SIXTEENTH WEEK. G.B.Todd,Rile. ™.
ANTENNA CHARACTERISTICS — jg“"

SURSTION #1. 3ive & definition of “hne functic.. vi «n antennd.

ANSWER #l. The function of an antenna is o radiate energy in
the form of electro-magnetic or Hertzian waves for
purposes of transmitting. These emitted waves may
succegsively reach the same amplitude in which case
they are sidaddto be undamped or may be emitted in
trains of waves each oscillation of which reaches an.
amplitude sllghtly less than that of the preceding
oscillation in which case they are said to be damped.
The function of an antenna for receiving purposes is
to collect part of the energy emitted from a distanti
transmitter so that it may be used to cause signal
responses in the receiver, The antenna essentially
is an elevated structure which is insulated from the
grounde. It contains inductance, capacity, and resis=-
tance and is therefore oscillatory. Its electrical
period may be changed by inserting inductance or
capacity in the circuit in order to conform with ,
requirements or to make it resomant.with the frequen-
cy of the distant transmitter,

CUESTION 2. #ith & known inductencs end cuvacitance settine &t
rsgonance, show lformule for Iinding tne irsiuency. ‘i

AN SWER #2. Formula:
1C00

2 pi ¥ItC

freguency in cycles.
inductance in microhenries,
capacity in microfarads.,

Where:

Qb H
un

UESTION #3. #nen the inductence and capacitance are Known, now
may the netural wuvelength be computsd?

AN SWER #3+. Formula:
Javelength = 1885 /LC

Where: Javelength expressed in meters. ;%

L = inductance in microhenries, !

C = capacity in microfarads., :

\); ' Wavelength or frequency may also be found directly |

. from Table #13 in Robison's Manul, if the product i
of the inductance and capacitance are known,

JUBSTION #4. Br increesing the produet of the inductance and theé
cupacitance four times, what effect 4~ill it have on
the wavelength? 4

ANSWER #4. By increasing the product of the inductance
capacitance four times the wave length will

proximately doubled.




ANSWER  #6.

<UESTION +7.

TUZSTIUN #6.

+hat is the natural wavelength o1 an antenns contain
ing a capacity of zero point zero zero one ¥D and
an inductance oI 454 LiH.

LC 001 x 454

EC 454

Yavelength

1885 /.454 = 126%9.4 meters. /ns.

It would be shorter to ascertain the wavelength dir-
ectly from the tables.

inat capactiance must ve combined with an induetance
of €&0 microhenries in ordéer to tu»2 &« circult to
35C0 meters? '

: 2
. Navelength
Formula: C= 8858 x I,

Substituting:
35002
C= 78852 x 880

248 49

Zﬁééggggg”ﬂﬁa 12696

¢ =0.,003922 microfarads. /ins.

Q
]

L confda~. r nas & c&gacity 0f Co0C48 wiuiofuruds. What
inductence must bte placed in series with this corden-
ser to ovtaln a uvelen~tu of 600 meters?

» . -  Wavelength?
formula: L= >
1885< x C
L = 6002
18852 x o004
g0¢d 1800
L= 269990 . 1800
P3BI000 x APP4 71
71
L = 25.35 Microhenries. Ans.
in entennc 40 msters high (130 feet) rediactas & wave-

length of OCC meters. Radiation is 10 amperes. <nat
engrgy is emitted or thrown off from the antenna?
show tormuls,

2
ANSWER  #8. Formula: p= 1680 x 12X h
| Wave length®
Substituting:p = 1880 X 102 x 402
| 6002
p = 1580 x 1¢¢ x lﬁgg 6320
ﬁgéééé E

P

702.2 watts, fns.
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#9. Ahxour wire 1nvertgq L tvya autenua ¢kC 1ﬂet in len-\
¢th and sixty feet high nas & cepacity of C.C0CC4 ““D‘
and inductance of ¢2,C0C centimeters, . hat is the
wavelength. 3how formule.

