending wave mects
reflected vave bav ing
opposite polarity
cancel latiom of al |
current waves at this
instant.
Standing vaves bui ld-

ing up.

Standing waves af
Haxisun valves.

Standing waves dyimg
saway.

Cancel lation of :lE
current waves at this
instant.

Standing vaves
building up-

Standing waves it
paxinue valus.

Standing raves dyfing
avay.

Cancel latiom of al |
current waves at this
instant.

Aeweters esmrot show polarity
changes ef the above so curve J re-
presents the instrument readings

Fig. 21 = Process of building up standing waves of current in a transmission
line terminated in a short circuit.
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Fig. 37 - A short circuit reflects
R =ooat 2 point 3\ back.

Reflected R > Ry R< R
but but .
Reflected R £ o= R> 0

Fig. 38 = A value of R less than Ry reflects
a value of R greater than Ry at a

point 3\ back.

TRANSMISSION L 1NES 9.

Fig. 32 = Impedance changes along an open
circuited line. At the end (left)
the value is an infinite o A
point ¥\ back is resistive but zere
and at #\ 1t s X and infinite
changing immediately to Xp infinity.

Fig. 33 - In the shorted |ine the end value
s resistive and zero, A back it
s X and infinite changing immed-
fately to finite Xp.

| ]
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|
|

Eand |

Reflocted R = Ry

t

Fig. 34 - A value of Ro reflected to
2 point N\ back.

et o o b
1 __.--:: I
—“f——— | - %
Reflected R « 0 | 1 Raoo
SR JS A
! E.

Fig. 35 - An open circuit reflects
R = 0 at a point )\ back.

Reflected R< Ry R> R
but but
Reflected R > 0 R{ oo

Fig. 36 = A value of R greater than R,

reflects a value less than Ry
at a point 3N\ back.
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- F did Fig. 38 - 600 onm open wire line
Ewesss } requiring energy from a 600 gener-
ator which is, in this case, only

8 & =800 472 cha line.
Fig. 37 - 72 ob= parallel wire rubber j 12

embedded flex carrying supply to 2 =
600 ohm open wire [fne.

———ny -—,—
< 3 Fig. 39 - Requirements for correct working.
72 Chm Line 600 Oha Line The 600 ohm section must be made to
s e appear as 72 ohms viewed from the 72 ehm
o s flex and vice versa.
72 Oha 600 Oha No. 12 Gauge Kire
Load Generator
—————— = =
.5* Dian. tubing. 600 Oham Line |
1
T I
72 Ohmline ]
enbedded o 8° Spacing 600 Q
rubber pair %
|
|
2 A .5® Diam. tubing. i
0= us - =
i = e

Fig. 40 = Quarter wave matching transformer, using 3* diameter copper tubing. The
transforwer makes the 600 ohw line appear to the 72 ohm line as a 72 ohnm
resistance shich is its correct terninating value and prevents wave

reflection.

1 Have Kerfal —

1 VWave Matching
Transformer

Fig. 42 = Top section of a quarter wave match-
ing transformer showing method of connecting
the antenna,

n12 wiR A
Rk Le:;th Fig. 41, - Quarter wave matching transformer used to connect
e a transmission line to a half wave antenna.
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Ohms

|mpedan

AN
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referred to in Fig. 43.

TRANSHISSIUN LINES 11

Fig. 43 = Variation of impedance between wires along 2 transmission
line ¥\ (ong and with a shorted end (measured in terms of Z,)

Fig. 44 - Current aad Voltage Distribution along the 3 X of line

Fig. 45 - 600 oha line tapping on to a i) feeder at
& point having an fmpedance ef 600 ohms.

2 Fig. 46 = Paralleltuned circutt fed from a 600
- ohu line to show exact simularity with 3\ feeder.

Fig. 47 = Half wave antenna voltage fed from 3 feeders,

———
- —

-—x—-—-—-u

¥ LHE-WAVELENGTH S

which, in turn, are fed from a 600 ohm Iine as in Fig. 45.

CURAENT WAVE

TIRE

Fig. 48 = Half wave '"°
antenna current fed
from 1A feeders
vhich in turn are
fed from 2 600 ohm
L ine.

Fig. 49 - Half wave antenna current fed
fron twe 3 A feeders which in turn are fod
at one of the 3\ sections, sinilar to Fig, 48 F19. 492 = Design Chart for corrective matching

used when methods of Figs. 47 and 48 are not

suftable.

REWIRED LOOP LENGTH-WAVELENGT
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stubs.
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Fig. 50 = A feeder line having the same physical construction as a 600 ohe line and a length of
3N It is fed by voltage taken from the ends of a closed circuit and feeds voltage to another
closed circuit, both of which can be regarded as open circuit. Note the standing wave of
voltage and the change fn brilliancy of the neon test lamps. Note also the zmmeter readings.

Fig. 51 - Same l1ne as in Fig. 50, but now operating as a transmission line. The closed circuits
are tagped at their 600 oha points so that Igen = Ig = Ijgag, Note the absence of standing

waves of current and voltage indicated by the even glow on all the neon test lamps and the
current in the ammeters.

