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ANALYSIS OF MICROWAVE BACK-.SCATTERING FROM PRECIPITATION 

INTRODUCT ION 

høn arie con1ders the vast extent and variability 

of physical processez such a showers or thunderstorms, 

then one must indeed sense at once how fortunate ho is 

that he can even roughly approximate a qualitative 

explanation and de2cription of these atrriospheric 

pheñomena. The fact that precipitation in the atmos- 

phere produces strong radar echoes at certain wave- 

lengths enables the physicist to study the behavior 

and structure of complex ieteorological phenomena 

right in his own laboratory. 

Only within the last few years has precipitation 

in the upper regions become 8USOeptible to any type of 

quantitative classification. Prior to then, possible 

methods of investigation remained as academic problems. 

The present day physicist employs suitable microwave 

radars to which he attaches research tools that give 

'' him the capability of indirectly accomplishing 

quantitative measurements on numerous varieties of 

precipitation, whether it be rain, hail, mist, sleet, 



snow, or merely c1oud containing re1ati3.y lax'ge water 

droplets. 

The radars and research too1 have not ail been 

developed yet, however. In this branch of physics 

there are still tnany features of nature which we do 

not understand. quite unlike the kinetic theory of 

gases which has long since reached a stage of staid 

naturity, knowledge of atmospheric physics is in an 

innovational state, filled with excitement, agitation, 

and challenge. 

One of the niost objective methods knovm for 

analyzing microwave baok-cattoring from precipitation 

involves nisasurements of the average power of the 

precipitation echo signa?? This theBis presents a 

technique for niaking this nieasurement in conjunction 

with tho OS-APR/21 radar probe unit.2 

By far, the tnajor portion of the following pages 

concerns itself with the pulse integrator,3 the heart 

of the measuring system. The Massachusetta Institute 

of Technology Radiation Laboz'atory devised the original 

1. Chapter II explains this idea. 
2. Chapter IV lists the components making up this 

system. 
3. In general, the pulse integrator is a research tool 

which, when attached to a radar, electronically 
averages the peak values of the echo intensity. 



circuitry in order to neasure the signal strength 

of radar reflections from a broken water surface, 

(3,p.938..9L6) Dr. Willianis gives complete design 

data for the circuits used with the instrument 

(lO,p.31). The pulse integrator in its final torni 

incorporates generous portions of his ideas. 



CHkPTER II 

TUEORTICAL CONS IDERATIONS 

Preparat ory Remarks 

The author Intends to maintsin a succinct style 

of exposition throughout his thesis. Aecordingly, 

inasmuch as the theory whioh is applicable to this 
investigation is not original with the writer, onlî 

sufficient detail to avoid a piecemeal mode of 

expression is given. He feels that, in spite of the 

absence of a prolonged or detailed presentation, the 

reader will be able to grasp the meaningful whole. 

For those wishing complote details, the literature 

is remarkably extensive. The writer especially 

recommends one book (1, p.l265-l2S9) for its broad 

coverage and lucid style. Equally as thorough is a 

collection of lectures (L., p,l.287) giving recent 

advances in weather radar research. The bibliographies 

of the above referenced works are sin1arly note 

worthy. 

That theory which is given lends itself to a 

division into two parts. The first section, a terse 

discussion of the radar storm equation, answers 

why have' a pulse integrator. The latter part, a 
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few concise statements covering; the principles of 

operation of the pulse integrator, explains the 'how'. 

Radar Storm EQuation 

Ligda (6,p.2-7) shows that, for rathdrops:1 

(3.) 

7) 
the radar reflectivity of the rain per unit iume 

is a function of the radar scattering cross section of 

the back.scatterer. Having a direct effect on the radar 
scattering cross section are such properties of the 

scatterer as size, dielectric constant or index of 

refraction, aspect, shape, and wavelength of the 
microwave radiation. 

1. The following definitions will apply to the symbols 
used in equation (i): 

; : Average of total power from all the precipitation 
which is received at a given instant. The average 
is taken over a large number of pulses. 