#9. 62,000 centimeters equals 62 MH inductance,
XC values is equal to 62 x ,0004 = 0,0248

Navelength = 1885 /0.0248
Wavelength = 1885 x 0,157
#avelength = 295,788 meters, ins.
#1Ce The T type antenna with dimensions «s above hnes a
capaclity of .0CC4 MFDS but the lnductance is 37,CCC
centimsters. Vhat is the fundamental NuVGLSuPthgbhOW

formula. ?

#10, 37,000 centimeters equals 37 MH inductance.
ILC values is equal to 37 x ,0004 = 0,0148

1885 /C.0148 |

#avelength = |
Javelength = 1665 x 0.1216 |

Wwavelength = 229 meters. Aans.

Practically it would be impossible to change from aq
L type to a T type antenna preserving the same dimen
sions without changing the capacity of the antenna.

#1l. whet is mesant by wn sutenns loaded wnd unloadsd?

#11. 4n unloaded antenna is an antenna system containing
uniform distribution of inductance, its capacity ]
may or may not be uniformly distributed. Its funda-
mental period is solely dependent on the distributed
capa01ty and induetance. The loaded antenna is one |
in which either an inductance or capacity has been
inserted in the lead-in. 1f an inductance has been
inserted, the fundamental frequency will be lower;
if the capacity has been inserted the fundamental
frequency will be increased.

#12. whet is lhe generel rule Ior loading tne wntenna?

#12. The general rule for loading the antenna is that
when a series capacity is added, the wave length
will be decreased and the frequency decreased, the
limit being when one half the fundamental wavelengt}l
is reached. On adding inductance, the wavelength i
will be increased and the fregquency decreased., If f
the inductance is increaged four times the wave- i
length will be doubled., ?

#13. shat does this effect in overloading,have upon the |
characteristics of the antenna? ;



AN SWER #13. The resonant freguency of the loaded antenna will
depend on its IC value, Voltazes wnd currents will
nst have their nodes and loops distributed Lths same
as when the antenna is unloaded. The antenna will
radiate at a new frequency depending on the value
of the inserted capacity or inductance, but will
not be as efficient as when working at its fundamen-
tal value. Due to the fact that there are losses
présent, in all condensers and in all inductances,
energy dissipation will take place in the inductance
or the capacity which is used to load the antenna.
Insofar as little or no propagation takes place
from the resultant field of the inductance or capac-
ity, the enrgy dissipated represents loss. Energy
is expended without radiation.

SUB3TI0N #14. cxplein orieily what takes rlace in ¢ loop cniInne
when it is in the »ath of vibrations of o« transmite
ter.

ANSWER #14. If the plane of the loop is at right angles to the
direction of the oncoming vibrations and equal emf
will be induced in each side of the loop - the two
emfs being 1&E0 degrees different in phase relation.
When the current is flowing in a certain direction,
in one side of the loop, it will flow with equal
intensity in the opposite direction on the other
side of the loop. Conseguently the emfs will cancel
each other and no current will flow. If the plane
of the loop lies in the same direction of the on-
coming vibrations an emf will be induced in the loop
because the magnetic field which is always at right
angles to the direction of propagation will thread
the turns of the loop and an emf will be produced.
(lenz's Law).

UESTIVN #1b6. Glve six general losses that oceur 1in «ii wntenna
with reasons and rsmedies.

AN SWER #15. Six general losses that occur in an antenna are:
l. Absorption losses. 2. Leakage losses. 3. Dielec-
tric losses. 4. Corona losses. 5. Resistance losses.
6. Propagation or radiation losses,.

A1l of these losses are detrimental except the last
nemed loss and should be reduced to a minimum as far
as possible. Absorption losses are due to conducting
materials being in close proximéty to the antenna
system. Energy is absorbed from the antenna by ind-
uction. The remedy is to place the antenna and lead-
in as far from all conducting m= diums as possible ag
to insert insulators at regular intervals in guy
wires., Leakage losses are due to imperfect insulaton
A high voltage is always present at the extremities
of the antenna system and if the insulator at this
point is poor, a leakage to ground will take place.,
The obvious remedy is to use high grade insulators.,
such as pyrex or porcelain and to avoid -the use of

electrose or composition insulators, Dielectric



ANSWER #15. Continued.

