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I. Introduction 

This report includes the planning and preliminary investigation of 
problems relating to field intensity standards in the VHF band from 40 
to 160 megacycles per second, specifically covering the standards neces¬ 
sary for frequency modulation, television, and navigational aid equip¬ 
ment for C.A.A. It was the plan to set up standards for comparison 
purposes in a3 short a time as possible to take care of expected post¬ 
war needs. The work of the Microwave Measurement Standards Section on 
field intensity standards for the VHF band is terminated by this report. 
Equipment developed will be turned over to the Ionospheric Measurement 
Standards Section pr eparatory to their assumption of responsibility for 
the program in this band, since the Ionospheric Measurement Section is 
responsible for standards in this frequency range. This report was 
prepared as an instruction book to aid in the transition of the work. 

Calibration of field intensity measuring equipment in any range 
consists of two types of problems. These are (l) the calibration and 
checking of internal circuits, and (2) the calibration of the antenna 
system. The calibrations must be made over the frequency bands for 
which the instrument will be used. 

II. Calibration of the Internal Circuits 

The calibration of the internal circuits of a field intensity 
meter can be best discussed by referring to a block diagram (Fig. l) 
of the commonly used type of meter. 

RF IF Output 
Attenuator Mixer Amplifier Indicator 

Fig. 1 
Block Diagram of Typical 

V.H.F. Field Intensity Meter 
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The linearity and stability of the output indicator must be checked 
and this may be done, in most cases, with DC equipment. The linearity 
and stability of the IF amplifier must be checked at the intermediate 
frequency and the mixer must be checked over the entire frequency re¬ 
ception band. This requires a method of supplying known values of VHF 
and IF voltages. This can be a standard RF voltage generator with an 
associated calibrated attenuator. A waveguide below cut-off or mutual 
inductance type attenuator is preferable because small increments of 
attenuation can be read with precision. Since equipment necessary to 
perform the above functions is in the Central Radio Propagation Labo¬ 
ratory at the present time, or available commercially, the major part of 
our effort was spent on the problem of the overall calibration of field 
intensity meters. This includes the calibration of the effective length 
of the antenna as well as the gain of the associated circuits of the 
meter. 

III. Overall Calibration of VHF Field Intensity Meters 

There have been two rather obvious techniques used in the past for 
the overall calibration of field intensity meters. The simpler and more 
commonly used procedure can be referred to as the substitution method. 
The received field intensity may be calculated by the ratio of the 
voltage at the feed-point of the antenna to the effective length of the 
antenna. The effective length is calculated from the dimensions and 
structure of the antenna. A given VHF voltage value at the feed-point 
may be obtained by removing the antenna and substituting a VHF voltage 
from a standard voltage generator. Since the effective length of the 
antenna and the VHF voltage at the base of the antenna are assumed to be 
known, the field intensity may be calculated. A weakness of this method 
is that the standard voltage generator is usually so designed that the 
indicated voltage is within the generator. The voltage at the output 
terminals is assumed to be the same value. When used with a field 
intensity meter, it is assumed that a perfect match exists between the 
receiving terminals of the meter and the signal generator, which is 
seldom true. The magnitude of the error depends upon the amount of mis¬ 
match. The mismatch is difficult to measure accurately since the 
transmission line to the field intensity meter is usually of the 
balanced parallel conductor type. 

A more fundamental method of overall calibration of field in¬ 
tensity meters is to place the receiving antenna in a known VHF field 
and correlate thi3 known field with the meter output indication. It is 
necessary that the circuits of the meter be operated with normal gain 
during calibration and care must be taken to set the circuits for the 
same gain when measurements are made with the uield intensity meter. 
This known VHF field intensity may be referred to as the standard field 
and must be evaluated by measuring the power into a transmitter antenna 
and calculating the field intensity at a desired position in space. 
There have been a large number of papers written on the theory of wave 



propagation,, of which only a few. References 1, 2, 3: 4, 10, 11, 14? 
15, 16, and 17, are listed in the bibliography. It was the plan to ac¬ 
cept the existing formulas for calculation of field intensity and then 
develop and improve the measurement technique. It is hoped that it will 
be possible to check and calibrate field intensity meters in a standard 
field to an accuracy of better than 10%0 This accuracy would be quite 
sufficient at present. 

TVo Equipment 

The following section of the report will be a discussion of the 
equipment designed for the purpose of making an overall calibration of 
field intensity meters and of making any tests considered necessary for 
substantiating the results. 