K Pt fIe'- - 

q11 

t Transmitter power. 
A = Area of the paraboloid antenna. 
R Range between antenna and precipitation being studied. 

.;\ : Wavelength of microwaves. 
9 :: Radar scattering cresa section of the scatterer. 

V Volume containing the precipitation whose echo 
signals arrive at the antenna at the sanie time. 

referred to as the iliunilnated volunie. 

l'7 :;\c-; the radar reflectivity ot the precipitation 
I ¿_j per volume in V. 



Äsui:ning that the reflectivity is constant tlwough- 

out the illuminated volume, and neglecting attenuation, 

we see from equation (1) that by observing ÏÇ, it is 

possible to obtain a value for the reflectivity, By 

virtue of this, the atmospheric physicist equipped 

with an instrument which can measure is able to 

study intimate features of precipitation. 

The funduiental laws of electromagnetic scattering 

were developed by Rayleigh and Mie. Hyde applied their 

theories to the special case of scattering by pro- 

cipitation. He found that a spheroid which is small 

in comparison to the wavelength of radiation striking 

its surface scatters the energy in proportion to the 
sixth power of its diameter. Size, then, is of much 

greater importance in determining the reflectivity than 
the number of scatterers. In that a few large drops 

can give a radar echo equal to that from many smaller 

drops, the present state of the art is able to tell us 

only that the precipitation intensity lies within 

certain limits, As meteorologists gain a deeper 

insight into drop-size distribution, (inroads in this 
field are presently being made with raindrop cameras), 

perhaps the complications will diminish. 
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Operation of Pu1e kntejratQz 
In general, the pulse integrator and its auxiliary 

cofliponent$ measure and record the average peak ampli- 

tude of very short time-duxation pulses whose peak 

values are seldom of the same magnitude, The highly 
sensitive circuit produces changes in the direct 

current output voltage similar to changes in the 

average of the peak values of the input signal. 
The average power of equation C].) is computed fron 

the square of the average amplitude, the quantity which 

is available for iieasuremont at the video output of the 

radar receiver, Strictly speaking, the amplitude of 

each individual puise should be squared and then a 

summation and average made. Llgda shows (6, p.5-7) 

that the computed power is about one decibel (actually 

0.895 db.) lower than the true average power. 

Figure (2) illustrates the principal components 

of the pulse integrator. The 6Ac beam power tetrodo 

functions as both a switch and amplifier. During the 
absence of a gate signal, the tube is non-conducting 

for its screen grid is then at ground potential. When 

a gate signal appears the tubo conducts, causing the 

capacitor C1 to charge. About 20 seconds after 
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current is first applied, C1 reaches an equilibrium 

charge. At this point, its periodic gain of current 

from the tube is balanced by the continuous current 

drain through R1. The voltage across the platos then 

is effectively constant. A single very large or very 

small pulse would hayo little overall effect. 

The video signal to be measured is applied to the 

control-grid cf the 6Ac5. The only portion of the 

video signal that has an effect on the cathode current 

is that which appears during the gate pulse. At this 

particular time, the vtdeo voltage determines the 

charging current for C1. If the video signals in 

oreases, the amplitude of the charging current 

decreases, and Hi will drain off charge from the 

capacitor until the new equilibrium charge is attained. 

n order for that to happen, the average magnitude of 

the video signals wil have to increase for perhaps 

j second or thereabouts. 
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CHAPTER III 

1)ES lOEN OF THE PULSE INTEGRATOH 

general 2.a1SQ 

It was the intent of Dr. Williams (10, p. .-3O) 

to give such completo design data for the cixcuit 

of the pulse thterator that one could roadily con- 

struct an instrument which would function properly 

under any operating conditions. The inve$tgator 

haten to acknowledga that he found tho design 

criteria both painstakingly exact and coniprehensive 

In every detail. A general schonte of the design 
will he offered in thIs chapter. The reader 
interested in the fine details Is referred to Dr. 

Willianis report cited aho're. 

The pulse Integrator itself is an instrument 

which Is connected to the receiver end of a radar. 

