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ENGINEERING EXPERIMENT STATION

% Georgia Institute of Technology

A Unit of the University System of Georgia

Atlanta, Georgia 30332
1 September 1982

Bell Laboratories
Crawfords Corner Road
Holmdel, New Jersey. 07733

Attention: Mr. Don Heirman

Subject: Monthly Progress and Financial Report No. 1,
Project A-3310, Purchase Order No. 540621,
“Spherical Dipole Emission Source,"
covering period 23 July 1982 to 30 August 1982

Gentlemen:

The objective of this program is to design, develop, and construct a
spherical dipole emission source which radiates a known and repeatable field
level at discrete frequencies from 30 MHz to 200 MHz. The specific tasks to be
performed are:

I. Mechanical design and construction of the spherical dipole
aperture,
II. Electrical design and construction of the circuitry required for
the signal generation, and
III. Performance evaluation of the spherical dipole source.

During this initial month, Task I and II were initiated with primary
emphasis being placed on Task I which is now 90% complete. A short description
of the work performed and the status of these two tasks is as follows:

Task I: Major emphasis this month was devoted to the mechanical design
and construction of the spherical dipole aperture. Detailed drawings of the

“spherical dipole aperture were completed and are given in Attachment I. Using
the NBS prototype as a design guide, modifications were made to electrically
feed the two hemispheres from rigidly soldered posts rather than the finger
stock used in the NBS prototype. Also, a rotary switch was incorporated into

AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION
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the mechanical construction so that the radiator could be turned on and off
without disasembling the sphere. ‘

The materials required for the mechanical construction of the spherical
dipole were purchased. The materials and the drawings were then sent to a shop
for the machining of the two brass hemispheres, the four brass posts, and the
two delrin rings. After the machining was completed, the spherical dipole was
assembled with a blank PC board in order to assure proper alignment and verify
mechanical rigidity and strength.

Task II: The electrical design of the signal generator (i.e., rf
oscillator/rf amplifier/pulse generator) was initiated this month. A block
diagram of the circuit was analyzed, and the major components of each block
were identified. After a review of available parts was performed, those with
minimum size and power consumption were chosen. The components were then
immediately ordered so that delays due to delivery time could be minimized.
Presently a detailed circuit is being designed and evaluated.

The power supply circuit (i.e., battery/battery monitor/voltage
regulator/indicator 1light) was also initiated this month. Presently, tests
are being performed on a variety of batteries to determine voltage drop with
respect to time using a representative 25 mA initial load. Various types of
batteries which are being tested include: alkaline, lithium, silver oxide,
and mercury batteries. Preliminary results of these tests are given in
Attachment II; these results show that for the batteries tested a standard 9V
alkaline battery seems to be the best choice. A battery monitor circuit has
been developed and tested which will shut off an indicator Tight when the
voltage level of the battery drops below a set level. The level is adjusted to
slightly higher than the minimum working voltage of the voltage regulator. In
order to minimize power consumption, the battery indicator light is flashed on
" “for approximately one second every five seconds.
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During the next reporting period, it is anticipated that Task I will be
completed and Task II will be continued. The financial report for this
initial period is given in Attachment III.

Respectfully submiEEgd,

J. C. Mantovani
Project Director, A-3310

JCM: gh

Approved:

Hugh #. Denny, Chief 4
Electromagnetic Compatibility Division
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MECHANICAL DRAWINGS OF
SPHERICAL DIPOLE APERTURE
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ATTACHMENT II

BATTERY VOLTAGE DROP WITH
RESPECT TO TIME FOR
A 25 mA INITIAL LOAD
FOR VARIOUS TYPES OF BATTERIES
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ATTACHMENT III - FINANCIAL REPORT

23 July to 30 August 1982

Contractual Man-Hours Cumulative Total
Labor Man-Hours Expended of Expended
Categories Proposed This Period Man-Hours
Principal
Research Engineer 164 8.5 8.5
Research Engineer I 738 120 120
Machinist/Technician 72 57.5 575

Secretarial/Clerical/
Technical Assistant 480 170 170



= Georgia Institute of Technology
}H ENGINEERING EXPERIMENT STATION
B ATLANTA, GEORGIA 30332

4 October 1982

Bell Laboratories
Crawfords Corner Road
Holmdel, New Jersey 07733

Attention: Mr. Don Heirman

Subject: Monthly Progress and Financial Report No. 2,
Project A-3310, Purchase Order No. 540621,
"Spherical Dipole Emission Source,'
covering period 1 September to 30 September 1982

Gent lemen:

The objective of this program is to design, develop, and construct a
spherical dipole emission source which radiates a known and repeatable field
level at discrete frequencies from 30 MHz to 200 MHz. The specific tasks to

be performed are:

I. Mechanical design and construction of the spherical dipole
aperture,
II. Electrical design and construction of the circuitry required for
the signal generation, and

III. Performance evaluation of the spherical dipole source.

Efforts this month were directed primarily to Task II on the design of
the signal generation circuitry. A short description of the worked performed
is given in the following paragraphs.

A preliminary schematic of the signal generation circuitry is given in
Figure 1. The component values given in Figure 1 are a result of a first cut
design performed during this reporting period. The signal generator circuit
consists of a Motorola K1152A CMOS crystal oscillator, which is used to
generate the 5 MHz fundamental signal; an amplifier - driver, which delivers
the required rf power to the diode; an input matching network, which matches
the output impedance of the amplifier to the impedance of the diode; an

impulse generator, which converts the input fundamental signal into a

AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION
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periodic pulse; and an output matching network, which matches the low output
impedance of the diode to the input impedance of the spherical dipole.

The heart of the circuit is the impulse generator section utilizing a HP
5082-0815 step recovery diode (SRD). The characteristically fast transition
time of the diode ensures a rise time of the output pulse train which is fast
enough to contain harmonics through 200 MHz. The drive inductor, LT’ in this
section is used to store energy so that when the diode switches from its on to
off state this energy is transferred to the spherical dipole in the form of a

transient current. The shorting capacitor, C is used to make the input

b
impedance of the impulse generator purely resistzve at 5 MHz by tuning out the
drive inductance. The SRD is dc biased through the self biasing resistor, RB.

In order to determine the performance of the SRD the impulse generator
section of the circuit was tested in a 50 ohm system. An HP 651A test
oscillator was used to drive the impulse generator. The values given in Figure
1 for the input matching network were changed in order to match the 50 ohm
output impedance of the test oscillator. The impulse generator was then
terminated into the 50 ohm input impedance of a Tektronics 492P spectrum
analyzer; the values of the output matching network were also varied in order
to match this load impedance. The results of these measurements, as depicted
in Figure 2, show that for a 5 MHz input signal with an amplitude of 5 volts
peak-to-peak, the output signal consists of harmonics from 30 MHz through 250
MHz whose amplitudes vary from -6 dBm to -20 dBm. Above 250 MHz the level of
the harmonics start to roll off and various resonant frequencies can be seen.
It is noted that the output levels of these signals should be of sufficient
amplitude to generate the specified minimum field intensity; however, the
circuit as tested is operating into a 50 ohm matched load. When the spherical
dipole is used as the load it will not be possible to match the load at all
frequencies and a loss of output power may be suffered. If such losses are
too great it may require the use of two or three output matching networks for
various frequency ranges; these networks can be switched in and out using a
three pole rotary switch rather than the single pole rotary switch which is
presently incorporated in the spherical dipole housing.

The 5 MHz crystal oscillator and VMOS amplifier -~ driver circuitry were
then used to drive the impulse generator while still using the spectrum

analyzer as the load. The value of the resistor, R,, which sets the bias

A’
current through the VMOS driver was initially set to draw 25 mA bias current.

This bias current however, was not sufficient to drive the impulse generator
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circuitry. The value of RA was then changed so that the bias current was
increased to 50 mA. The resulting output spectrum shown in Figure 3 was
similar to the previous measurement utilizing the HP 651A test oscillator as
the driver except that the output levels were decreased by approximately 10
dB. As the bias current was increased to 100 mA the output levels increased to
values equivalent to the previous measurement using the test oscillator as the
driver. Although the levels shown in Figure 3 for a 50 mA bias current should
be of sufficient amplitude to radiate the minimum required field intensity, a
50 mA load may be excessive and battery life time may be reduced. Next month,
tests will be performed to ensure that a 4 hour battery life time is possible
for a 50 mA load. Also, other possible amplifier -driver configurations will
be investigated to see if it is possible to drive the impulse generator with a
lower level of dc bias current.

Tests were also performed this month to measure the output frequency
drift versus time of two sample CMOS crystal oscillators. Results of this
test are given in Figure 4 and show that for a constant supply voltage the
maximum frequency change over an eight hour period is 4 Hz, which is much less
than the specified 4 kHz drift. Since the crystal oscillator will be driven
off a regulated supply, the frequency drift specification should be easily
met.

During the next reporting period it is anticipated that Task I and Task
I1 will be completed and that the signal generator circuitry will be
incorporated into the spherical dipole aperture. A financial report for this

reporting period is given in Attachment I.

Respectfully submitted,

J. C. Mantovani
Project Director, A-3310

Approved:

H. W. Denny, Chief ———|
Electromagnetic Compatibility Division
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ATTACHMENT I - FINANCIAL REPORT

1 September to 30 September 1982

Contractual Man-Hours Cumulative Total
Labor Man-Hours Expended of Expended
Categories Proposed This Period Man-Hours
Principal
Research Engineer 164 24.5 33
Research Engineer I 738 54 174
Machinist/Technician 72 57.5 57.5

Secretarial/Clerical/
Technical Assistant 480 123.5 293.5



S Georgia Institute of Technology

. E ENGINEERING EXPERIMENT STATION
ATLANTA, GEORGIA 30332

| |

3 November 1982

Bell Laboratories
Crawfords Corner Road
Holmdel, New Jersey 07733

Attention: Mr. Don Heirman

Subject: Monthly Progress and Financial Report No. 3,
Project A-3310, Purchase Order No. 540621,
"Spherical Dipole Emission Source,'" covering
period 1 October to 31 October 1982

Gent lemen:

The objective of this program is to design, develop, and construct a
spherical dipole emission source which radiates a known and repeatable field
level at discrete frequencies from 30 MHz to 200 MHz. The specific tasks to
be performed are:

I. Mechanical design and construction of the spherical dipole
aperture,

II. Electrical design and construction of the circuitry required for
the signal generation, and

III. Performance evaluation of the spherical dipole source.

Efforts this month were directed toward the completion of Task I and Task
II, and toward the incorporation of the signal generator into the spherical
dipole aperture. Efforts were also begun in Task III on preliminary
definitions of the measurement site and the measurement setup requirements
for each of the various performance evaluation tests. A short description of
the work performed in each task is given in the following paragraphs.

Task I. Measurements of the input impedance of the spherical dipole
aperture were performed this month using a GR-1710 network analyzer. Results
of these measurements are illustrated in Figure 1 showing both the magnitude
and phase of input impedance over the frequency range of 15 MHz - 250 Miz.
These results show that measured input impedance deviates significantly from

the theoretical input impedance. In particular, note the resonance at 157.5

AN EGUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION
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MHz where the phase angle of the input impedance passes through zero and the
magnitude nulls to its lowest value of 5 ohms. The metal posts which feed the
two hemispherical sections, add inductance to the input impedance and are
probably the cause of the resonance. The theoretical analysis did not account
for these posts. Also note that at frequencies below 100 MHz the input
impedance is almost completely capacitive, as theoretically predicted.
However, the value of the capacitance as calculated.from the measured value is
36 pf which is much higher than the predicted 5.5 pf. The measured input
impedance of the spherical dipole was modeled over the frequency range of
interest (i.e. 30 MHz-200 MHz) as the series RLC network shown in Figure 2.