A0 Equipment Designed to Galibrate VHP Field Intensity Meters 
by the Substitution Method: 

Two devices were designed to eliminate the error in calibration 
caused by mismatch between the output terminals of the VHF standard 
voltage generator and the antenna input terminals of the field intensity 
meter0 Although these devices use different voltage indicators, they 
perform identical functionse They were built to give cross-checks with 
each other and to determine which was the more practical to use. They 
measure the VHF voltage across the input to the field intensity meter at 
the exact electrical position where the antenna is connected when used. 
One device uses a thermistor and the other a diode to measure the VHF 
voltage o 

lo Thermistor Bridge Voltmeter 

The first device, Figo 2, utilizes a thermistor as a resistance 
arm of a Wheatstone bridge to measure the VHF voltage across its 
terminalso The bridge is used in an unbalanced condition to give the 
sensitivity needed since the VHF input power to the thermistor must be 
limited to 50 microwatts or less. (Input voltage to the field intensity 
meter must be limited to 0.1 volt and is measured across a thermistor of 
200 ohms impedance)o The thermistor, Wheatstone bridge resistance arms 
and the tuned VHF chokes were enclosed in a brass box to insure maximum 
ambient temperature stability and convenience of operation. 

2o Diode Voltmeter 

The second device, a VHF voltmeter incorporating a diode, is shown 
in Fig. 3. It was designed as a comrenient method of determining the 
VHF voltage at the same electrical position as that of the feed-point of 
the antenna,, The advantage of the device over the thermistor bridge is 
that the indication of voltage is independent of ambient temperature for 



all practical temperatures. Voltages less than 0„1 vo£t cannot be measured 
satisfactorily with diode voltmeters., To overcome difficulty, the 
voltage generator can be operated at a level which gives 1 volt across the 
diode voltmeter; then, the voltage generator output is decreased by a 
desired ratio leaving a known voltage of 0ol volt or less across the diode 
voltmeter,, The resistance attenuator pad between the diode voltmeter and 
the voltage generator makes possible the operation of the VHF voltage gener¬ 
ator at a high enough output so that the ratio by which the generator out¬ 
put is decreased can be measured accurately. The exact attenuation and fre¬ 
quency dependence of the attenuation pad is unimportant and was not measured. 

To calibrate the diode voltmeter,readings of an AF input voltage 
(2000 c/s) versus output indication of the diode voltmeter were taken and 
are shown in Graph No. 1. This may be used at VHF by using a correction 
factor which is dependent on frequency. 

Bo Equipment Designed to Generate the Standard Field 

In order to obtain a satisfactory overall calibration of a field in¬ 
tensity meter, a standard VHF field is generated in which the receiver 
antenna is placed. The operation of the meter during calibration is 
similar to the operation when in use. Such a calibration is acceptable if 
it can be demonstrated that the standard field has the same value as calcu¬ 
lated. One method of checking the standard field Is to compare it with the 
field strength determined by a standard receiving antenna. This standard 
receiving antenna consists of a half wave dipole of known effective length 
and equipment for measuring the voltage produced at its output terminals. 
The standard antenna system constructed was quite insensitive compared to 
the super-heterodyne receiver type of field intensity meters; therefore, the 
standard field generated must be of rather large magnitude. This requires 
VHF voltage sources of sufficient power and stability to permit precision 
measurements. 

1. VHF Voltage Generators 

The following voltage generators were used to drive the transmitting 
antennas, to set up the standard field, and to make Impedance measurements. 
Since the commercially available VHF voltage generators do not have suffi¬ 
cient power output or adequate shielding, it was necessary to design and 
construct two generators to cover the desired frequency band. Tracked 
"inline" variable condensers are used in the oscillator and buffer amplifier 
stages. These condensers are driven with a National Company NPW-0 dial and 
gear drive unit to give accurate, reproducible tuning with vernier control. 
A buffer stage was used to make the operating frequency independent of the 
output load and to give a convenient method of controlling the VHF voltag6 
output. The output is adjusted by varying the screen voltage of the buffer 
stage. This output is measured with a diode voltmeter. It was found that 
the push-pull balanced voltage generator as constructed failed to give a 



balanced output voltage over the entire frequency band, Therefore, it 
is considered necessary to couple the output loop of the voltage gener¬ 
ator into a single conductor coaxial line which consequently requires 
some type of a conversion unit to transform from the unbalanced voltage 
output to the balanced transmitting antenna system, 

(a) 40 to 90 Mc/s voltage generator {Fig, 4A). 