4

ANSWER  #16.

~UZS8TIONW 17,

ANSWER  #17.

<UESTION #18.

ANSWER  #18.

losses are cuas:zd by the presence of materials in
the electro-static field which have low dielectric
efficiency. The remedy is to install the antenna in
a position so that materials of low dielectric eff=-
iciency will not come between it and the ground.
Corona losses are cuased by a partial ionization of
the air at the extremeties of the antenna system
where the voltage is highest. Ionization occurs
most easily about a sharp point, consequently the
remedy for corona losses is to use corona shields
about the insulators, Resistance losses are due to
the resistance of the antenna itself, also to the
skin effect, which is present at radio frequency.
Resistance due to skin effect is dsually greater
thah the copper resistance and becomes more pronoun-
ced at the higher frequencies, The remedy is to use
conductors of large surface area in the construction
of the antenna system. Radiation losses are due to
radiation resistance. 48 the purpose of the antenna
is to radiate, and the power radiated is the product
of the square of the resistance, the higher the
resistance the more power radiated. Radiation resis-
tance increases as the frequency increases and radia
tion resistance should be maintained as high as
possible.

Fintre i1s thne zreatest 1loss in the antenne aystem
aboare ship?

The greatest loss in the antenna system and hence
in the loss of radiated energy from the antenna sys-
tem occurs from having the antenna trunk system too

~closely placed to the lead-in. This loss occurs

mostly in the lead-in. This is an absorption loss,

How A~ eddy currents aifect an antenna? How can
they be paritelly svoided?

Eddy currents reduce the radiation resistance and
cause correspondingly greater currents to flow in
the antenna system. The power actually used in the
propagation is therefore reduced as the radiation
resistance is reduced. Eddy currents also cause the
tuning to be broad and encourage the production of
harmonics. They can be partially avoided by segment-
ing nearby conductors with insulators.

#het other etffect does losses due to insulators nave
on the wntenna system besides « decrsase incecurrents

When losses take place due to insulator leakage
electro-magnetic waves are generated which tend to
neutralize those being radiated by the antenna, Thie
leakage also broadens the resonant peak of the anter
na causing a high logarithmic decrement,



JURSTIiON #1%.

ANSWER  #19.

LUESTION #%C.

LANSWER  #20.

Snow by diagram the substitution method or labora-
tory method oi measuring resistance of an antenna,
#hichh method is the most accurats? .Jhen using labora
tory method, now neny rowdinzes ore tuxden?

There are three methods of measuring antenna resis-
tance: l. Resistance substition. 2. Resistance vari-
ation. 3. Reactance rariation, The resistance substi
tution method is the laboratory method and is the
most accurate.,

DRIVER

With the antenna connected to Coil I and the value
of R zero, tune the driver to resonance which will
be indicated by maximum deflection on the RF meter.
Lezving the driver set as before, vary the value of
R until the current indication is one half the for-
mer value when the value of R is equal to the antene
na resistance plus the resisgance or reactance of
Coil kL, Leaving the driver as before, disconnect the
antenna and connect Coil L to variable condenser C.
Adjust C to resonance with the driver with the value
of R at zero. Note deflection and vary R until the
reading is half its former value when the reactance
of ¢ is exactly equal to the reactance of I (reson-
ant frequency) and the reactance of either therefore
is equal to R The reactance of L was common to botl
measurements so the actual antenna resistance is
equal to the difference in values between the resis.
tance of the antenna with Coil L and the reactance
of ¢ with Boil X, This is the variation method. The
laboratory method is to use fixed resistors, noting
the change in current and solving by equation. The
condenser C should be shielded and the rotor con-
nected to the grounded shield, with only one reading
in each case of resistance measurement accuracy can
be expected within two percent, while with several
measurements with various values of resistance and
the average taken, accuracy within one percent may
be expected.

Show formula Lor measuring the resistance of an
antenna.,

RD re o 24
Ra = ——ia' -1 - ——ic -1
Ib Then 3 =7Ra=Rc Iad



ANSWER #20., Continued,

R is actual antenna resistance.