Task II. The signal generator circuitry shown in the previous monthly
report was improved by changing the input impedance matching network thus
reducing the required total average current pull of the circuit to 40 mA.
Tests performed this month indicate that this amount of current drain can be
sustained for at least a four hour interval with the 9V batteries previously
chosen.

An output matching network was developed to match the theoretical input
impedance of the spherical dipole to the pulse generator circuitry.
Unfortunately, the input impedance measurements were performed after the
output matching network was developed. The resonance in the input impedance
of the spherical dipole at 157.5 MHz will have the effect of extremely
complicating the development of the output matching network. Two possible
solutions to this problem which will be investigated are: (1) the use of
multiple matching networks which can be switched in and out for different
frequency bands (i.e., possibly one frequency band below resonance, one band
centered at resonance, and one band above resonance) or (2) shifting the
resonance frequency of the dipole out beyond 200 MHz by increasing the gap
separation, thus reducing the capacitance between the two hemispheres. The
disadvantage of the later solution is that it will require additional milling
work which will delay the completion of the construction phase of the program
by possibly a week or more.

A preliminary printed circuit board was layed out and constructed so that
the signal generator circuitry could be incorporated into the spherical
dipole aperture, thus allowing tests of the signal generator circuitry when
it is operating into the input impedance of the dipole. Figure 3 shows the

completed pc boards with the electrical components, the switch, the
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Figure 2. Equivalent Model of the Input Impedance to the Spherical
Dipole Antenna.



batteries, and the connecting post all mounted to it. Figures 4 and 5 are a
pictorial representation of the assembly of the complete spherical dipole.

As a first cut test, the matching network previously developed for the
theoretical input impedance was used on the pc board and the spherical dipole
emitter was assembled to determine if it would radiate a field using this
simple output matching network. Results of this test were unsuccessful and
indicate that this matching network will not work. It is believed that the
input impedance of the spherical dipole loaded the output of the impulse
generator circuit thus pulling the step recovery diode out of its switching
state. Next month efforts will be continued to resolve this output matching
problem so that the spherical dipole emitter will become operational. Note
that preliminary tests performed on the circuit, in a conducted mode, indicate
that the amplitude drift and frequency drift requirements should be easily met
over a four hour interval.

Task III. Preliminary considerations were begun this month toward the
determination of the requirements of the measurement sites and measurement
setups used to perform the performance verification measurements for the
spherical dipole emitter. A computer program was also developed and tested
this month to be used with a HP-85 controller to perform the amplitude and
frequency drift measurements using automated equipment. These measurements
will be performed in an automated test setup due to the large number of points
which must be taken.

During the next reporting period it is anticipated that the output
matching network problem will be resolved and that the performance
evaluations tests in Task III will be initiated. A financial report for this

reporting period is given in Attachment I.

Resnectfullv submitted.

John C. Mantovani
Project Director

Approved:

 H. W. Denny, Chief p;\:;§
Electromagnetic Compatibility Divis¥on



(a) Component Side of PC Board

(b) Trace Side of PC Board

Figure 3. Assembled PC Board of the Spherical Dipole Circuitry
Showing Placement of Electrical Components, Rotary

Switch, Connecting Post, and Batteries



(a) PC Board Mounted in Delrin Ring Spacer

(b) Unassembled View

Figure 4. Unassembled Spherical Dipole Emitter Showing PC Board
Mounted in Delrin Ring Spacer and the Two Brass Hemispherical
Sections with Attached Feed Post.



(a) Half Assembled View

(b) Assembled View

Figure 5. Assembled Spherical Dipole Emitter Showing PC Board and
Delrin Ring Attached to Lower Brass Hemispherical Sectiom
and Complete Assembled View.



ATTACHMENT I - FINANCIAL REPORT

1 October to 31 October 1982

Contractual Man-Hours Cumulative Total
Labor Man-Hours Expended of Expended

Categories Proposed This Period Man-Hours
Principal
Research Engineer 164 8 41
Research Engineer 1 738 195 369
Machinist/Technician 72 57.5 57.5
Secretarial/Clerical/
Technical Assistant 480 43.5 337



ENGINEERING EXPERIMENT STATION
el Georgia Institute of Technology
*AéB A Unit of the University System of Georgia
Atlanta, Georgia 30332

1 December 1982

Bell Laboratories
Crawfords Corner Road
Holmdel, New Jersey 07733

Attention: Mr. Don Heirman

Subject: Monthly Progress and Financial Report No. 4,
Project A-3310, Purchase Order No. 540621,
"Spherical Dipole Emission Source,' covering
period 1 November to 30 November 1982

Gentlemen:

The objective of this program is to design, develop, and construct a
spherical dipole emission source which radiates a known and repeatable field
level at discrete frequencies from 30 MHz to 200 MHz. The specific tasks
to be performed are:

I. Mechanical design and construction of the spherical dipole
aperture,

II. Electrical design and construction of the circuitry required for
the signal generation, and

ITI. Performance evaluation of the spherical dipole source.

This month emphasis was placed in Task II on the finalization of the
signal generation circuitry, and on the initiation of Task III in the
performance evaluation of the spherical dipole source. A short description

of the work performed is presented in the following paragraphs.

Task 11

The complete schematic of the signal generation circuitry is shown in
Figure 1. The component values and part numbers given in Table I are

equivalent to those on the printed circuit board presently employed in the

AN EQUAL EMPLOYMENT EQUCATION OPPORTUNITY INSTITUTION
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Spherical Dipole Emission Source.



TABLE I

PARTS LIST FOR SIGNAL GENERATOR CIRCUIT

I

Resistors Capacitors - Transistors
R1 - 330Q Ccl -1 uf Tl - 2N5828
R2 - 1.0 k@ C2 -1 yuf T2 - 2N2222
R3 - 220 kQ C3 -1 uf T3 - ECG311
R4 =~ 220 kQ C4 -1 pf T4 - 2N3904
R5 - 150 Q C5 -4 pf T5 - 2N3906
R6 - 150 & c6 -1 uf
R7 =~ 120 @ C7 - Open Batteries
R8 - 1.0 k@ c8 -1 uf
R9 - 1.0 k@ c9 -1 uf Bl - 9V Alkaline

R10 - 100 R Cl0 - 0.1 uf B2 = 9V Alkaline
R11 - Short Cll - 0.1 uf
R12 - 3.6 MQ Cl2 - 1 uf Integrated Circuits
R13 - 330 k@ C13 -~ 47 uf
R14 - 1.0 k@ Cl4 - 10 uf I1Cl - PMI (REF-02)
R15 - 120 k@ IC2 - MOT. (K1152A-5.00)
R16 - 120 k@ Inductors IC3 - LM317
R17 - 120 kQ IC4 - 7555N
R18 - 56 kQ Ll - 0.18 H IC5 - LM2903N
R19 - 120 k@ L2 - 0.1 H
R20 - 22 kQ Switch
R21 - 22 kQ Diodes
R22 - 330 Q SWl - Centralab (P-501)
R23 - 22 kQ Dl - HP-5082-0815
R24 - 1.0 kQ D2 - Red Led
R25 - 100 @ D3 - IN914
D4 - IN914




spherical dipole housing. All of the performance data shown in this report

are the results of measurements performed on this printed circuit. The
signal generator circuitry is divided into three major sections: RF
generator, output controller, and output indicator. The dc power for the
spherical dipole 1is supplied by two standard 9 volt batteries. The

batteries are connected in parallel in order to supply the required current
drain at 50 mA for a least a 4-hour period.

The RF generator circuitry can be divided into the following stages:
dc power regulator, 5 MHz signal source, 5 MHz amplifier, impulse
generator, output matching network, and output driver. The dc regulator
circuitry is composed of two individual components--a 5 V Precision
Monolithic voltage reference (ICl) which is used to power the 5 MHz crystal
oscillator, and a 5 V voltage regulator (IC3) which is used to power the
remaining circuitry. The voltage reference is used to power the 5 MHz
crystal oscillator since it only requires an input current of 1.1 mA. The
voltage regulator powers the reﬁaining circuitry since the voltage
reference cannot supply the required current drain. This configuration
otpimizes the stability of the output field levels since they are strongly
dependent on changes in the output of the 5 MHz crystal oscillator, and
since the voltage reference is more stable than the voltage regulator. A
Motorola K1152A CMOS crystal oscillator (IC2) is used as the 5 MHz signal
source offering the advantages of small size, low power consumption,
precise frequency stability, and precise output level stability (with
constant input voltage). The 5 MHz amplifier stage utilizes two bipolar
transistors in a Darlington configuration (Tl, T2) with the output
transistor in a common collector stage, thus offering the advantages of a
high input impedance, low output impedance, current amplification, and a
low parts count. The impulse generator circuit utilizes a step recovery
diode, SRD, (Dl1) with a characteristically fast transition time to ensure
that the output of the pulse train has a rise time which is fast enough to
. contain harmonics through 200 MHz. The drive inductor (Ll) in this section
is used to store energy so that when the diode switches from its on to off
state this energy is transferred to the spherical dipole in the form of a
transient current. The SRD is dc biased through the self biasing resistor
(R6). The output matching network (L2, C5, R7) is used to present the

proper load impedance to the impulse generator circuit and is configured as



a low-pass filter with a cutoff frequency of 250 MHz. The output driver
circuit utilizes a high frequency BJT transistor configured in a common
collector stage in order to present a low output impedance maximizing the
input current to the antenna.

The output controller circuit consists of a manual on/off switch which
is used to turn off the output field by removing the battery power from the
signal generator circuit, and an automatic on/off switch which removes the
battery power when the battery voltage drops below the voltage required to
maintain regulation. The manual on/off switch (SW1) is a subminiature 2-
position rotary switch which is mechanically attached to the two spherical
dipole halves; thus, when the spherical dipole is assembled, the output
field can be turned on and off, without disassembly, by rotating the two
sphere halves in opposite directions. The automatic on/off switch utilizes
a comparator (IC5) to monitor the battery dc voltage comparing it to the
regulated +5 voltage. When the battery voltage drops below 7.0 volts,
regulation can no longer be maintained. Thus, the comparator output is set
to switch from its normally high state to a low state when the battery
voltage equals 7.0 volts. When the comparators output drops to its low
state, transistor T4 is shut off which in turn shuts transistor T5 off,
thus removing the battery voltage from the complete signal generator
circuit. The automatic on/off switch is initially allowed to turn on by
the initial transient which is conducted through the initializing capacitor
(Cl4). The resistor (R25) connected to the second position of the manual
on/off switch is used to discharge the initializing capacitor (Cl4) when
the circuit is turned off.

The output indicator circuit utilizes a flashing LED (D2) to visually
indicate that the field is turned on. The LED is pulsed at approximately a
one second repetition rate and a 10 percent duty cycle; thus, power
consumption used in the output indicator «circuit is reduced by
approximately 90 percent from the power consumption required to have the

.LED on continuously. The pulse rate and duty cycle are controlled by the
7555 timer (IC4), resistors (R12 and R13), and capacitor (Cl0). The 7555
timer is a CMOS version of a 555 timer. The CMOS version is used since its
power dissipation is much less than the 555 timer. The output indicator

circuit is powered by the 5 volt regulator; thus, when the battery voltage



drops below the required 1level to maintain regulation, the output

controller circuit turns off the LED flasher as well as the radiated field.

Task III

Preliminary measurements were performed this month in order to verify
that the spherical dipole source would meet the required performance
specifications. In particular, measurements were made of the frequency and
amplitude drift of the signal source as a function of time and of the
relative radiated field 1levels. In addition, an outdoor open area test
site was constructed and spot measurements of the site attenuation factor
were performed.