Tliis VHF voltage generator was designed to have continuous tuning 
to cover the frequency band from 40 to 90 Mc/s with a maximum power out¬ 
put of approximately 5 watts. It requires a 400 volt DC supply at 80 
milliamperes. The filament requirement is 6,3 volts at 7 amperes, DC 
should not be applied to the filaments since the blower is attached to 
the filaments and is AG operated. The operating frequency versus dial 
reading is read from Graph 2. 

(b) 90 to 160 Mc/s voltage generator- (Fig, 4B). 

This generator was designed to have continuous tuning and adjust¬ 
able output voltage with a maximum power output of approximately 10 
watts. The power output was not checked. The generator requires a 
750 volt DC power supply at 150 milliamperes. The filament requirement 
is 6,3 volts at 9 amperes. DC should not be applied to the filament 
since the blower is attached to the filament circuit and is AC operated. 
The measured values of frequency versus dial readings are shown by Graph 3o 

2, DC Voltage Regulated Power Supplies 

The commercially available regulated power supplies which could be 
used for driving the VHF voltage generators were found inadequate 
because of instability and excessive weight. The DC output voltage of 
the commercial supplies was found to vary as much as 1% due to usual 
line voltage changes and from drift attributed to charing characteristics 
of some of the components. Two power supplies were designed and con¬ 
structed to obtain the high stability required. Specifications and 
results of the tests performed are as follows; 

(a) The first regulated power supply (Fig, 5A) delivers 
400 volts DC with a maximum current of 80 milliamperes. It also supplies 
6o.3 volts AC at 7 amperes. The physical dimensions are 10,5" x 21" x 
14o75!,o It weighs approximately 50 pounds. The output connections are 
on a terminal strip located at the rear of the cabinet. The power supply 
is not grounded to the chassis. The ripple is less than 60 millivolts 
peak to peak. All resistors that may affect the stability of the output 
voltage are wire wound. The results of tests to determine percentage 
change of DC output voltage with change of output load and with change of 
line voltage are given by Graph 4. It will be noted that the maximum 
change of out pat voltage was 0.006$ for a change of AG input voltage 



-6- 

frora 100 to 130 volts and was 0.06$ for a change of output current from 
0 to 80 mllliamperes. Drift of output voltage was less than .01% during 
a one hour observation period. 

Cautions Do not turn on plate voltage switch until the filaments have 
been on for 30 seconds to avoid damaging the mercury vapor rectifiers. 

b0 Hie DC voltage regulated power supply (Fig„ 5B) which 
was designed to supply 750 volt3 at 150 milliamperes DC output has AC 
filament supply of 6.3 volts at 10 amperes. The power supply is not 
grounded to the chassis. The physical dimensions are 10.25" x 21" x 
14*75’' and the weight is approximately 60 pounds. The output connections 
are located at the rear of the cabinet on a terminal strip. The ripple 
is less than 60 millivolts peak to peak. Resistors that affect the 
stability of the output voltage are wire wound. Results of the tests to 
determine the percentage change of DC output voltage with change of out¬ 
put load and also with change of line input voltage are shown by Graph 5. 
Drift of output voltage was found to be less than .01$ during a one hour 
observation period. 

3. Wide-band Transformers (Bazookas) 

To transmit VHF power from the unbalanced output of the voltage 
generator to ths balanced antenna system^ it is convenient to use an 
unbalanced to balanced9 wide-band, transmission line type transformer 
(Fig. 6). Tills transformer is commonly called a bazooka or balun. It 
has a theoretical band width from l/2 to 3/2 of center frequency with 
approximately constant phase and Impedance ratios. Two units v^ere con¬ 
structed. One has a center frequency of 75 Mc/s and the other has a 
center frequency of 150 Mc/s. They were designed to have an input and 
output resistance of 75 ohms. 