Conventional electronic components such as 

capacitors, resistors, vacuum tubes, and coils are 

used exclusivolï. Figuro i illustrates how the 

instrument fits into the general instrumentation plan. 
The pulse integrator receives signals from the video 

amplifier in the radar Indicator circuit. The radar 



ranging unit provides the trigger necessary for the 

switching action in the pulse generatox'. By this method, 

any ranging interval of the tncoming signal can be se 

looted for integration, depending upon the settIng of 

the range control. The integrated ocho strength is 

permanently recorded on an EsterlIneAngus recording 

milliameter. Calibration is achieved by feeding a 

signal of known magnitude from a R- signal generator 

tnto the radar system. Integrator readings versus 

signal strength as shown on the signal generator 

attenuation dia], are recorded on the chart recorder. 

Figure 3 provides a more complete breakdown of the 

pulso integrator, The diagram shows how the instrument 

is connected to the signal generator arid the radar 

system. Those units which are inolosed by the dashed 

line rectangle are contained in the pulse integrator 

itself. Typical waveforms are arranged to correspond 

to the units in the block diagram at the same vertical 

level. 

Figure L la the schematic diagram of the dual 

channel integrator used by the writer in the eon- 

struction of his pulse integrator. Proceeding from 

the radar trigger input toward the right, we first 
have a blnckthg oscillator stage. (8, p. l3L-138) 
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This circuit provides the pulse generator with a sharp 

input signal of short duration. The signai frorii the 

radar ranging unit is comparatively broad and roundede 

In ozder to funotion properly, the pulse generator 

requires a narrow pulse. 

V3 and V with their asaoc3.ated components con- 

stitute the rectangular pulse generator. Effoctvo1y 

the generator produces the switching action which t 
mandatory for turning the integrator on and of at 

appropriate times, 

VI, the integrator tube, and V2, its dummy twin, 

make up the integrator stages. The standby tube, to 

which no signal is fed, serves to concol out effeeta 

or changes in the operating conditions on VI. 

The balanced bridge circuit built around V 

functions as a vacuum tube voltmeter, The Esterline- 
Angus recorder connects into the plate øircuit of this 
stage. 

V7 provides marker puises coincident with the 
gate from the pulse generator. In this manner, one 

can see which portion of the video he is sampling. 

V8 is a conventional video amplifier (8. p. !i..Q1-l.l?). 

Besides amplifying th video signals to the proper 

level, this stage reverses the polarity of the inccm:, 
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positivo ign1s. 

To niiniinize the pickup of transients on the 

grids of the integrator tubes a cathode follower is 

utilized (8, p. 6i.66). V9, the cathode follower 

amplifier, has a low output impedance. 

With the exception of the delay line, the bottom 

channel is identical to the signal channel used in this 

project. Due to the type of nieasurement made and. the 

auxiliary test equipment which was availb1e, the moni- 

tor channel was not used in the autho1's investigation. 