The amplitude and frequency drift of the spherical dipole source was
measured as a function of time utilizing a new set of Duracell alkaline 9
volt batteries. These measurements were performed in an automated
measurement setup utilizing an HP-85 desktop computer as the controller, a
Tektronics 492P spectrum analyzer as the receiver for the amplitude
measurements, and an EIP 548A frequency counter to perform the frequency
drift measurements. These measurements were performed in a conducted mode
as shown in Figure 2 and are representative of the radiated field when the
circuit is operating in the spherical dipole housing. Results of these
measurements are given in Attachment I. Note from these plots that a 7.5
hour battery life time was realized before the output control circuit
removed the battery voltage easily meeting the four-hour operating time
requirement. From the plot of the frequency drift of the 35 harmonic (175
MHz) it is seen that a maximum frequency drift of only 120 Hz was measured
during the entire battery life time. Thus, the frequency drift of the 40th
harmonic (200 MHz signal) would be 137 Hz over the entire battery lifetime.
Also note from the plots of the output levels at each frequency that +1 dB
amplitude variation over a 4 hour interval is also easily met at each
frequency.

The output levels of the signal source were measured at each frequency
with the circuit operating in the following three configurations: (1)
using the 50 ohm input impedance of the spectrum analyzer as the
terminating impedance, (2) using the spherical dipole input impedance in
parallel with the 50 ohm input impedance of the spectrum analyzer as the

terminating impedance, and (3) radiating into a TEM chamber. Figures 3, 4,



50 ohm

Load
Signal 6 dB Tektronics
Generator p————®{ Directional [————® 492P
Circuit Coupler Spectrum
Analyzer
Tunable HP-IB
Band-Pass Interface
Filter '
EIP 548A HP - 85
Frequency ——— Desk-Top
Counter Computer

Figure 2. Block Diagram of Automated Measurement Setup Used to
Perform Amplitude and Frequency Drift Measurements as
a Function of Time.
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Figure 3. Output of the Signal Generator Circuitry Terminated
with the 50 ohm Input Impedance of a Tektronics 492P
Spectrum Analyzer.
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Figure 4. Output of the Signal Generator Circuitry Terminated
with the Spherical Dipole Antenna in Parallel with
the 50 ohm Input Impedance of a Tektronics 492P
Spectrum Analyzer.
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Figure 5. Output of the Signal Generator Circuitry Terminated
with the Spherical Dipole Antenna Radiating into a

TEM Chamber.
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and 5 show the results of these measurements, respectively. Each of these
figures consist of two photographs of the spectrum analyzer display, one
showing the frequency range of interest (0 to 200 MHz) and one showing the
frequency range between 0 and 1000 MHz. Figure 3 shows that the conducted
output levels between 30 MHz and 200 MHz vary approximately 18 dB and that
output signals are present above the spectrum analyzer noise floor as far
out as 900 MHz. Note, from Figure 4 that the impedance of the spherical
dipole tends to attenuate the output levels of the higher harmonics while
the output levels in the required frequency range are generally unaffected.
Figure 5 shows the relative radiated field levels of the spherical dipole
source operating in a TEM cell. Note, that resonance of the spherical
dipole input impedance at approximately 120 MHz introduces a 12 to 14 dB
null in the field level at this frequency. Also, note that the radiated
field levels generally increase with increasing frequency over the 30 to
200 MHz frequency range, whereas the conducted levels shown in Figures 3
and 4 decreased with increasing frequency. This phenomena can be explained
by the fact that the radiation efficiency of the spherical dipole tends to
increase with incresing frequency since the aperture is a larger fraction
of a wavelength.

One spot measurement of the field density in an anechoic chamber was
made at 200 MHz for a 3 meter separation distance between the spherical
dipole source and the receiving antenna. A tuned dipole was used for the
receiving antenna and the field density was calculated from the received
power level to be -60 dBm/m2 (56 dB 1 V/m) which is 26 dB above the minimum
required level. Thus, if it is assumed that the relative radiated field
levels on the outdoor field site will be equivalent to those measured in
the TEM cell, then the field intensities of all the signals in the 30 to
200 MHz frequency range should be above the minimum specified field level.
In particular, note from Figure 5 that the lowest field component is at 120
MHz and it is approximately 14 dB below the level of the 200 MHz field

_component. Since the power received can be calculated from the equation

PDGR

P=———-—2
4 1 A

r ’

the power density at 120 MHz can be approximated to be =70 dBm/m2 (46

dBy V/m) which is still 16 dB above the minimum required level.
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Efforts this month were also placed on the construction of an outdoor
open area test site. A 9 meter by 6 meter ground plane was constructed out
of a one-inch wire grid. All of the joints were tied together with 22 AWG
solid tinned copper wire. Using a torch, these joints were then
continuously soldered together. An antenna mount for the spherical dipole
was constructed out of 2.5 inch OD plexiglass tubing. The mount was
constructed so that it could either sit on a flat surface or be attached to
a tripod utilizing a 1/4~20 screw-on. A polarization alignment jig was
also fabricated so that the spherical dipole antenna could be easily
aligned in both vertical and horizontal polarization. Initial spot
measurements of the site attenuation factor indicate that the reflectivity
of the area does meet the requirements set forth in the ANSI document
C63.2.

During the next reporting period, it is anticipated that the absolute
field level measurements will be performed on the open area test site and
that the horizontal and vertical polarization azimuth radiation pattern
measurements will be performed. 1In addition a second spherical dipole will
be constructed identical to the first under P. 0. No. 562,084. A shipment
and storage container will also be constructed for both antennas and will
accommodate both the spherical dipole antenna, the antenna mount, and the

polarization alignment jig.

Respectfully submitted,

J. C.Mantovani
Project Director, A-3310

JCM:gh

Approved:

H. W. Denny, Chief
Electromagnetic Compatibility Division
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ATTACHMENT I

FREQUENCY AND AMPLITUDE

DRIFT MEASUREMENT RESULTS
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ATTACHMENT II - FINANCIAL REPORT

1 November to 30 November 1982

Contractual Man-Hours Cumulative Total
Labor Man-Hours Expended of Expended

Categories Proposed This Period Man-Hours
Principal
Research Engineer 164 8 49
Research Engineer I 738 198 567
Machinist/Technician 72 57.5 57.5
Secretarial/Clerical/
Technical Assistant 480 42 379
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FOREWORD

This report was prepared by the Electronics and Computer Systems Labora-
tory of the Engineering Experiment Station (EES) of the Georgia Institute of
Technology. The work was performed for Bell Laboratories/American Bell, Inc.
under EES Project A-3310. The described work was conducted under the general
supervision of Mr. F. L. Cain, Director of the Electronics and Computer
Systems Laboratory; Mr. H. W. Denny, Chief of the Electromagnetics
Compatibility Division; and Mr. J. C. Mantovani, Project Director. The
report summarizes the design, construction, and calibration phases of a 5-
month technical effort directed to developing a spherical dipole emission
source for use as a standard radiating reference.

The author wishes to express his appreciation to Mr. W. B. Warren,
Assistant Director of the Electronics and Computer Systems Laboratory, for
his technical assistance in the design phase of the spherical dipole
transmitter circuitry, and to Mr. J. P. Rohrbaugh and Mr. J. G. Hotchkiss for
their overall assistance in the design, construction, and calibration phases

of the program.
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1.0 INTRODUCTION

The Federal Communications Commission limits radiated RF emissions; most
recently, emphasis has been placed on computing devices. A test site
description and emission testing procedures for evaluating compliance with
these emission requirements has recently been set forth in ANSI Standard
C63.4 [l]. Because of variations between test sites such as ground plane
conductivity and the presence of reflecting objects (cables, equipment,
support structures, etc.), the levels of the radiated emissions measured from
a particular device can vary from one test site to another. To minimize the
site dependency of measured radiated emission levels, extreme care must be
taken to assure that test sites are made as similar as possible in both the
geometrical layout and the electrical characteristics.

One approach to achieving and assuring test site comparability is to
utilize an emitting device having known and repeatable radiation properties
as a transfer standard. By comparing the measured levels of the EM fields
produced by this "standard radiating reference'" at different test sites, test
site variations can be defined.

1.1 Program Objective

This report summarizes the results of a program whose objective was
the design, construction, and calibration of an emission source which could
serve as such a '"standard radiating reference''. The source was required to
operate over the frequency range from 30 MHz to 200 MHz, radiate an
omnidirectional field in the plane normal to the axis of the source, and
generate an electromagnetic field with a known and highly repeatable field
strength level.

To satisfy the above objective, major efforts under the program were
directed to: (1) developing a signal generation scheme which would cover the
desired frequency range, maintain the desired stability, and produce the
desired output power level; (2) constructing the source transmitter/antenna
configuration; (3) verifying that the design goals were satisfied; and (4)
calibrating the two sources which were constructed.

1.2 Performance Goals

The performance goals of the emission source are given in Table I.

As seen from this table, the source was required to either be continuously



TABLE I
PERFORMANCE GOALS OF TRANSMITTING SYSTEM

Frequency Range 30 MHz - 200 MHz
Emission Characteristics Continuous or Less Than 10 MHz Increments
Field Strength Level A Minimum Level of 30 dBuV/m Measured at

3-meter Horizontal Separation, Over Entire
Frequency Range

Battery Life 4 Hours Minimum

Frequency Stability Less Than 4 kHz Drift Over a Four Hour
Interval

Amplitude Stability Less Than T 1 dB Drift Over a Four Hour
Interval

Amplitude Repeatability Within ¥ 1 dB

Radiation Characteristics Typical Dipole Donut Pattern Throughout

Entire Frequency Range; Omnidirectional
(Less Than * 2 dB Variation For 360
Degree Rotation) In Plane Normal to the
Axis of the Dipole, and Maximum Field
in Plane Going Through Center of Dipole
and Normal to It




tunable or generate discrete, evenly-spaced signals (maximum of 10 MHz
between each signal) over the 30 MHz to 200 MHz frequency range, and provide a
minimum field strength level of 30 dBuV/m over this frequency range, at a
horizontal distance of 3 meters from the source. The frequency and amplitude
drift of the radiated field at each frequency were specified to be less than 4
kHz and + 1.0 dB, respectively. The radiation characteristics of the
transmitting system over the entire frequency range were specified to be
equivalent to the donut pattern associated with an electrically small
antenna. Particularly, the characteristics of the field in the plane normal
to the axis of the transmitting system were to be omnidirectional with less
than + 2 dB variation throughout the entire 360 degree rotation.

1.3 Design Approach

The radiated field generated by a conventional transmitting system
is usually affected by the placement/position and electrical length of the
coaxial cable connecting the transmitting antenna to the remotely located
transmitter. Errors in the amplitude of the radiated field caused by cable
placement and positioning require that the transmitting system must be
completely self contained. The basic design concept was to place the
transmitting circuitry and associated power supply physically inside the
radiating aperture. In this manner the transmitting system could be placed in
the test site and operated in the absence of any connecting cabling.

This design concept was based on the result of a fixed frequency 30 MHz
spherical dipole radiator constructed at the National Bureau of Standards
(NBS) and used in the evaluation of the receiving properties of TEM cells [ 2 ].
This basic deéign was used as a prototype for the design of broadband
transmitting system meeting the design goals given above. The spherical
dipole design offers the advantages of (1) being completely self-contained
with no interconnecting cables, thus eliminating possible errors caused by
cable placement and positioning; (2) providing the physical room necessary
for housing the transmitter circuitry by forming the spherical dipole out of
two hollow hemispherical sections; (3) having radiation characteristics which
can be analytically determined, and which are consistent with the desired
radiation characteristics of the transmitting system; and (4) minimizing
interactions between the transmitting system and the receiving antennas since

its size can be kept electrically small.