4. VHF Power Meter 

A preliminary model of a hot wire power measuring device (Fig. 7) 
was built to measure the VHF power supplied to the transmitting antenna. 
The hot wire elements are used to measure current and voltage at the base 
of the transmitting antenna. It is desirable to measure current and volt-- 
age at the dr5.ving po nt of the antenna when transmitting the standard 
field to determine the magnitude of the antenna impedance. The hot wire 
elements were chosen in preference to thermoelements because of their 
relative freedom from the effect of ambient temperature change. A photo¬ 
cell is used to determine the power dissipated by the hot wire element. 
The current and voltage may be read from the calibration curves shown in 
Graphs 6 and R. The number of the element as given in the Graph corres¬ 
ponds to the number found on the housing of the hot wire elements. It 
will be necessary to improve the design of the present model to eliminate 
radiation from the connecting terminals and to eliminate the reactive 
impedance a3 seen at the input terminals. 



Co Miscellaneous Equipment Designed to be Used 
in the Standardization Program 

lo . Standard Receiving Antenna. 

The standard receiving antenna (Fig0 8) is used to check the value 
of field intensity, at a given position in space, as calculated from the 
measured value of power into the transmitting antenna„ It consists of an 
adjustable half-wave dipole which feeds a thermoelement with a heater of 
approximately 75 ohms resistance. This element is used to determine the 
power received by the antenna0 A precautionary note should be added 
regarding the use of thermoelements6 Since these devices are sensitive 
to ambient temperatures, care should be taken that they ar© operated at 
the ambient temperature at which they are calibrated. A calibration of 
the thermoelement is shown in Graph 80 

2o Antenna Impedance Measuring Device. 

In the measurement of field intensity, there arises the problem of 
determining the Impedance of an antenna system as a function of the 
height above the earth’s surface. It was considered possible to deter- 
mine the effective reflection coefficient and the earth constants by 
measuring an antenna impedance as a function of the antenna height above 
the earth's surface. To perform this experimental work, a single-fre¬ 
quency bazooka attached to a one-half wave length antenna (Fig. 9) was 
built to be used with an impedance measuring device such as a standing 
wave machine. 

Vo Setting up and Calculating the Standard Field 

A site for setting up the standard field was selected on the 
grounds of the Sterling Radio Propagation Laboratory0 The site is a 
moderately level tract of land without obstructions, such as trees or 
buildings, with dimensions of approximately 800 meters square. Plans 
have been mad© to level an area 200 by 600 meters in the center of the 
tract. A portable gasoline engine driven, 60 cycle, 110 volt generator 
is used to provide power until an underground hut with buried power lines 
is constructed in the center of the leveled area. Ibis site will make it 
possible to calibrate and check field intensity meters mounted in station 
wagons or cars. It will be possible to simulate conditions under which 
meters are used. Calibration includes the effect of the car body and 
orientation of the car with respect to the direction of travel of the 
received VHF wave on the field intensity measured. At a later date, a 
wire mesh may be laid over the leveled areato approximate a perfectly 
conducting plane surface. The calculations of the standard field intensity 
would then be independent of the ground constants. 
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During the calibration of a field intensity meter the transmitting 
antenna used to establish the standard field is placed at a measured 
distance from the receiving antenna of the field intensity meter at a 
given height above the ground. The standard field at the',receiving 
antenna is calculated from the power into the transmitting antenna and 
the boundary conditions. This RF field may be considered as the vector 
sum of three component waves. Ofte of the waves travels directly from the 
transmitter to receiver through the air and is termed the direct wave. 
Another of the waves may be considered to be reflected from the ground 
before reaching the receiving antenna and is termed the ground-reflected 
wavec The third wave is termed the surface wave. This wave is thought 
of as traveling along the surface of the bounding medium which is a plane 
surface in this problem. When the transmitting and receiving antennas 
are located near or on the surface of t e earth, power is furnished by 
this wave to the imperfectly conducting boxindary surface of the earth. 
The direct and ground-reflected waves combine into what is called the 
space wave. This terminology seems to be accepted by most writers and is 
obtained from the reports and articles by K. A. Norton. These papers 
should be referred to for the derivation of the general equations for 
propagation of RF waves over the surface of the earth. The formula used 
to calculate the vector sum of the surface and space waves is found in 
Norton’s report on The Calculation of Ground Wave Field Intensity over a 
Finitely Conducting Spherical Earth. 

The ground wave field intensity at short distances over a plane 
earth is given by the following formulas 

where s 

SPACE WAVE 

Direct Wave 
--A- 

j2TTR, 

Ground-reflected Wave s 
-A-—. 

j 2 IT R^' 

cos e * + r cos fze x 

Surface Wave 
a_ 

-f- (|-R) fiP, B) COS2f^e 
-( 

2T R.> 

*'■ j 
£ z Field intensity at position in question, the receiving 
^ antenna. 