RANGE IN MILES RANGE IN MILES 
o io 20 30 40 50 60 70 80 90 

I 
I I I I 

0 lO 20 30 40 50 60 70 eo ao 
I I 

I I 

RADAR TRIGGER 
I I______ RADAR TRIGGER 

RADAR J ___L- 
TRIGGER DELAYED A FEW CONTROL 

i 

MOVABLE IN RANGE TO 
MSEC. FROM RF P i ---,- COINCIDE WITH SIGNAL 

L _-;' R.F, I I RADAR }TO_BE SAMPLED 
I SIGNAL I 'RANGING .- GROU SIGNAL 1GENERATOR1 

I L 
UNIT PRECIPITATION ECHOES 

RADAR I 

I 

I RECEIVERI I 

THIS PULSE SET 
AT RANGE WHICH 

J 

__________ 
ts +Ib____ SAMPLING PULSE 

IS FREE OF PREC 

__ 
VARIABLE IN WIDTH 

ECHOES 

Il 

i I 

__ 
I 

FROM 0.25 TO 2,*4S 

Il 
PULSE PULSE 

IGENERATI 
I 

GENERATOR 

I _ VIDEO I 

IAMPLIFIER 
I 

I 

INTEGRATOR 
I 

I 

__ 

1INTEGRAR' _ IiCIRCUIT 

CIRCUIT 
I -'H 

VOLTAGE CORRESPONDS TO 
I 

I 

I 
I 

___ 
AMPLITUDE OF SIGNAL I VACUUM I VACUUM I 

VOLTAGE CORRESPONDS TO 
AMPLITUDE OF PRECIPITATION 

GENERATOR PULSE 
I 

TUBE 
I 

TUBE 
I I ECHOES 

VOLTMETER1 VOLTMETER1 

MONITOR CHANNEL I 

I 

MONITOR I 

I 

i 

'RECORDING SIGNAL CHANNEL 
WAVEFORMS MILLIAM- 

I 
MILLIAM- 

I WAVEFORMS METER METER I 

DOUBLE CHANNEL PULSE INTEGRATOR BLOCK DIAGRAM 



- - 

+3OOV 
UK ESTERLINE ANGUS 

IOK .1 

H ( 'w r;9-i 
15 

K Z2 IC 

2W _______ 
220 V7 ) 

ve GSN7 
L V3 V2 5) GAQ5 

2k 

TEST 6 4Q5 
+ lOO 

POINT 
IC _________________ _______________ ______________ ______________ ____________ PI 

-tt---T.-----t- 

1oi NAWIC 
OUTPUT ICADA R 

T '7 V5 T 'R-i r:;i 

TRlGGER\ __________ 

I 

t 

t'=F- 
6SN7 __ 

________ 

I o' I 

'T 
IN PUT 

2 

2OutI5OKrK 

IN3 41+ 
I I 

. - 
22Nj 75 500 750 

i I I 

22M io4 OKk L OUTPUT 
56k - UX735O 

2OT 
ZT; O 5OOK 

T 
22K 
1W ? 

I i 

IO K 

_-__- 
5 6 K 

I 
j :: - - 

56K 56k PULSEØW$ 

_________________________ WIDTH 

-105V _______________________________________ + 30fl V 

13CC IO 6 
1(+2W 

3K 
2W V9 

V8 'OW 
32K 

i::_ 60K I,2 6J6 
+ 6C7 1W .01 

-R VIDEO s 

®5OOX INPUT 3 

I 
O0K 

75 

600 
I.e K _______ 2W 

+ 
SIGNAL 

-- - - 
.006 I006/SECT ____________________________________________ 

___________________________i 

- - e - 

-105 V 

NOTE ALL RESISTORS ARE - WATT UNLESS OTHERWISE INDICATED 

ALL CAPACITORS ARE IN f UNLESS OTHERWISE INDICATED. 

o INDICATES A STANDARD FRONT PANEL CONTROL. 

e INDICATES A FRONT PANEL SCREWDRIVER ADJUST CONTROL 

POWER SUPPLY REQUIREMENTS: 300 V oC 50 mo. 
- 105 V al 65mo. 

6.3 V OC 7.05 AMPS. - y -+5OOV 
IIP( 

I 
REMOT 

TRIGGER 
INPUT . 

I I I ¿ , 

j L I ç_*:_ 
I 

I 22k METE 2k 
I 

2w £-&--- 2W 
22OoilSECT 220' 

--2F*----- 
F! V12 5 VIO 

I 

\0L14A_\ VII 
° 

?0-r V15 6SN7 ' : TEST 
5 64Q5 6AQ5 

!Ji-;;T- N 2D21< . 
PthNT 

.( . 
ÎI s 

:V13 1N34 
!» ±3 33 10K 22M' lI0 TIK 

- i I 

I K 

_L___ - i i 
IW 

I I I 

5611 

_ 100k 
5611 PULSE 

WIDTH PULSE INTEGRATOR SCHEMATIC DIAGRAM 
56 K 

-I SV 

FIGUIE tj. 
'JI 



16 

Spolal Consideratior 

Considerable tolerance is allowed in the select- 

ton of most of the components in the pulse integrator 

without seriously reducing its dynamic range. In 

certain oases compromise values must be selected be- 

tween maximum sensitivity of the instrument and 

maximum allowable signal. This section will briefly 

discuss the most important design considerations, 

Referring, back to figure 2, the time interval dur- 

ing which the gate signal is applied to the screen 

grid of the integrator tube is a compromise value, 

:nough signal must be allowed to operate the 

integrator at a reasonable level. However, too long 

a time allows such a wide coverage in range that 

large variations in signai level are bound to occur. 