Although this approach eliminates problems caused by cable placement, it
places several limitations on the design. Since it 1s desired to keep the
spherical dipole electrically small such that it acts as a '"point source
radiator," the physical size of the spherical dipole is set by the operating
frequency requirements. Thus, a limitation is placed on the physical size of
the transmitter circuitry and on the batteries used to power the transmitter.
Since the physical size of the batteries is limited the available power from
the batteries is also limited. This, in turn, places a limit on the output
field levels for a given battery life.

In order to simplify the transmitter circuitry and correspondingly mini-
mize its physical space requirements, a transmitter which covers the desired
frequency range with discrete, rather than continuous tuning, evenly-spaced
signals, was used. This approach was chosen because it minimized space
requirements and because the frequency stability of a discrete coherent
frequency transmitter using frequency synthesis is much better than the
frequency stability of a continuously tunable transmitter. The form of
coherent frequency synthesis used involves the generation of a pulse train
with a high harmonic content from a single CW signal source. Fourier analysis
shows that the frequency spectrum of the pulse train contains the fundamental
frequency plus all of its harmonics up to some frequency limit which is set by
the rise and fall time of the pulse as well as by the pulse width. In this
manner, the frequency stability of each signal component is harmonically
related to the single fundamental source frequency which can be made highly

stable through the use of crystal control.



2.0 DESIGN AND CONSTRUCTION

The design and construction of a spherical dipole source which radiates a
known and repeatable signal at discrete frequencies from 30 MHz to 200 MHz can
be categorized into two major subsections: (1) the mechanical design and
construction of the spherical dipole antenna and mounting apparatus, and (2)
the electrical design and construction of the transmitter circuitry.

2.1 Mechanical

The spherical dipole source development began with the mechanical
design and construction of the spherical dipole antenna. The antenna was
designed to serve the dual purpose of being the radiating aperture and housing
the transmitter and power supply. A mount for the spherical dipole source and
an associated polarization alignment tool were also included in the
mechanical design and construction phase of the program.

2.1.1 Spherical Dipole Antenna

The overall design of the spherical dipole antenna was based on the
National Bureau of Standard's 30 MHz, 10 cm diameter spherical dipole radiator
(as requested in RFQ No. 82-42-PRG). Several modifications were made to
improve the mechanical rigidity and assembly of the NBS prototype, although
the overall dimensions (10 cm diameter and 1/8 inch gap spacing) were left
unchanged.

A cross-sectional view of the spherical dipole antenna is illustrated in
Figure 1. A complete set of mechanical drawings showing the dimensions and
details of the various pieces of the antenna are given in Attachment I. The
hemispherical sections, the feed posts, and the attachment posts of the
antenna were all machined out of brass, while the spacer ring and the
attachment ring were machined out of Delriézz a dielectric material.

The transmitter circuitry is mounted on the printed circuit board, which
is mounted securely in the spacer ring with the attachment ring and three
teflon screws, as shown in Figure 1. A rotary switch is mounted at the center
of the PC board so that the transmitter can be turned on and off without
disassembling the sphere. The two feed posts, shown in Figure 1, are rigidly
soldered to the two hemispherical sections. Assembly of the spherical dipole
is accomplished through a clockwise rotation of the threaded feed posts into

the attachment posts which are rigidly secured to the rotary switch. The stop
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nuts on the feed posts are set so that the feed post will stop threading into
the attachment post when the hemispheres come into contact with the spacer
ring. A further clockwise rotation of the lower hemisphere will thus cause
the rotary switch to energize the transmitter, while a counter-clockwise
rotation will turn it off.

2.1.2 Antenna Mount and Alignment Tool

An electrically transparent mount was designed and constructed to
hold the spherical dipole when in use. The mount was designed such that it
could either sit on a flat surface or be attached to a tripod which utilizes a
1/4-20 set screw (typically used on antenna tripods). The spherical dipole
can be oriented on the mount to support either vertical or horizontal polar-
izations. Accurate and repeatable polarization alignment is accomplished
through the use of the polarization alignment tool which is incorporated into
the design of the antenna mount.

A perspective view of the spherical dipole and mount is illustrated in
Figure 2. The mount is fabricated out of plexiglas using 2.5 inch (6.4 cm)
outer-diameter tubing for the support cylinder and a 1/4 inch (0.64 cm)
plexiglas sheet for the base plate. When the spherical dipole is placed in
the cylindrical antenna mount, its center is 11-1/8 inches (28.3 cm) above the
surface that the mount is placed upon. The horizontal distance from the
center of the spherical dipole to the edge of the base of the mount is equal to
3 inches (7.6 cm). Horizontal separation between the spherical dipole and
receiving antenna can then be measured by subtracting 3 inches (7.6 cm) from
the desired separation and using the base of the mount as a reference point.

Figure 3 is an illustration of the alignment tool placed on the antenna
mount. The top horizontal edge of the half cylinder and the rounded edge of
the vertical blade are used as reference lines for proper polarization align-
ment. For vertical polarization, the top edge of the spacer ring on the
spherical dipole is placed even with the top horizontal edge of the alignment
tool, as seen in Figure 4. For horizontal polarization, the spacer ring is
centered on the vertical edge of the center blade of the alignment tool, as
seen in Figure 5. After the spherical dipole is placed on the antenna mount
and aligned for the desired polarization, the alignment tool is carefully
removed from the mount. The mechanical drawings of the antenna mount and

alignment tool are given in Attachment II.
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Figure 3. Alignment Tool and Mount for Spherical Dipole Source.
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Figure 4. Spherical Dipole Mounted for Vertical Polarization Using
the Top Horizontal Edge of the Alignment Tool
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Figure 5. Spherical Dipole Mounted for Horizontal Polarization Using
the Vertical Edge of the Center Blade of the Alignment Tool
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2.2 Electrical

As previously discussed, the design of the transmitter involved the
generation of multiple discrete frequency signals throughout the specified
frequency range of 30 to 200 MHz. These signals were generated using a pulse
train with a 5 MHz pulse repetition rate. Through Fourier analysis it can be
shown that the frequency spectrum of the pulse train contains the 5 MHz
fundamental signal and all of its harmonics up to a frequency limit which is
set by the pulse rise and fall times and by the pulse width. This technique
has the advantage of coherent synthesis in that the frequency stability of all
of the signal components are dependent on a single signal source. In
particular, if a crystal controlled frequency source is used to drive an
impulsé generator, then the frequency stability of each harmonic will be equal
to the frequency stability of the crystal controlled source multiplied by its
harmonic number. The amplitudes of the harmonics generated by the impulse
generator are influenced by the load impedance presented to the impulse
generator. Thus, through the proper design of an output matching network, a
relatively uniform amplitude distribution can be obtained over the specified
frequency band.

A complete block diagram of the transmitter is shown in Figure 6. The
three major sections of the transmitter are (1) the RF generator, (2) the
power supply, and (3) the output indicator. The RF generator is the heart of
the transmitter circuitry since it delivers the RF signal to the antenna. The
RF generator consists of a 5 MHz signal source, a 5 MHz amplifier, an impulse
generator, a matching network, and an output driver circuit. The power supply
serves the dual purpose of suppling power to the transmitter circuitry and
controlling the radiated output by monitoring the power source life. The
power supply includes a dc power source, an output controller, and a dc
regulator. The output indicator visually indicates that the transmitting
system is energized by flashing a light emitting diode (LED) at a periodic
rate set by the timer circuitry.

The required electronic circuitry used to implement the block diagram
shown in Figure 6 is discussed in the following three subsections. The
component values and part numbers for the components shown in the schematic

diagrams are presented in Attachment IIIL.
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2.2.1 RF Generator

The schematic diagram of the RF generator circuitry is shown in
Figure 7. The CMOS crystal oscillator (ICl) used as the 5 MHz signal source
offers the advantages of small size, low power consumption, precise frequency
stability, and precise output level stability (with constant input dc supply
voltage). The 5 MHz amplifier stage utilizes two bipolar transistors (Tl, T2)
in a Darlington configuration with the output configured as a common collector
stage, thus offering the advantages of high input impedance, low output
impedance, current amplification, and low parts count. The impulse generator
circuit utilizes a step recovery diode (D1) with a characteristically fast
transition time to ensure that the output of the pulse train has a rise time
which is sufficient to generate harmonics through 200 MHz. The drive inductor
(L1) in this section is used to store energy so that when the diode switches
from its on to off state this energy is transferred to the spherical dipole
antenna in the form of a transient current. The step recovery diode 1is dc
biased through the self biasing resistor (R5). The output matching network
(L2, €5, R6, C6, Pl) is used to present the proper load impedance to the
impulse generator circuit and is configured as a broadband matching network
with a cutoff frequency of 250 MHz. The 3:1 transformer (Pl) is used to step
up the input pulse level driven into the bipolar transistor (T3) used in the
output driver circuit. This circuit is configured as a class C amplifier with
transistor (T3) biased off. When the input voltage applied to the base of the
transmitter exceeds 0.7 volts the transistor is turned on and is quickly
driven into saturation. Since the input signal to the transistor is a pulse
train with a low duty cycle, a significant savings in battery current drain is
obtained over a Class A amplifier. Also, since the supply current is fed
through an inductor (L3), no dc voltage drop occurs and the output voltage can
swing higher than the supply voltage, due to the stored energy in the magnetic
field of the inductor. The result is an output waveform which is a pulse
train with an amplitude of approximately 22 volts peak and a rise time which
is fast enough to ensure output harmonics through 250 MHz.
Measurements of the input impedance of the spherical dipole antenna were
performed using a GR-1710 network analyzer. The results of these measurements
are illustrated in Figure 8 showing both the magnitude and phase of the input

impedance over the frequency range from 15 MHz to 250 MHz. Note the resonance
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at 157.5 MHz where the phase angle of the input impedance passes through zero
and the magnitude nulls to its lowest value of 5 ohms. (It is believed that
the inductance of the metal posts which feed the two hemispherical sections
cause this resonance condition.) Also note that at frequencies below 100 MHz
the input impedance 1is almost completely capacitive, as theoretically
predicted [3]. The value of the capacitance as calculated from the measured
impedance data is 36 pf, while the calculated inductance is 0.028 yH. The
input impedance of the spherical dipole can be modeled from the measured data
as the series RLC network shown in Figure 9.

The value of the radiation resistance of electrically small antennas is
known to be proportional to frequency squared [4]. Thus, the value of the
resistor R in the equivalent model is found by noting that at resonance
(157.5 MHz) the input impedance is purely resistive and, from Figure 8, is
equal to 5 ohms. From this measurement the proportionality constant is easily
found to be 2.02 x 10—16 by dividing 5 ohms by the square of the frequency of
resonance.

2.2.2 Power Supply

Figure 10 shows the schematic diagram of the power supply circuitry
for the spherical dipole transmitter. The dc power is supplied by two
standard 9 volt batteries connected in series. In order to maintain dc
regulation, the battery voltage must be equal to or greater than 11.5 volts.
Thus, the dc power supply life can be defined to be the time required to drain
the battery voltage to 11.5 volts. Results of measurements performed indicate
that a 9 volt alkaline battery will drain from 9 volts to 6.1 volts in 6 hours
for an initial current drain of 55 mA, as seen in Figure 11l. Since this is
approximately equal to the total current drain of the transmitting circuitry,
two 9V batteries in series will provide a dc power supply life of
approximately 6 hours.