Ra is antenna resistance plus coupling coil reactance

Rb is value of inserted R at second reading taken
when measuring the resistance of antenna and coup-
ling c0il.

Re is the reactance of variable condenser C includin
the reactance of the coupling coil.

Rd is the value of inserted R at second reading tak-
en when measuring the reactance of C and the coup-
ling coil.

Ja is maximum current value at resonance of antenna
and driver with the inserted resistance value of

Z€Tr 0o
Ib is the current in the antenna circuit after the

inserted R is connected for taking the second
measurment of antenna current,

Ic is the maximum current in the circuit when C is
tuned to resonence with the driver and no inserted
resistance is in the circuit.

Id is the current in the circuit when taking the
second current reading after inserting R and when
measuring the reactance of condenser C along with
the coupling coil.

SUZ3TI0H #2). Snhow by diegram how the eslectro-~mugnetic and slectro-
static iislds take their positions «nd directions.

ANSWER  #21. W + +

ELECTRO- STATIC ELECTRO- MAGNETIC
FIELD F1£Ly

TUESTION #22. 3now by disgram the distridbubed inductince and cufa=
city of an anternna.

_— - ——~

Bt ol TP S Tt — e ™ < s >
‘1 AYAYR i\_‘r W \’K‘ A\/\,‘I,F“f“/ \:'\,‘J' NS T ANrENNA
\ 7 T v v+ 7
”} . A \',IYI ‘V"\-’\/\‘-’\-/‘./‘J‘},

I

- -
\ 1’

(,
<
C
N

-.,-
<
AV

’
I

LEAD
N

A
JURY

/‘\! N
bt A
/\('\/’\/ v’\\/,‘\/"\/v‘é
'

g

| ey .
i

GROVND.




SUESTICN #23.

LNSWER  #23.

A C0l1l which is shunted with & .condemser having

& maXimum cagpacity of JCOCH HFD btunes 10 & wave.
length of z2CC meters wanén the condenser is at
maeximwn value. Jhat is the inductance in micronen-
ries?

Formula:
I = wave length®
~ 18852 x C
Sub: L= — 200%
©1885% x ,0005
AEP¢ 1600
L Atdod - 1600
3 ;
2830000 x (9908 71
71
L= 22,635 Microhenries. 4Ns.

3now by iormule how to convert: frecueney %o cycles:
kilocycles to meters; meters to kilocyeles.

The velocity of wave propagation is equal to approx-
imately three hundred million meters per eecond
regardless of the frequency or the wavelength. The
velocity is always the product of the wavelength
and the frequency and inversely, the frequency may
be found by dividing the velocity by the wavelength
and the wavelength may be found by dividing the
velocity by the frequency. The frequency is always
measured in kilocycles, so to coanvert frequency to
cycles multiply the frequency by 1¢3. The short

cut in figuring the wavelength or frequency direct-
ly in meters or kilocycles, is to use 300,000 as
the dividend. Wavelength equals 300,000 divided by
the frecuency. Frequency ecuals 300,000 divided by
wavelength, Cycles equals kilocycles multiplied by
1000,

Bxplain the objeet of & counterpizce, How is it
constructed? What is the approximate neight from
the zround? why is 1t insuluted? Jhat otaer name
is ziven the counterpiece?

In some places it is difficult to obtain a low
resistance connection with the ground. This is true
especially in localities, having sandy soil or lack
of moisture in the soil, When it is difficult to
obtain a low resistance ground, a counterpoise is
subtituted for the ground connection, Its object

is to capacitively couple the antenna system to the
ground rather than use a poor direct connection.

It is constructed similar to the antenna and is
usually placed directly beneath the antenna, It is

insulated for the same reason that any condenser is

i namely to prevent dielectric leskage.
in88&ﬁ§8§poise gs usually placed nine to 15 feet

above the earth. 1t sljould contain as much or more
conductine surface area than the antenna,



ANSWER #25. Continued.
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ANSWER  #27.

JUESTION 4Z8.