Field intensity at a unit distance from the transmitter, 
considered in free space. 

d z Horizontal distance between transmitter and receiving 
antenna 



R-^ s length of direct path between transmitter and 
receiver antenna. 

= length of path of indirect wave from transmitter 
to receiver antenna. 

z angle between direct wave path from the transmitter 
to receiver and the earth’s surface 

z angle between indirect wave path from the transmitter 
to receiver and the earth's surface. 

R = reflection coefficient 

^ = surface wave attenuation function which is found 
as follows: 

f(P,B) = 1 ♦ j v/tr"p” e "Pl erfc (-j 

where 

P1 = PeJB 

and 

and 

pejB = TtRgX t | + (h» + h^ 

Acosb L Rj. 

rsr.r.Z-,1. 

Uc/s 

where 

€ = dielectric constant of the earth 

(T = conductivity of the earth 

f = frequency 



■10- 

h-^ s height of transmitting antenna above the 
earth’s surface (meters). 

h£ = height of receiving antenna above the 
earth’s surface (meters). 

X = wavelength in free space. 

Since the value of P was very large, the following series was used 
for calculations: 

Figure 10 gives a picture of the wave paths and location of receiving and 
transmitting antennas. The values for (d, R., R , X ) may be obtained 
by measurement and they shoula be evaluated in tne same units. The values 
for R and f (P,B) must be calculated from the ground constants, height of 
antennas above the ground and spacing between them. 

Choice of antenna heights above the earth’s surface, spacing between 
antennas, and the polarization must be made to establish the standard 
field. Consideration must be given to convenience of operation of equip¬ 
ment, the magnitude of possible error caused by erroneous values of ground 
constants, and the possibility of field components which could be consider¬ 
ed negligible. Horizontal polarization of the electric vector, antenna 
heights of the order of one-half wave length or more, and spacing of from 
20 to 300 meters were chosen as the most practical conditions to use in the 
beginning of the experimental work. Lev/ antenna heights approximately 
one-half wave length or so enable the operator to set up and adjust the 
antennas and associated equipment with a minimum effort. The major reason 
for the low heights is apparent from a study of the reflection coefficient 
formula which can be shown to be as follows: 

R 

Bh 
reflection coefficient for an electromagnetic 
wave with the electric vector perpendicular 
to the plane of incidence. 

s 1 z index of refraction of air. 

e + j % = index of refraction of the soil. 
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Since the earth’s surface is not a perfect conductor, will consist 
of a real and imaginary term which will be represented by Itl and RA’, res¬ 
pectively. 

% = + J %' 

sin2^2 cosb'-x 

SIN2^* 2 COS b1 + X + 2S1N i? COS(-~ *-45®)\/x COS b' 

2 sin^2 sin(*jr*~45° )\Tx cos b' 

S!N2^r2 COS b1 + X + 2 SIN COs(-~- 45°)</x~COS~br 

(% > b‘ , x ) have been defined previously. 

It is apparent from the above equations that as fz approaches 0°, 
approaches -1 and is less dependent on the ground constants. Since the 

surface wave attenuation factor is large for horizontal polarization, it is 
possible for the surface wave component of the standard field intensity to 
become negligible, even for close spacing of the transmitting and receiving 
antennas. 

A set of rigorous calculations were made to determine the value of the 
components of the standard field as a function of distance from the trans¬ 
mitting antenna. The transmitting and the receiving antenna heights above 
the earth's surface were chosen as 1-1/2 meters each and their spacing was 
from 20 to 350 meters. The earth's surface was considered to be a plane 
surface. The earth was considered to be of a homogeneous material with 
average soil constants of 15 for the dielectric constant and 5 x 10 "i4 
emu for the conductivity. The transmitting and receiving antennas were 
taken as l/2 wavelength electric dipoles. The frequencies used were 50, 
100, and 150 Mc/s. During experimental work, the antennas would be spaced 
so that only the radiation field need be considered. While making these 
rigorous calculations, several parameters were tabulated and graphs drawn 
so that future calculations could be made easily. 