In comparison to the puise length, the sampling time 

should be short. With R1 2.2 megobni and PRF of 1000 

a sampling time of I microsecond appears to be 

- satisfactory. 

In order to keep the current drainage of C1 to 

ground linear and as small as possible R1 has a high 

resistance. To decrease the overall sensitivity, the 

time constant of the integrator must be changed. This 

is done by closing switch S, thereby increasing the 



the capacitance of the systen. WIth a higher 

capacitance, more pulses aro requIred to Influence 

the chae thereon, This effect is illustrated in 

Ligures 9 and 20. 

G. D. Forbes at the Radiation Laboratory of the 

Massachusetts InstItute of Technology developed the 

gas tube pulser circuit used to generate the rectan 

gu1r pulses for the screen grid of' the integrator tubo. 

Dr, WiLliam's report (10, p. 17.-28) is an excellent 

source for detailed cIrcuit design data on the Forbes 

pulser circuit. 

The plate cIrcuit of V3 (*ee ftgure Li.) contains 

the mont eritical components of the pulser circuit, 
the pulse storage capacitor and its charging resistor, 
Vaiiles were left blank n figure ¿4. for these corn.- 

ponente. Figure gtos a. chart for selecting the 

values rapidly. It also allows the designer to pick 

values which will best servo his purpose, The chart 
was furnished by Dr. Williams. (10, p. 2i) 

With Ebb of 300 volts and a PRF at 1000, a 

charging resistor of 92 K is Indicated, This is found 

by following the intersection of the curve for Ebb with 

the appropriato PRF Ithe down ta the x'esistance axis, 
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In a similar manner, by following the point of inter- 

section ovor to the capacitor axis, we see that a 

.0027 ,fr1f storage capacitor is required. 
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CHAPTER IV 

INSTRW1ENTATION 

Preliminary Comments 

This chapter covers the equipment which in con- 

junction with the pulso integrator should enable the 

atmospheric physicist to analyze the microwave back- 

scattering from precipitation. With respect to 

physical location the instrumentation can be divided 

into three distinct parts: (1) the power supply 

equipment located on the first floor of the physics 

building, (2) the various instruments and indicating 

devices located in the sky laboratory on the fourth 

floor, and (3) the calibrating and transmitting 

equipment mounted on the atmospheric research 

observation platform on the roof. However, because the 

functions of certain items of the equipment overlap, 

specific instrumentation units will be covered 

separately. 

Figure 6 shows that portion of the instrumentation 

located in the sky laboratory. Starting on the top 

shelf and going from left to right we have the modified 

TS-13/AP test set, the power supply for the pulse 

integrator, and the Estorline-Angus recorder. On the 
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shelf below we have froni left to right a ten turn 

potentioneter, a switching device for connecting either 

the marker output of the pulso integrator to the video 

Eeotion of the APS-2 indicator or the video signals 

from the APS-2 indicator circuit to the video input of 

the pulse integrator, the pulse integrator chassis, and 

two direct current voltmeters which nionitor the bias 

and plate supply voltages of the integrator. The botton 

shelf holds the APS-2 indicator chassis and control 

boxes for the radars. On the table is pictured a 

Tektronix oscilloscope used to calibrate the pulse 

width control of the pulse integrator. To the loft 

of the Tektronix scope can be soon the repeater con- 

sole which aurnents the indicatinç devices of the APS-2. 
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PULSE. INTEGRATOR INSTRUMENTATION SHOWN IN OSC 
ATMOSPHERIC PHYSICS RESEARCH SKY LABORATORY 

±IGUH 6. 
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Channel Pulse Integrator 

Figure 7 a close-.up of the pulse Integrator 

chassis. rorn left to right across the front panel 

we have the pulse width and VTVM controls for the 

tionItor channel (see figure 14.), a switch for the 

current to the recorder, the recorder outlet, the 

video amplifier gain control, and the VTVM and pulse 

width controls for the signal channel. 