The output controller is used to manually turn the transmitter on and off
and to automatically deenergize the transmitter when the battery life 1is
exhausted. The manual on/off switch (SWl) is a subminiature 2-position rotary
switch which is mechanically attached to the two spherical dipole halves. As
previously discussed, this switch is used to manually energize/deenergize the
transmitter by rotating the two brass hemispheres of the assembled spherical

dipole in opposite directions. The automatic on/off switch utilizes a
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comparator (IC2) to compare the battery dc voltage to the regulated supply
voltage. The comparator output is set through resistors R8, R9, and R1O0 to
switch from its normally high state to a low state when the battery voltage
falls to 12.0 volts. When the comparator output drops to its low state,
transistor T4 is shut off which in turn shuts transistor T5 off. When
transistor TS5 1is turned off the battery voltage is removed from the dc
regulator input, which turns off the transmitter and the output indicator
light. The automatic on/off switch is initially allowed to turn on by the
initial transient which is conducted through the initializing capacitor
(C11). The resistor (R17) connected to the second position of the manual
on/off switch is used to discharge the initializing capacitor (Cl1) when the
circuit is turned off.

The dc regulator circuitry utilizes two independent regulators -- a 5 V
Precision Monolitic voltage reference (IC3) which is used to power the 5 MHz
crystal oscillator, and an adjustable voltage regulator (IC4) which is set to
9.5 volts through resistors (R18 and R19) and is used to power the remaining
circuitry. The voltage reference (IC3) output voltage stability is
temperature compensated and its longterm stability is specified to be more
accurate than the voltage regulator (IC4); however, the voltage regulator has
higher output current ¢apacity. Thus, the voltage reference is used to power
the 5 MHz crystal oscillator since the oscillator only requires an input
current of 1.1 mA, and since the output level of the oscillator is highly
dependent on the input dc voltage. The voltage regulator powers the remaining
circuitry supplying the required current. This configuration optimizes the
stability of the output field levels.

2.2.3 Output Indicator

The output indicator circuitry, shown in Figure 12, utilizes a
flashing LED (D4) to visually indicate that the transmitter is energized. The
LED is pulsed at approximately a one second repetition rate and a 10 percent
duty cycle; thus, power consumption used in the output indicator circuit is
reduced by approximately 90 percent from the power consumption required to
have the LED on continuously. The pulse rate and duty cycle are controlled by
the 7555 timer (IC5), resistors (R20 and R21), and capacitor (C13). The 7555

timer is a CMOS version of a 555 timer. The output indicator circuit is
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powered by the 9.5 volt regulator (IC4); thus, when the battery voltage drops
below the required level to maintain regulation, the output controller
circuit turns off the LED flasher as well as the radiated field. 1In this
manner, the output indicator light provides a visual indication that the
battery voltage is sufficient to maintain regulation of the transmitter

output level.
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3.0 CALIBRATION MEASUREMENTS

Calibration measurements were performed to define the performance
characteristics of the spherical dipole source. Individual tests include
spectrum content measurements, amplitude and frequency drift measurements,
radiation pattern measurements, 3-meter field strength measurements, and
repeatability measurements. The measurement procedures and technique for
each of the various performance tests are described below and the results of
the performance tests are presented in summary form. The complete set of
performance data for each of the two individual spherical dipole sources
constructed are given under separate cover entitled '"Performance Data,
Spherical Dipole Source, Serial No..005 or 006" [5-6].

3.1 Spectrum Content Measurements

The spectrum content measurements involved the determination of the
power output/field strength versus frequency characteristics of the spherical
dipole source. Thus, the spectrum content measurements include the
definition of both desired and undesired emissions. The desired emissions are
comprised of the 5 MHz fundamental signal and all of its associated harmonics
up to and beyond 200 MHz. Undesired emissions would include signals at
frequencies which are not a harmonic multiple of the 5 MHz fundamental but may
be a result of intermodulation products or modulation components.

The spectrum content measurements were performed in both a conducted and
radiated mode. The conducted measurements were performed in a shielded room
in order to eliminate interference caused by signals in the external
environment which might couple into the test setup. The radiated measurements
were performed in a TEM cell which served the dual purpose of isolating the
radiated field from the environment and providing a receiving aperture for the
radiated field which has a relatively uniform response for frequencies from dc
up to its cutoff frequency of 200 MH=z. Above 200 MHz, high-frequency
resonances and multimoding occur within the cell and distort the uniform
characteristics of the cell's TEM mode.

Figures 13 and 14 illustrate the spectrum content conducted measurement
set up and the instrumentation interconnection, respectively. A conducted
measurement attachment fixture was used to connect the spherical dipole to the

receiver. Its assembly is illustrated in Figure 15. After the two hemispheres
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Figure 13. Pictorial View of Spectrum Content Conducted Measurement
Set Up.
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are disconnected from the attachment posts and the attachment fixture 1is
assembled onto the Delrin ring, the rotary switch is rotated clockwise to turn
the transmitter on. The hemispheres are then screwed onto the attachment
posts until they come into firm contact with the attachment fixture.

A Tektronics 492P spectrum analyzer was used as the receiver. Using a
100 kHz resolution bandwidth the spectrum analyzer was initially set to have a
20 MHz span/division scale on the horizontal axis and a 10 dB/division scale
on the vertical axis. With the center frequency set to 100 MHz, the spectrum
content from 0-200 MHz could be viewed on the spectrum analyzer display.
Changing the frequency span/division to 50 MHz and center frequency to 250 MHz
allowed the spectrum from 0-500 MHz to be viewed. Results of these
measurements on spherical dipole Serial Number 006 are shown in Figure 16.
Note that all of the conducted signals measured are desired signals (harmonics
of the 5 MHz fundamental) and that their levels varied approximately 30 dB
over the 30-200 MHz frequency band.

In order to get an accurate reading of the 1level of each signal
component, the spectrum analyzer's vertical display setting was changed to 1
dB/division and its frequency span to 500 kHz/division. The center frequency
was then tuned to each harmonic frequency from 30 MHz to 200 MHz and the level
of each signal measured in an automated mode using the HP-85 desktop computer
as the controller. These results are tabulated in the "Performance Data"
documents [5-6].

The spectrum content measurements were then repeated in a radiated mode
uéing a TEM cell as depicted in Figure 17. A block diagram of the instrumen-
tation setup is shown in Figure 18. The measurements and measurement
procedures were identical to those described above for the conducted measure-
ments. The radiated spectrum for spherical dipole Serial Number 006 as
measured in the TEM cell is shown in Figure 19. Note that the measured field
levels varied approximately 18 dB over the 30-200 MHz band. Also note the
resonance of the radiated spectrum at approximately 150 MHz which can be
associated with the measured resonance of the impedance of the spherical
dipole antenna. The radiated spectrum above 200 MHz could not be measured in
the TEM cell due to resonance and multimoding problems associated with the TEM

cell above this frequency. The results of the amplitude measurements between
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Figure 17. Pictorial View of Spectrum Content Radiated Measurement
Set Up.
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30 and 200 MHz for the two spherical dipole transmitters are also given in the
"Performance Data'" documents [5-6].

3.2 Frequency and Amplitude Drift Measurements

This section describes the measurements performed to determine the
frequency and amplitude drift versus time of the radiated signals. These
measurements are also indirectly a measure of the battery life, since as
previously stated, the transmitter automatically turns itself off when the
battery voltage is drained below 12.0 volts. A new set of batteries was used
at the start of the test and the battery life determined by noting the time at
which all the field components went to zero.

The measurements were performed in a radiated mode using the TEM cell as
the receiving aperture. Since the frequency drift of each of the radiated
signal components are all harmonically related to the frequency drift of the
fundamental oscillator (5 MHz), frequency drift measurements on all the
radiated signal components were not required. Through the use of appropriate
multipliers, the measured value of frequenéy drift for one frequency
component can be used to calculate the frequency drift of all other frequency
components. The 40th harmonic of the fundamental oscillator frequency (200
MHz) was selected for measurement since it will exhibit the largest frequency
drift of those signals in the 30-200 MHz frequency band, thus offering the
maximum measurement sensitivity. The frequency drift of all other frequency
components can then be calculated by multiplying the measured drift of the
40th harmonic frequency by X/40, where X equals the harmonic number of the
signal for which the drift is being calculated. The amplitudes of the harmonic
signals are not harmonically related, however, and may vary independently;
thus the amplitude drift measurements were performed on each of the signal’
components in the 30 to 200 MHz frequency range.

Due to the large number of points required for these tests, the measure-
ments were performed in an automated measurement setup utilizing an HP-85
desktop computer as the controller, a Tektronics 492P spectrum analyzer as the
receiver for the amplitude measurements, and an EIP 548A frequency counter to
perform the frequency drift measurements. Figure 20 is a photograph showing
the measurement set up while Figure 21 shows the instrumentation

interconnection for the frequency drift measurements. The measurement setup
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used for the power drift measurement was identical to that used in the
spectrum content measurements shown in Figures 17 and 18.

The computer programs used to automate the frequency and amplitude drift
tests and plot the meaured results were written in HP-85 Basic. A copy of the
machine codes are given in Attachment IV. '"FRQTST" is the program used for
the frequency drift tests, "PWRTST" is the name of the program used for the
power drift tests, and "PLTF/P" is used to plot the measured results from both
the frequency and power drift tests.

Both the frequency and power drift tests were performed by first storing
an initial value for the frequency or power level measured at the start of the
test. These measurements were then continuously repeated noting any
deviations from the initial value. Measurements were repeated in 5 second
intervals for the frequency drift measurements. The power drift measurements
were made at each harmonic by using the controller to tune the spectrum
analyzer from 5 to 200 MHz stopping at each harmonic for the amplitude
measurement. An entire scan from 5 to 200 MHz took approximately 6 minutes,
thus setting the sample rate for the power drift measurements at each
frequency. The minimum length of the drift measurements is set at the
beginning of the test; however, the controller automatically stopped the test
when the transmitter turned itself off due to low battery voltage (the time of
drop out was recorded).

Figure 22 shows the results of the frequency drift measurement performed
on spherical dipoles serial number 005 and 006. Note that the maximum
frequency drift measured was slightly over 1 kHz which is well within the
desired goal since a 4 kHz drift in 4 hours was desired. Also note that a
battery life greater than 5 hours was realized which is also greater than the
4 hour performance goal.

A representative graph of the results of the amplitude drift measure-
ments is shown in Figure 23, which shows the results of the amplitude drift
measurements of the 6th harmonic (30 MHz) for spherical dipole serial number
006. The complete set of all the harmonics (30 - 200 MHz) is given in the
"Performance Data'" documents [5-6] for each of the spherical dipole
transmitters. The maximum drift of any of the harmonic signals for spherical
dipole serial number 005 is 0.25 dB and the maximum drift of any of the
harmonics for serial number 006 is 0.75 dB. Note that these drift

measurements are within the specified + 1.0 dB performance goal.
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3.3 Radiation Pattern Measurements

The radiation characteristics of the spherical dipole source was
specified to be equivalent to the donut pattern associated with an
electrically small antenna. Specifically, the radiation pattern is to be
omnidirectional in the plane normal to the axis of the dipole with less than
+2 dB variation throughout an entire 360 degree rotation. The pattern is also
specified to be a maximum in the plane going through the center of the dipole
and normal to it.

The radiation pattern measurements were performed on an outdoor field
site utilizing a 9m by 6m wire screen ground plane. A biconical antenna was
used as the receiving antenna since its bandwidth covered the entire 30 to
200 MHz frequency range over which the radiation pattern measurements were to
be performed. Figure 24 is a photograph depicting the outdoor field site,
antenna placement, and antenna mounting apparatus. Note that the spherical
dipole is mounted on its associated plexiglas mount, which is placed on top of
a styrofoam pedestal. The styrofoam pedestal is secured to the turntable
platform used to rotate the spherical dipole for the radiation pattern
measurements. The height of the spherical dipole center is approximately
1 meter (within #+1 cm) above the ground plane. The biconical antenna is
mounted on a wooden tripod approximately 1.5 meters (within # 1 cm) above the
ground plane.