ANSWER  #28.

aAs the counterpose is closer to the ground than the
antenna, its capacity will be greater, Counterp01se§
are very efficient and should be used where it is
impossible or impracticable to obtain a good ground .
connection, It is called the counterposse or counter
poise antenna, x
1f the hizhest geak of efriciency is to be maintain-
ed wien using & high fresuency receiver wie trans-
mitter, why should the use 0of electrose iusulators
ve avoided?

Electrose #nsulators are made of composition and
they absorb moisture readily. The higher the freq-
uency the more pronounced the skin effect and conse=
quently the moisture penetrates the surface of the
insulator it renders theinsulator unfit for high
frequency work.

1n & properl- construchted transmittin- sntenna, why
do the guy wires contein @ number of iasulaiors
gpaced w few feet wpart?

Guy wires in the vicinity of the antenna, absorbd :
radiated energy and more energy will be absorbed as .
the fundamental period of the guy wires approach thq
frequency of the antenna. Long guy wires may be in
resonance with the antenna or may tune to one of 1ta
harmonics. By dividing the guy wires into segments

with insulators their resonant frequency is further .
removed from that of the antenna, Consequently less
energy is absorbed and reradiation of harmonics is

less pronounced. Eddy currents are induced to a less
er extent when guy wires are segmented with insula-
tors, ‘

Sxplauin ths funeamsentual basis i0r gropesation of
elaectro-magnatic wuvas.

The antenna system is equivalent to an inductance

a capacitance and resistance in series which form an
oscillatory circuite. As the condenser charges and
disbharges the electricla inertia of its oscillatory
circuit, causes the condenser to over discharge to
such an extent that it charges in the reverse direc-
tion. This wwinging back and forth takes place sever
al times per second, depending upon the LC value of
the circuit. This causes an alternating current to
flow. The dielectric strain of the condemser is im=
pressed upon the surrounding ether and due to the al
ternate contractions and rarefactions, electro-mag-
netic waves are propagated from the antenna at an
angle depending upon the frequency and upon whether
the antenna is being operated on the fundamental or
upon one of its farmonic frequencies,



"U2STION #89. Befors directionul effecis are obtuined in & flat
top antenna, what ie¢ the ayproximate ratio, usasur-
ing height to lsngtn?

ANSWER #29, Directional effects are obtained in any antenna
whose heighth is small compared to its length. In
other words in a low long antenna the directional
effects are more pronounced in the direction in
which the closed end of the antenna points, Theore-
tically, when the wave tront is perpendicular, the
antenna will show no directional characteristics,
but when the surrounding earth has a poor conducti=-
vity, the wave front will be &bnt and directional
properties will exist,

CUASTION #3C. Diagram an wutsnne with variable inductunce and
capacity, its resistance veing fixed and compare
1t to ameguivalent slectric circuit.

ANSWER  #30.

—

ANTENNA WITH EQUIVALENT
VARIABLE INDUCTANCE ELECTRIC Al _}_'
AND cAPACITY AND CiRCUIT ]

K

FIXED RESISTANCE

)

The antenna is equivalent to one plate of a cond-
enser, the earth representing the other plate. The
antenna has an inductance equally distributed along
its length which is in serées with the inductance
ot the coupling coil., The variable condenser shown
is inseries with the capacity of the antenna and

as capacity is cut out of the condenser the total
capacity of the antenna system is less, As more tuns
of the inductance are used the inductance of the
circuit is increased, The resonant period at any
time is dependent upon the LC value of the circuit.

JUESTICN #3861, Sxplaln thne phenomenon o0f the raciation iield.

ANSWER #3l. The circuit contains inductance and capacity and is
therefore oscillatory as explained before, As long a
the circuit is supplied with enough energy to make
up for that dissipated by I2R losses the circuit
will oscillate as oscillations take place and the
antenna is alternately charged poscitively and nega=-
tively a torque is placed on the surrounding ether
and as the ether is supposed to b e a very elastic
medium, the torque is evidently at long distances
from the antenna, The strain travels through the
ether with a definite wave form the length of which
is dependent upon the Lc value of the oscillatory
circuit., The waves travel through the ether in a

series ot closes loops which move in a direction
at right angles to the direction of wave motion,