Esterline-.Angus Chart Recorder 

The recorder used. by the author is shown in 

figure 8. Instructions for correct operation and 

maintenance of the instrument accompany it. Chart 

number Lj.3OS.X was used for the investigation. This 

designation indicates that the paper has 10 largo 

divisions, 50 small divisions, and no timo marks in 

the margin. A chart feed seed of 12 Inches per niinute 

was used in taking the data. 
Auxiliary supplies include a duckbill type pen 

filler, an ink dropper Inkwell filler, several sets 
of chango gears for selecting the speed of the feed, 
a two ounce bottle of rod ink, and a crank for wind'- 

Ing the clock. 
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Power Sum11es 

Perhaps the weakest link in the whole system is 

the source of LOO ojo10 power for the 03-APR/21 radar 

probe untt, The only equipment presently available 

i. a constant current welding generator which supplies 

26 volts d.c. to a converter commonly known as a 

screamer due to the shrill, sharp cries heard while 

it is operating. Ideally the generator feeding the 

converter should be a constant voltage source. The 

poor regulation of the present system shows up in the 

operation of the equipment, frequently causing 

malfunctions, Plans are now underway to remedy the 

poor regulation. 

A converted klystron power supply is used to 

satisfy the voltage requirements of the pulse inte- 

grator (seo figure It). A 10 ampere filament trans- 

former is utilized for the heaters in the fifteen 

tubes which make up the integrator. A power supply 

now on order which should improve the performance of 

the integrator has a voltage regulation of 0.1 per- 

cent for 10 percent line change, or zero to full load 

change. 
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PULSE INTEGR&TOR CHASSIS 

FIGtJIE 7. 

ESTERLINE-..ANGUS MODEL A W. 
REC 01W ING MILL lAME TER 

FIGTJ1E 8. 



OS-.APR/21 Radar z'ob Unit 

The Oregon State College atmospheric physics 
research radar probe unit was designed by graduate 

students, A. L. Pulmer and R. W. Sutton. Complete 

details of the probe unit will be published by them at 

an early date. In general, the unit consists of that 
portion of the APSL. radar between the wave ide to 

the antenna and the input to the video amplifier, the 
indicator portion of the APS2 radar, and the APS-15 

antenna. Their conversion not only narrows the beam 

width to three degrees but also gives the systeni a PPI 

capability. It is the, output of this unit which feeds 

into the pulse integrator. 

C alibrat ion 

During the course of the investigation three d.is 

tinet methods for calibrating the system were devised. 

The first method, illustrated in figures 9 and 12, 

involved constructing a boom that would hold a micro- 
wave pickup horn, ATL.8m, (shown in figure 1,3 at 

extreme left) directly over the antenna probe at a 
distance of three feet. The swing of the boom was 

chosen so that both APR/21 probe and adjacent AP3-.L. 

antenna could be reached in the same arc The energy 

picked up by the horn is fed through coaxial cable 
to a waveguide-coax adapter, UG-81/tJ, which is 
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BOOM IN POSITION FOR CALIBRATION 
FIGURE 9. 

TS-L5 SIGNAL GENERATOR FEEDING RF ENERGY 

THROUGH SEACOCK INTO WAVEGUIDE 

FIGURE LO. 



MR. SUTTON CICKING THE FEED SLOTS OF ANTENNA 
FIGURE 11. 

THE AUTHOR ALIGNING THE APS-L. ANTENNA WITH 
CALIBRATION PICKUP HORN 

FIGURE 12. 
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shown in fiCtue :ij, second troni the left. The adapter 

fits onto the stde of a TS-13/AP test set pictured in 

figuxe 114.. FIgure iS gives a simplified diagram of this 

test set, illustrating the most salient pointa. Phe 

handbook aeooriipanyin the TS-i3 gives the omp1ete 

operatienal procedure. RG.9/U cable was not available, 

however. Unfortunately, the losses suffered by using 

substitute cable negated. the possibility of utilizing 

this method. Then an order of this cable arrives, it 

will be 1ntereting to try it out. 