The reflection coefficient was divided into the real and imaginary 
parts, and R" , respectively and plotted (Graph No. 9) against the 
angle yz . Th is enables the reflection coefficient to be read directly 
from the graphs. The ratio of the surface wave to the space wave was 
calculated as a function of distance from the transmitting antenna 

where 

H' 
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(Graph No. 10) to determine whether the surface ware could be neglected 
in future calculations. In Graph No. 11, the ratio of £ (the 
standard field intensity) to (the free space field intensity at a 
unit distance from the transmitter) was plotted against the distance from 
the transmitter to facilitate making calculations in the field. The field 
intensity at a given distance from the transmitter may be readily obtained 
by selecting the ratio f^om the above graph, by which must be 
multiplied. The antenna heights must be 1-1/2 meters and the ground con¬ 
stants the same as those used in the calculations for this graph to be 
applicable. The value of E^o may be calculated from the following 
formula in which the unit distance is one meters 

60 Tf/I ..— 

X 
where 

= field intensity in volts/meter 

“ effective length of transmitting antenna In meters 

I - VHF current measured at the terminals of the antenna 
(amperes), 

The value of obtained at a unit distance is used only for calcu¬ 
lation and does not represent the total field intensity at 1 meter from the 
transmitter antenna since field components other than the radiation fields 
have been nsglected. 

In the calculation of ground wave propagation over a plane earth, the 
effect of subterranean discontinuities must be considered. Fig. 11 shows 
an idealized example of the travel of th- grourd-reflected wave when dis¬ 
continuities are below the earth "s surface. Given the conductivity and 
dielectric constants of the earth and the subterranean rock layer, the 
error introduced by the rock laye■. may be calculated if the depth (d) 
beneath the surface, angle , and the fre queney are known. To de¬ 
termine the magnitude of the largest possible error in calculation of 
field intensity caused by these discontinuiti s, the rock base was con¬ 
sidered to be a perfect' reflector and the value of Em^ mS was compared 
with the value of the ground-reflected wave (Ep). The effect of the 
attenuation of the earth was included in the calculations. Eg is the 
value of the groond-reflected wave when the earth was considered homo¬ 
geneous. Preliminary calculations .indicated that the presence of a per¬ 
fect conductor closer than several meters below the reflecting surface of 
the earth could seriously alter the standard i'-ld This problem should be 
carefully examined. It may be found necessary to cover the surface with a 
wire mat to eliminate the effect of subterranean discontinuities, heter¬ 
ogeneities, and ground constants changing with the weauher. 



Conclusion 

The experimental field work planned has not been carried out since 
the work was terminated at the stage given in this report preparatory to 
turning the project over to the Ionospheric Measurement Standards Section, 
as standards in the frequency range for which this section is responsible * 
Preliminary models of the equipment have been designed and constructed as 
shown in the photographs but they have not been set up to determine the 
overall operating characteristics of the system. Preliminary calculations 
and the correlated graphs should be useful in making future calculations. 
Numerical data on which the graphs are based will be on file in the Micro- 
wave Measurement Standards Section. They were considered too bulky to be 
incorporated in this report. Such numerical data had to be calculated in 
full since published graphical material suitable for computation of wave 
propagation does not cover the transmitter-receiver distances used for 
field intensity standards work. There were no calculations made on the 
problem of determining the ground constants by measuring the antenna 
impedance as a function of height above ground. 

Acknowledgments 

The authors wish to acknowledge the useful advice obtained from 
Dr, Harold Lyons and Messrs. W. F. Snyder and J, J. Freeman, Thanks are 
due Messrs. F, Reggia and S. Miller for their cooperation and for their 
skillful construction of equipment. 



-H- 

A List of the Equipment Constructed is as Follows% 

Thermistor Bridge 

Attenuator Pad - Diode Voltmeter 

Standard Voltage Generator 

Standard Voltage Generator 

Regulated Power Supply 

Regulated Power Supply 

Wide Band Transmission Line 
Transformer 

Wide Band Transmission Line 
Transformer 

Power Meter 

Standard Receiving Antenna 

Antenna Impedance Measuring 
Device 

(40 - 90 Mc/s) 

(90 ~ 160 Mc/s) 

(400 Volts - 80 Ma DC 
output) 

(750 Volts - 150 Ma DC 
output) 

(center frequency - 

75 Mc/s) 

(center frequency - 
150 Mc/s) 

(adjustable) 

Photo No, 1(a) 

Photo No, 1(b) 

Photo No„. 2(a) 

Photo No, 2(b) 

Photo No, 2(c) 

Photo No, 2(d) 

Photo No, 1(c) 

Photo No, 1(d) 

Photo No, 3(c) 

Photo No, 3(b) 

Photo No, 3(a) 
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