A block diagram showing the instrumentation interconnection is given in
Figure 25. The Miteq low noise, high gain preamplifier is used to set the
receiving system sensitivity/noise figure. The Boonton narrowband amplifier
is used to selectively amplify the harmonic at which the pattern measurement
is to be performed while attenuating the relative amplitude of all the other
harmonic signals and all the ambient signals which are outside its bandwidth.
The Ailtech amplifier is then used to supply additional amplification to the
signal. The Scientific Atlanta receiver measures the relative amplitude of
the received signal and sends an output signal which is proportional to the
received signal level to the Scientific Atlanta pattern recorder. The
Scientific Atlanta positioner control unit is used to rotate the Scientific
Atlanta turntable. The Hewlett Packard signal source is used to tune the

Scientific Atlanta receiver and to verify the linearity of the receiving
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system. The spectrum analyzer is used to tune the Boonton amplifier, check
the received signal level, and verify that no interfering ambient signals are
within the receiving system bandwidth.

The vertical and horizontal polarization patterns were measured for both
spherical dipole sources at each harmonic in the 30 to 200 MHz frequency
region. However, several frequencies had to be skipped due to the presence of
ambient signals in the environment which were at or near (within 1 MHz) the
harmonic frquency to be measured and which were of sufficient amplitude to
cause significant interference in the pattern measurements. The measurement
procedure began by connecting the signal source to the Miteq preamplifier
input and the output of the Ailtech amplifier to the spectrum analyzer. The
output frequency of the Hewlett Packard signal generator was set to the
desired harmonic frequency to be measured and the Boonton amplifier was tuned
by maximizing the signal displayed on the spectrum analyzer. The output of
the Ailtech amplifier was then connected to the input of the Scientific
Atlanta receiver in order to tune it to the appropriate frequency. The
linearity of the receiving system was then checked by decreasing the output of
the signal source in 10 dB steps and noting that the pen on the chart recorder
also decreased by 10 dB. After the linearity was checked the biconical
antenna output was connected to the input of the Boonton amplifier and the
output of Ailtech amplifier was reconnected to the spectrum analyzer in order
to determine if any ambient signals were present which would interfere with
the radiation pattern measurements. Finally, the output of the Ailtech
amplifier was connected to the Scientific Atlanta receiver, the antennas were
mechanically boresighted so that the pattern would be properly positioned on
the chart paper, and a 360° azimuth pattern was plotted. This procedure was
repeated at each frequency and for both polarizations.

Figures 26 and 27 show representative radiation patterns of the
spherical dipole sources for vertical and horizontal polarizations,
respectively. These patterns were recorded on spherical dipole Serial Number
005 at 195 MHz. The vertical polarization pattern, Figure 26, shows that the
maximum deviation in the plane normal to the axis of the dipole is +0.25 dB at
195 MHz. The horizontal polarization pattern, Figure 27, is a typical pattern

for an electrically small antenna (note the 90 degree, 3 dB beamwidth). The
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complete set of vertical and horizontal polarization patterns are given in the
"Per formance Data'" documents for each dipole [5-6]. The maximum deviation of
the vertical polarization patterns for either of the two dipoles is +1 dB,
which is within the performance goal of +2 dB. The horizontal polarization
patterns show that the specification requiring that the maximum energy be
emitted in the plane going through the center of the dipole and normal to its
axis 1s also met at every frequency.

The output of the Scientific Atlanta receiver is proportional to the
vector sum of all signals presented to its input that are within its
bandwidth. Thus many of the radiation pattern measurements given in the
"Performance Data'" documents show the results of interference caused by
ambient signals present in the environment. For example, Figure 28(a) shows
the null filling which results from an ambient signal in the environment which
is within the tuned frequency bandwidth of the receiver. Figure 28(b) shows
the results of an ambient signal which is at the same frequency as the

received harmonic signal, but has an amplitude which is much smaller than the
" harmonic signal and a phase angle which is between +90 and +270 degrees
relative to the harmonic signal. The noisy signal shown in Figure 28(c) was
not specifically identified, but could be the result of an amplitude modulated
signal which is in the receiver bandwidth and has an amplitude approximately
equal to or greater than the received harmonic signal. Also, a signal in the
environment which is keyed on and off and is in the passband of the receiver
will cause discontinuities in the pattern measurement as shown in Figure
28(d).

3.4 3-Meter Field Strength Measurements

The 3-meter field strength measurements involves the calibration of
the radiated field amplitude at a distance of 3-meters from the spherical
dipole transmitter. Thus, these measurements must be performed on a test site
which does not itself introduce errors into the measurements. Since an "ideal
site" is not physically realizable, the measurements must be performed on a
site which approaches an ideal site and which has been tested to show its
suitability.

The 3-meter field strength measurements were performed on the two

spherical dipole emission sources at American Bell's open field 3-meter site
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(c) Noise

(d) Keying

Examples of Interference in the Measured Radiation Pattern
Caused by Signals Present in the Ambient Environment
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in Chester, New Jersey. This field site was built in accordance with FCC
Bulletin OST55 7 , is enclosed in a completely nonmetallic tent structure to
protect it from weather conditions, and utilizes an instrumentation area
which is below the ground plane level. The suitability of this site has been
determined by performing site attenuation measurements as detailed in 1 .
The results of these measurements were then compared to the calculated site
attenuation for an "ideal site." The results of these measurements are shown
in Figure 29, along with the calculated results for an ideal site. As seen in
Figure 29, the theoretical and measured values are within 3 dB, throughout the
30 to 1000 MHz frequency range.

Figures 30 and 31 are photographs of the open field 3-meter site showing
an outside view of the all-weather tent structure and an interior view depict-
ing the antenna placement and mounting apparatus for the field strength
measurements. The spherical dipole is mounted 1 meter above the ground plane
on 1its associated plexiglas mount, which is threaded onto an adjustable
tripod. Tunable dipole antennas were used for the receiving antenna, and were
mounted on a nonmetallic mount which allowed the dipole antenna's height above
the ground plane to be remotely positioned to any height between 1 and 4
meters. A block diagram of the instrumentation interconnection for the 3-
meter field strength measurements is shown in Figure 32. Note that an
Electrometric Interference Analyzer, Model EMC 25, is used as the field
strength receiver. The audio speaker was used to detect interference caused
by ambient signals in the electromagnetic environment.

The field strength measurements were performed for both vertical and
horizontal polarizations at each harmonic frequency starting at 30 MHz and
ending at the harmonic frequency at which the field strength amplitude had
decreased to a value which was less than the performance goal of 30 dBH V/m.
The measurement procedure began by manually adjusting the receiving dipole
antenna to the proper length for the test frequency. After the receiver was
tuned and calibrated at the test frequency, the receiving antenna's height
above the ground plane was remotely scanned between 1 and 4 meters in order to
find the maximum field strength level. If there were no ambient signals
detectable through the tone emanating from the audio speaker which could cause

interference in the measured field strength value, the received voltage level
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Figure 30. Photograph of the All-Weather Tent Structure Used in the
Chester, New Jersey 3-meter Open Field Site
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Figure 31. Pictorial View of the Antenna Set Up Used for the Field
Strength Measurements Performed at the Open Field 3-meter
Site in Chester, New Jersey
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Figure 32. Block Diagram Identifying Instrumentation Interconnection
for the 3-meter Open Field Strength Measurements
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at the receiver (attenuator plus meter reading), in dBHMV, was recorded. The
" 3-meter field strength level, in dBHV/m, was then determined by adding the
antenna factor for the receiving antenna, in dB/m, and the cable loss between
the receiver and the antenna, in dB, to the received voltage level.

Figure 33 illustrates the results of the 3-meter field strength measure-
ments for serial numbers 005 and 006. Measurements were made for both
vertical and horizontal polarizations. Note that the 3-meter field strength
levels for both sources are above the 30 dBW/m desired field level from 30
MHz through 335 MHz, which is well past the desired goal of 200 MHz. The
specific field strength levels are tabluated in the '"Performance Data"

documents [5-6] for the two spherical dipole sources.

3.5 Repeatability Measurements

This section describes the measurements performed to determine the
repeatability of the amplitude levels of the radiated field components.
Various tests which were performed include amplitude changes as a result of
power up/down, insertion of new batteries, and reassembling dipole halves
after disassembly, temperature variations, and day-to-day performance. The
repeatability measurements were performed in the radiated mode using the TEM
chamber. The measurement setups used for these measurements are equivalent to
those used in the spectrum content measurements and are illustrated in Figures
12, 13, 16, and 17. In the radiated measurements care was taken to repeatably
align the spherical dipole in a fixed position in the TEM cell for each of the
repeatability tests.

The radiated measurement results include the variations of the amplitude
levels at each harmonic frequency between 5 and 200 MHz as a result of the
following: (1) removing spherical dipole from TEM cell and realignment
without turning transmitter off, (2) turning transmitter off and back on
without removing dipole from chamber, (3) assembly of spherical dipole after
disassembly of the two hemispherical halves, (4) replacement of battery sets
with both new and used batteries, and (5) day-to-day variationms. The
measurements were repeated two times for the first four categories given
above, and over a 14 day period. Figure 34 shows the results of these
measurements for both spherical dipoles. Note that the measured variations

are within the desired performance goals of + 1 dB.

52



78
.ll"n
68 | . L X N
IR AL ..
T * AL H ',
- 0a? l:
£ . 3 .o
% 50 0.:;-!. 't:ga.n. ) . Lt N
@D * 0 . S §0 a¥®
2 . 0 eten .
. LY
= ) N
Q2 @ r , o e
& .
=
w
o
=30
o
o
«
E 28 | + = VERTICAL POLARIZATION
= 0 = HORIZONTAL POLARIZATION
18
B I 1 i 1 ] 1 1 i 1 1 1
- 28 60 108 140 180 2208 268 300 340 380
FREQUENCY (MHz)
THREE-METER RADIATED FIELD STRENGTH; SERIAL # 085
78
60 --'°°-.,' "
L . L] L]
.'l. o “.’0:. .. .!.
s e . o . I.
;!50 L '..:g...., . W :
> LR A R LR 1)
0' -
5 . v'. ..‘.:ll."l :
. e, .' L]
E 48 - ° et
2 o . -
& .
— L]
@ . *3
o
o 30 F
o
O
=
Coet + = VERTICAL POLARIZATION
o 0 = HORIZONTAL POLARIZATION
18 +
B 1 1 1 L 1 1 1 1
20 6@ 109 148 180 220 260 300 340 380

FREQUENCY (MHz)

THREE-METER RADIATED FIELD STRENGTH; SERIAL # 886

Figure 33. Results of the 3-meter Open Field Strength Measurements
Performed on Spherical Dipole Serial Number 005 and 006

53



POWER LEVEL (dBm)

POWER LEVEL (dBm)

]
-40"". "|n|.
I|.
l.|
P
1
! '
I I
. H
' :
T iy !
i !
i o
by
i byl
_ﬁm al ad s s a1 IR S YT U S S WUNE S T [T SOV SN SN NV SR S A (N SR NN VN W T S W |
" 28 48 68 60 108 128 148 - 160 180 208
FREQUENCY (MHz)
TEM CELL TEST:; SER #8285
-2
-3g |
i [}
I ] ||'
—48 - "::'a
.:I
"3
l:l I
] [}
~ar o L
L ! .
- ' I
5 [ ' \ !
L l:!'
_SG i Lo g 1 g4 0 oy oo § PR T VU SR U MU A S F U (S e e ST,
a 20 40 68 ed 108 128 148 160 188 200
FREQUENCY (MHz) :
TEM CELL TEST: SER #006
Figure 34. Results of Radiated Repeatability Measurements for

Spherical Dipoles Serial Numbers 005 and 006

54



The variations of the output field levels as a function of the ambient
temperature were performed in a conducted mode in a environmental control
chamber. Measurements were made at room temperature (25°C) and at the upper
(39°c) and lower (15°C) tempeartures of the desired performance goal
temperature range. These results are presented in Figure 35 for both
spherical dipoles, and show that the desired goal of less than + 1 dB is

achieved for both units at each frequency.
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4.0 CONCLUSIONS

A spherical dipole source was develbped which could be wused as a
"standard radiating reference'. Two 1identical prototypes have been
constructed and calibrated. The dipoles are completely self-contained with
no interconnecting cabling, thus eliminating variations in the radiated
fields levels caused by cable placement and positioning. Figure 36 depicts
one of the spherical dipoles mounted on its associated plexiglass mount, and
Figure 37 1is a view of the disassembled spherical dipole showing the
transmitter circuitry and the feed posts.