;(Ceﬂderimr o "I '
T . | 7 ‘ :
. c ’[
o :
|

NG

@3

v Fig. 52 - ‘ /\
Single wire transmission Line. The e . ¢

S N o om

z 128 E

antenna tap is made at a point D ' j
from the center which will match the
impedance of the line itself. The B D F
vzlue of Z; for a single wire line
varies between 800 to 900 Ohms de- ! 4} S
pending on height and gauge of il b SRELE

vire. Fig. 53 - Dfagrams A to F show by ammeter readings how the standing

waves on the line disappear when the fmpedance of the line matches

the antennz junction. The tapping distance D is given as .133

by L for No. 12* , ,139 for No. 14% and .144 for No. 16
wires. L in this case is 18 metres.
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12* wire. $ TO 14 WAVELEWATHS

‘R.F. Switeh
Glnarahr:B Send L,
Receive < se°
____________________ s b
Fig. 54 = Long wire antenna terminated in its charact-
eristic fmpedance of 800 ohus.
* -
OA 5 Lengths A
s I'rrnm?afmg resisfance
et ’t rq'uallf’: ;i;;:z;:cnsﬁc = e
5 c t Radiztion from a nor- Split radiation from
Directional char- i mal 3) antenna. 4 1) antenna.

acteristics of indi
vigval wires

Fig. 56 = Two long wire antennas arranged at such
an angle that B abd C add while A and D cancel.

14 B ;
’

{
= Directional characleristics
l of individual wires

%
Terminating re.mfanu/l -( = -D- "
N Adition of a minor lobe of  Note that in D,E, and F the
Fig. 57~ 8 and C add while A and D cancel. radiation for 2 13\ antenna. radiation angle dips from 36
/""\ e to 17.5.
: ' \\7/ =
: / Send
s ———
\‘ Length=84
f iy Fig. 55 = Radiation patterns for horizontal antennas show-
Fig. 58 - ¢ Terminating resistone ing how radiation changes from broadside to end fire as the
Rhombic or Diamond antenna. B,C,E and H add : i uavallong;hs 1[""“1'“'
600 or 800 while 4,0,6 ¢ F canceli-azl;::o:asto S“‘ 'rs 41 AONBIC BESIEA GARRT ¥
0'_“__[_11“. < = A -~ li’ar&wm%m"" =
i % (B e gt b
L \
EARTH & B :
Side elevation of 2 Rhoubic antenna showing that each side g g_@\ I 3
fs nade up of two wires and not one as in theory. This |}, Nz, ! N
{s done to preserve a better impedance match as the 800 N i b T N ] __L i
ohn lines fan away from each other and then return to R, ;.. L S - ! : M— i
L at the end. aaf- 403 - l
~ - = I e M
e ! !
' e r © ] 20 2z 24 % 28
. WAVE ANGLE (A)— DEGREES
AN MM QUTOUT METHOD ALIGNMENT METHOD
Fig. 59 = Wave angles of a Rhombic as found from Fig. 60 = Design Chart for finding H, L and §

the chart in Fig. 60. in terss of A the propagation angle.
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7% (%
-.-I-'._e------..----..-.---.,---..;)_:...,‘_:'.f..,..'.;-‘
@/ A 4 Kigad
ceed e
5 2

Fig. 62 = Concentric line on half waveleayth
tong and terminated fn Ry = Z, acts 2s 2
polarity reverser. The [oad f; not 2 bal-

anced one in that one side 1s earthed.
A
z
g T v
Rigad

Fig. 61 = Method of matching a two
1 balanced line to an earthed concer

=_Efpad = =4 line by coupled closed circuits.
tig. 63 ~ Extension of Fig. 62. By tapping
the end of the [ine back to the same con-
ductor one half wave back Rjgzd is connect-
ed to balanced points having polarities of

E+ and E=

Rioad

Fig. 65 - Equivalent circuit of Fig. 66
choun below.

AQ
T |
Fig. 64 = Practicel use of the arrangement of oy s BT S T Gl
Fig. 63. Here the last half wave of con- ° Rloa¢
centric (ine s bent into a circle so that e
Rioad is available to pick off a balanced T =
voltaae.
Fig. 66 - Balanced output obtained by the use
= l + Ty of an added parallel length of outer tube.
Al DIy
1 )_l jg Rioad \
o ST T T e L = I N
| No earth fo Ta D'}pola
trighl of s line s 10
Fig. 67 = Extension of the theoretical cir-
cuit of Fig. 65 showing how_the new equiva~ ;
lent generator of voltage E] foeds Rygeq which

{s balanced across the outer two tubes.
Fig. 68 - Feeding of a dipole by moving back

along the half wave section to match the
12 ohm impedance of the aerial.
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10V ']"

109 § Rext.

<

R int. 108

Figo 6& .
R int. and R ext. equal Power
Transfer Efficiency equals =50%.

'[— é To Load

F*go 613 -
Typical anode = antenna loading
on Oscillator or elass ®C* amplifier.

MATGHING GENERATOR AND LOAD.

W
90 2 Rext.

R int. 108

Fig. 60b =
R int. and R ext. unequal Pover
Transfer Efficiency equals -90%.

Fig. 61b =
Resolution of Fig. 51a.
NOTE: This circuit is identical
with circuits of Fig. 60.



CONCENTRIC FEEDERS IN PRACTICE.

h. Fiows ANTENNA SYSTENS AND /METHODS OF FEEDING WiTH
VY DESIRED LENGTH OF BASSETT CONCENTRIC FEFDER.
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DIRECTION FINDERS.

Fig. 3 - Polar diagram showing
variation in Radiation from
or Signal received by Frame.
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Fig. 6 = Relationship of
Goniometer Coil Position
and Signal Direction.

F
o

ﬁ Receiver

1l

, Frame reversing switch

To receiver

——)

Fiﬁ. 7 - Robinson Crossed Loop Systes.

e
-

Frame Aerial

Open Aerial
\

Fig. 9 - Cardioid or Heart-shaped Diagrim-

% 3

Fig. 8 - Open Aerial and Frame

Fig. 10 - Ground Ray - A
Sky Ray ~ B