The performance results of the two sources are given in Table II. The two
dipoles radiate a spectrum which consists of a comb of frequencies spaced in 5
MHz increments. Over the frequency range of 30 to 335 MHz the field strength
level is greater than or equal to 30 dBuV/m, measured at 3m horizontal
separation.

The amplitude of each signal component is repeatable within *1.0 dB, and
the amplitude drift as a result of battery drain and thermal equilibrium is
less than # 0.8 dB throughout the entire battery life of 5 - 5.5 hours. Also,
the maximum frequency drift is less than 1100 Hz (for the 40th harmonic)
during the battery lifetime. The radiation characteristics of the two tested
spherical dipole sources are consistent with the radiation characteristics of
an electrically small antenna. The measured omnidirectionality of the field
in the plane normal to the axis of the dipole is within 1 dB for a complete
360° rotation.

If performance results for the two spherical dipoles (Table II) are
compared to the desired performance goals (Table I) for the emission source,
it is seen that the two working models meet or surpass all of the performance
requirements of a "standard radiating reference'". As a result, they can be
used to compare and define variation in test sites used for radiated emission

measurements.
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Figure 37. Disassembled View of Spherical Dipole Source
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TABLE II

PERFORMANCE RESULTS OF THE TWO SPHERICAL DIPOLE SOURCES

PERFORMANCE GOALS

PERFORMANCE RESULTS

Frequency Range

Fmission Characteristics

Field Strength Level

Battery Life

Frequency Stability

Amplitude Stability

Amplitude Repeatibility

Radiation Characteristics

30 MHz - 200 MHz

Continuous or Less Than 10 MHz
Increments

A Minimum Level of 30 dBWW/m
Measured at 3-meter Horizontal
Separation, Over Entire Frequency
Range

4 Hours Minimum

Less Than 4 kHz Drift Over a Four
Hour Interval

Less Than + 1 dB Drift Over a
Four Hour Interval

Within + 1 dB

Typical Dipole Donut Pattern
Throughout Entire Frequency
Range; Omnidirectional (Less
Than + 2 dB Variation For

360 Degree Rotation) In Plane
Normal to the Axis of the Dipole,
and Maximum Field in Plane

Going Through the Center of
Dipole and Normal to It.

30 MHz - 335 MHz

5 MHz Increments

Minimum Level of 30 dBW/m
Measured at 3-meter Horizontal
Separation, Throughout

Entire Frequency Range

Greater Than 5 Hours for
Two 9 Volt Alkaline Batteries

Less Than 1100 Hz Drift at
200 MHz During Entire Battery
Life ‘

Less Than +0.8 dB Drift During
Entire Battery Life

Within + 1.0 dB

Typical Dipole Donut Pattern;
Omnidirectional (Less Than

+ 1 dB Variation For 360
Degree Rotation) In Plane
Normal to the Axis of the
Dipole, and a Maximum Field
in Plane Going Through the
Center of Dipole and Normal
to It.
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ATTACHMENT I
MECHANICAL DRAWINGS FOR THE SPHERICAL DIPOLE

The mechanical drawings for various pieces of the spherical dipole are
given 1in this attachment and 1include the following: the two brass
hemispherical sections, the two brass feed posts, the two brass attachment
posts, the Delrin spacer ring, and the Delrin attachment ring. The assembly
of the spherical dipole housing is given through a half-section cross-

sectional view.
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ATTACHMENT II
MECHANICAL DRAWINGS FOR THE SPHERICAL
DIPOLE MOUNT AND ALIGNMENT TOOL

The mechanical drawings for the spherical dipole mount and alignment jig
are given in this attachment. The mechanical drawings include the cylindrical
plexiglas mount, the half-cylinder plexiglas alignment tool, and the brass

tripod attachment bolt.
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ATTACHMENT III
PARTS LIST OF THE TRANSMITTER CIRCUITRY
FOR THE SPHERICAL DIPOLE

The component values and model numbers are tabulated and given in this
attachment for the transmitter circuitry of the spherical dipole source. The
part number for each component listed correspond to the schematic diagrams
given in Section 2.2 for the RF generator circuitry (Figure 7), the power

supply circuitry (Figure 10), and the output indicator circuitry (Figure 12).
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PARTS LIST FOR SIGNAL GENERATOR CIRCUIT

Resistors1 CaEacitors2 Transistors

R1 - 220 KQ Cl -1.5 uf Tl - 2N5828

R2 - 220 KQ Cc2 - 1.5 uf T2 - 2N2222

R3 - 56 KQ C3 - 1.5 uf T3 -~ 2N3866

R4 - 150Q C4 - 1.5 uf T4 - 2N3904

R5 - 150Q C5 - 4 pf T5 - 2N3906

R6 - 1200 c6 - 110 pf

R7 - 1.0 KQ c7 - 180 pf Batteries

R8 - 120 K@ c8 - 1.5 uf

R9 - 120 K C9. - 1.5 uf Bl - 9V Alkaline
R10 - 200 K@ ' Cl0 - 47 yuf - B2 - 9V Alkaline
R11 - 120 K@ Cll - 10 uf

R12 - 22 KQ Cl2 - 1.5 uf Integrated Circuits
R13 - 22 KQ Cl13 - 1.5 uf

R14 - 330 Q Cl4 - 1.5 uf ICl - MOT. (K1152A-5.00)
RI5 - 22 KQ Cl5 - 1.5 uf IC2 - LM2903N

R16 - 1.0 KQ . IC3 - PMI (REF-02)
R17 - 100 Inductors IC4 - LM317

R18 - 1200 IC5 - 7555N

R19 - 820 Q L1 - 0.18 uH

R20 - 3.6 MQ L2 - 0.1 H

R21 - 330 KQ L3 - 33uH Switch

R22 - 1.0 K@Q
Trans formers SW1 - Centralab (P-501)

P - 3:1 Turns Ratio

Diodes
D1 - HP-5082-0815
D2 - IN914
D3 - IN914
D4 - Red Led

1. All resistors values are 10% tolerance except for R10 which is
set for proper turn-off voltage (i.e., 12 V).

2 All capacitors values are 107% tolerance.

3 All inductors values are 10% tolerance.
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ATTACHMENT IV
FREQUENCY AND AMPLITUDE AUTOMATED TEST
COMPUTER CODE DOCUMENTATION

The software used to perform the automated frequency and amplitude drift
measurements is documented in this attachment. The program entitled "FRQTST"
performs the frequency drift measurements controlling the frequency counter,
running the test, and storing the measured data on a magnetic tape. The
programs entitled "PWRTST" performs the power drift test controlling the
spectrum analyzer, running the test, and storing the measured data on a
magnetic tape. The companion program entitled "PLTF/P" reads the data off the
magnetic tape, lists the test parameters specified, and plots the frequency
and amplitude drifts measured. The computer codes are written HP-85 basic for

a HP-85 desk top controller.
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' FLOTTING AND DATA HANIFULATION FROGRAM FOR DRIFT DATA
! PROGEAM "FLTF/F”
P USE WITH FPROGRAMS *FWRTST®y °*FRATST"» AND “F/FTET®
P WRITTEN RBY JOHN HOTCHKIGS
I DATE 10/13/82
I LAST UFDATE 3/17/83
! INITIAL SETUF STUFF
ON ERROR GOSUR &0G09D
SET TIMEQUT 73:25¢C0O
ON TIMEQUT 7 GOSUE 700¢
CLEAR
ODISF "INITIALIZING®
OFTION RASE 1
REAL D(200)»T(200)3(20y2)E(G0)yTILT0)
REAL LsD?yFLlyFI3yHyHLyHI3 s HEyHSsH7 yH S L
REAL MLIsM2yNyNLsNAeNS»FsP1sF2yR1IR2ZyREy Sy T+ 7oy T79TS2T7s X0 Y2
DIW C$C100],C140133,C2%0183, 040137y F18018),F240161+sHE01E]
DIM Q%CL181yQ1$0181yT40181,2¢0181-2140182,Z28012]
CLEAR @ BEEF

DISF *DATE OF TEST IN FORN ®HM/DL/YY 7' @ DYGF "IMCLUDE LEADIHMG ZERDS

INFUT D%

F1$=D0%01,2] @ F1$[3,41=0%04.3] @ F13[51="5U"

DISF "INSERT LATA TAFE INTO TAFE® @ LISF *READER AND THEN FRESS
E" @ BEEF B FAUSE

DISF "LDADING SETUF INFORMATION® 2@ WAIT 1600

) ASSIGNE 1 70 F14%

READE 1 5 N$sD6,C3rT9sTosFLloHLsHI HSSRLSR2 s M1 042
READE 1 5 S(y)sF3

ASSIGME 1 TO %

DISF *SETUF INFO READ INTO HFES® @ BEEF

DISF *DD YOU WANT HARD COFY*i@ INFUT 6%

IF Q$C1-131="Y" THEN PRINTER IS 2 ELSE FRINTER IS 1
FRINT USING *2/°

FRINT *HARMOMIC FOWER TEST®

FRINT USING */*

FRINT *DATES *3D%

FRINT *SERIAL¥ OF ANTENNA! *iN3

PRINT USING 340 3 TO

IMAGE "DURATION OF TEST: "sDDs* HOURS®

FRINT USING 260 § F1/10006000

IHAGE "EASE FREGUENCY: *,DUD. UL "HHZ®

FRINT USING 380 5 Hi

IHAGE "FIRST HARMONIC RECORLED! "+IL

PRINT USING 400 3 H9

THAGE *LAST HARMONIC RECORDED: *,LD

FRINT USING 440 5 K1

IMAGE "FREQUENCY RESOLUTIOM: *,DLO,* HI®

FRINT USING 440 3 R2

IMAGE "FOWER RESOLUTIOM: *D.ID,* dE*

ERINT "COAMENTS::

FRINT C% A

DISF USIHG */*

DIGF "HIT COWT WHEM DONE READING DATA® @ BEEF @ FAUSE
TISFE "D YOU WANT INITLAL YALUES FRINTED®;G IHFUT &%

IV-13

oMt



472 IF Q$C1:.13=°N" THEN 484

73 FRINT USING "3/

474 PRIMT v FREQ{HMHZ! INITIAL VALUE"

474 FOR H=H1 TO HY
3 FRINT USING 480 3 IP(Fi%H/1000000+.,35)2S{(H,y2}

430 IMAGE SX»DDDs11X:S0D,00D0

482 NEXT H

484 DISPE USING "/ _

484 DISF "WHEM FLOTTING FOYER DRIFT DATA»" @ DISF *DO YOU WANT TO EWTER

UALUES OR™

437 DISF *SHOULD THE COMFUTER USE STORED" @ DISF *YaLUES®

428 DISF "E=YOUR OWN,C=COMFUTER"™ @ BEEF

INFUT Qi@ Q13%=0Q01%C1,11

DISF UZING "3/7"

! TAFE OFERATIONM

I FIND NUMBER OF FILES-HT

' AND LAST RECORLD NUHEBER-MN4

P ALSO FIND LAST TIWME T2

DISF "SEARCHIMG TATA FOR AST FILE® @ WAIT 1000

ON ERROR GOTO &2

F2%=F1401:47 @ TB=T&%T?

FOR ®o=1 T0 99

IF N5<10 THEW S€0

F24L01=VAL$ING) @ GOTOQ 590

FR4L53="0" 2 F23061=VALI(ND)

ASSIGRE 2 TO F2%

ASSIGHE 2 7O X%

NEXT NS

I N5 NOW HAS NUMEBER OF LAST FILE +1

NoG=NS-1

IF N3<1G THEN 640

FR4LS1=VALE(HS) B GOTO &70

FR2$La3="0" B F24L41=VALEIND)

ASSIGHE 2 TO FZ3

I NOW FIHD LAST RECOGRD N4 + LAST TIME TE

ON ERRQOE GOTO 750

FOR N4=1 TO 72

READF 2 % TésH-LsT

IF T$="'T" THEN T8=T

MNEXT H4

M4 NOW HAS LAST RECORD HUMBER + 1

Nd=N4-1

HSSIGNE 2 TD %

ON ERROR GOSUBR &000 ! RETURN TO MHORMAL ERROR HANHLLER
wIAUST LENGTR OF TEST T? FOR FLOTS TU HEAT EVEM HOUR AFTER EaTTERY

=9
al
o}

Ty O N O DO

< O

>

=3

< O

N 9 B O S e BEPVS BN o e SO TN # Y K R JC I O S S5 TS O I SO e JEPNS B o

O

I - N S A o M N < S NS I I S I I WS B TR T 0 U o B
=

2 w0 T~ O~ (1

S U Cr o O

<2

N L IR BN N Y|
(o ) [ - S s
(e

~J
Gy

~J
(]
Lot ]

IEAT
90 T7=IF(TB/T&+.5979
IF RMD(T7,25=0 THEN 820
T9=T7+1 2 GOTO 33¢ ' ARS ODD
T9=T7 ' HRS EVEH
PoALL DOME DOIMG TAFE FILE STUFF
OREAD IM AMD ANALYZE DATA SECTION
!
GOSUE 1500 ! ASSIGN KEYS AND FUNCTIOHS.ETC

~d
<
[t i e

.\O(_;h

Lat
3 e

=hop s 0O o0 QOO
P W% O et

)
rJ o
O

<
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1630
1100
1103
1i10
1129
1130
1149
1150
116G
1170
1200

1205 GO

1216
1220
12349
1249
1250
1260
1270
1280
1290
1300
1305
1314
1320
1330
13445
135

1360
1370
1389
1396
1400
1410

e
1
el

«
3 o Ca O Oy kD2

Cr 1 B G B
[ BN et B 5

s s

[l el el R e =
[ S G B S 4 N N ) Y N 3 B o |

Gdosd e S
P S+ ST e T B R )
Ca oy o O

b R bt b e g
T

GOTG 1030 ! KEEF ITS5ELF RUSY!

PFLOT FREQUENCY IATA

GOSUE 1700 ! CLEAR EVERYTHINGy UNASSIGH KEYS
GISF "FREQUECY DRIFT FLOTTING®

DISF "LOADING FREQUENCY DRIFT DATA®

Ci$="F" B C2%="E" @ H7=H3

GOSUE 2000 ! GET DATA

GOSUR 3000 ' PLOT IT

GOSUE 1500 ! REASEIGN FUNCTIOM KEY TC
RETURMN
! SINGLE FOWER FLOT SECTIDN

SUE 1700 ! UMNASSIGHM FUNCTIOR KEY3:ETC
DISF YSINGLE HARMONIC POWER DRIFT® @ DISF "FLOTTING SECTION®
DISF "WHICH HARMONIC TO PLOT®
INFUT H7
DISF "LOADING FOWER DRIFT DATA FOR® @ DISF "HARMONIC #°sH7
Cle="F" @ C2%="G"
GOSUR 2000 ! GET DATA
GOSUER 5000 ! FLOT IT
GOSUR 1900 ! REASSIGMN FUNCTION KEYS
RETURM
! MULTIFLE FOWER PLOT SECTIONM
GOSUE 1700
GISF "HULTIPLE HARHMOWIC FOWER DRIFT" @ DISF ‘FLOTTING SECTION®
DISF "FIRST HARMONIC TO BE FLOTTED® @ INFUT HS
DIGF "LAST HARMONIC TO BE FLOTTELD® B INFUT Hé
Cls="F" @ C24="G"
FOR H7=HS TO Hé
DISF *LOADING FOWER DRIFT DATA FOR®" @ DISF "HARMONIC #":H7
GOSUR 2000 ! GET LDATA
GOSUB 5000 ! FLOT IT
NEXT H7
GOSUR 1500 ! REASSIGN FUNCTION KEYS
RETURH
SUBRGUTINE TO ASSIGH FUNCTIOMN REYS AMD ISP MEMNU
O KEY# 5" FREQ" BTEUE 1100
ON KEY# 1:‘ FLOT® GOSUE 3100
Ol KEY$# &»"SINGLE" GOSUE 1200
ON REY¥ 2 "FWR FLT" GOSUR 1200
OM KEYE 7 "MULTIFLE® GOZUB 1300
M ReY§® Z:°FWR FLT" GOUSUER 13060
oM KREYE 3.7 END" GOTQ 7000
GH RZYE 4 GOTO 7000
CLEAR @ KEY LABEL
GISF "FRESS KEY FOR FUNMCTIOMN LDESIRED®
RETLIRHM
VOUMASSIAGN ALL KEYS: ETC
OFF WEYH ¢ OFF REYT# 2

KEY® 2 2 GFF KEY% 4
© @ OFF KEY# 6

e g
I

2 OFF REYE B

TO REAL I DATA ARRAY FROM TAFE FILEE
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P C1$=G00D DATA:CZS=RAD
| SEARCH THRDLGH ALL FILES
! TUFFER #7 WUST RE CLOSED
tOZERD ARRAYS

FOR Z=1 TO 200

D(Z)=0 B T{Zy=0

NEXT I

FOR Z=1 TO 50

E{Z)=0 & T3I{Z)=0

WEXT 7

m
it
Nk
| S
m
o
i
(o

FIIR H=1 TO NS
I7 W10 THEN 2150
GoFEetIl=VALs (MY B BOTO 2140
2150 F2%053="0" B F23L43=VALSH)
2550 ABZIGNE 2 TO FZs
2L70 IF M=N% THEN N3=N4 ELSE N3=72
2180 FOR N1=1 TGO H3
2170 READE 2 9 TeeHsDoT
2175 IF He>H7 THEM 2230
L2008 IF Te=014 THEW 2230
2216 IF TE=LI3 THEN 2240
2228 3070 2230 GOOF OR 'T' RECORD
30 DiFx=0 @ T(F)=T @ P=F+1 8 GOTO 2250
' Li=0 @ T3{F1)=T @ Fl=Fit1
i

Ni 2 70 %

IJUST ENDFOINT OF ARRATY

F=1 THEN T{2)=T8 @ F9=2 @ GOTD 2300

TiF 1378 THEW TI(F)=T8 @ L(F)=D(F-1) @ F?=F ELSE P%=F-1

DEYIATION 07

ot R

mzen . T F

2336 MEAT £

B A T

2350 RETURH
A

090 1 FLOT FRECG DATH
5 OISF "' @ DISF "SET UF FLOTTER aNb HIT CONTINUE" @ BEEF

FAUEE

L T el
rTn 20
__"1

IF FLOTTER IS THERE

TEST  *3D%
Ti3°." 52285 iibz

IV-16



@ LABEL "DRIFT IN Hz"
LDIR 1.9 B LORG 6
B LATEL "0°

LR e ] d Ly
<«

35 LOCATE 20:1204515585
280 S5CALE 2:T795-10,10
4 ORRES —u Dl lGa0e2sl
D LORE 3 B LUIR 150
v SCHLE 205120y -10005 1000
D FOR -1G00 TO 1000 STEF 100
A0 HDUE iTeﬁfP @ LAREL F
5 ONEXT F
G LORE &
3370 S0aALE 0:T9:15,85
30 FDORE F=1 TO 79
SUME FeaB B LABEL P
H" T F

ot O 25 )
i3

P
w-f

[t

-

<

E Dy TQe—106051000

. j UFHH UHTﬁ

344¢ FOR F=1 TO F?

E: X=T{F/TE B Y=D0(F)
DRAal X2 Y

HEXT F

y O

J450 FENUF

3493 CUTFUT 704 5'INT

3495 BEEF

3300 DISF "DRO YOU WISH TO MaKE AMOTRHER"™ @ DISF 'FPLOT OF THE SAME
INFUT 0%

3310 IF Q%Ci-11="7Y" THEWN 5010

3530 RETURHM

2600 1 FLOT FOUER DATH

iF Qis="E" THEWM 5007
{G=3 H72) @ GOTD 3Gid

TER HESOLUTE FOMER LEYEL FOR PLOT® 2 BEEF @ I
*SET UF PLOTTER AND HIT COWTIWUE® & BREEF

E N

ez
£ [ SU TN P B e

£
ot I e YO e

01—
£
sl

-
= M

Dise 7 @ DIGF
FHUSE

h e

LoRZuUM

7 @ RESET 7

L
S=5F0L 063 1 SEE IF PLOTTER IS THERE
FLOTTER IS 744
LIMIT Ga2A0,0.200
CHIZ7E A 8@ LEROG 1 € LDIR 199
QUTHRUT 708 »UE &7
‘£ D LAEEL °
=

-
=

My~ M — ™ 3
*

IME (HOURS)"
C

Liagel "FOWER DRIFT TEST "yl
AR /LGO0000, 3
#OLABEL "HARMCHIC ' eH73 " ("3iZ3%:° fiHz"
CIFCABSIRT ) FIF(FPIARBIRIY JX10+,30/710)
ATHIGY)Y @ L=LEN(Z%:
S300 Z3%=1%0L0
2 Labch "REFERERCE LoVELT "2Z1%3". "3 Z2%" oBn”
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¢ LABEL "0F THE SFECTRUM ANALYZER®

@ LAFCL "FOWER DRIFT IN 4B°
LDIR 150 @ LORE &
@ LABEL "0°

20r120s15.85
o
K
a9 Gr09 202
LIVIR 199

o 1200313
70 2 5TEF 1
7.Gs7F @ LABEL F

@ LABEL F
%,&T P

CHLE 79+ -353
MOVE Q20
VODRAW DATA
FOR P=1 TC F?
A=TiF)/TE @ Y=L{F)
DRAW XY ’
1FXT F
FEMLIF
QUTRUT 7046 3" INT

Lo
i iy i

BISF "00 YOU WISH TO MARE AMOTHER® @ DISF "PLOT

UT %

IF B$fC1y13="7" THEW 3010

GIer “COWFUTER ERRORE®
GIGF "ERRL="FERRLs" ERRN=';ERRH
FiEUSE
RETURHN
GIsy *1I70 ZRROR'®

UTS% "ERRL="FERRL " ERRN="ERRH
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