The second method substituted a directional 

coupler, COE 176/AP, (shown in fIgure 13 in the lower 

right hand corner) for thc horn. The directional 

coupler .fits right into the wavguide transmission 

line, Therefore tight coupling, was achieved. Even then 

this method did not give reasonable indications. The 

trouble was felt to he caused by the ecezsive losses in 

the cables (RG8,/1J coax was used) and perhaps by faulty 

thermistors in the bridge circuit of the test set, 

The third method, illustrated in figure 10, uses a 

T3-tA/APM-.3 test set and a seacook, shown in greater 

detail in figure 13. Due to the low power output of 

the 723A/B klystron (2. p, 12-20) only a range at 

about 20 decibels could be, reflected onto the chart 

recorder. It is felt that this system can be improved 
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upon by boosting the repeller voltage. (8, p. 7L$- 

763) Operating instructions for this nethod of 

calibration are given in the ÄPB-L1. handbook. 



FIGURE 13. MICROWAVE ACCESSORIES 

TS.13/AP TEST SET WITH 
TEN TURN POTENTIOTER 

FIGURE Lt. 
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RA}GING U1I 

The phaïng multivibrator of the TS-13 was 

modified to serve as the radar ranging unit and hence 

pick out the portion of the upper atmosphere to be 

sampled in the pulse integrator. Referring to figures 

1!5 and 16 we see that in its modified forni R1OL. and 

the O K, 10 turn potentionieter vary the time constant 

for different ranges. As the signal channel of the 

pulse integrator requires a positive signal, the 

inverter amplifier was bypassed. Modifications 

perfortned on the TS-13 do not afrect its performance 

as a signal generator or as a power measuring device. 

A range calibrator is required in order to make 

realistic quantitative measurements. At present, only 

a rough approximation can be given. 
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CHAPTER V 

PRESENTMION OF DATA 

Figure 17 represents the random variations or 

amplitude commonly referred to as noise which occur 

even while the integrator is sanipling an area in 

which no echoes exist, This portion of the data was 

obtained on a clear day. The radar antenna was 

elevated high enough to avoid any ground c1utte. 

Three difrorent settings of the gain eantrol et the 

pulse integrator video aniplifier were used. The 

left third of the figum contains a representattire 

sample of the highest gain setting used. The other 

samples represent suocessivoly lower power levels. 
At a much lower setting of the amplifier gain 

a calibration curve of the instrument was obtained by 

the method outlined in chapter Li.. Figure 18 gives the 

typical calibration curvo one would expect to obtain 

using the TS4. Each step corresponds to a two 

decibel change in echo power. Thus the range of 

this particular calibration change would be 18 decibels. 

With references to chapter 3 and figure 2, figures 

19 and 20 indicate the effect the RC tinte constant has 

on the integrator record. Evidently the time constant 
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used in figure 19 is unsatisfactory. By increasing 

the time constant somewhat, the size and frequency 

of the fluctuations can be reduced. This can only be 

done however, by sacrificing sensitivity. 

On the morning of May S, 19S8, a performance test 

of the pulse integrator was made. Precipitation echoes 

were received about 10 miles due east corresponding to 

the town of Lebanon, Oregon. Figures 21 and 22 are 

samples of the data taken at that time. For figure 21 

the range potentiometer was quickly rotated through 

its 10 turns, which represents a total ranging depth of 

7500 ft. With the pulse width set at 1fri.sec. the 

rango marker was positioned so that it was at the edge 

of the precipitation. Turning it through its range 

would mean going from a region of comparatively little 

back-scattering to progressively reater amounts of 

echo, 

Figure 22 consIsts of three different samplings of 

the echo Intensity. The only control changed was the 

range potentiometer, 



NOISE LFVL CWCK CF PULSE INTh&RATO 

FIGUR 17 
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fl'JCT OF SHORT TIME CONSTANT ON TYPICAL DATA 



TYPICAL DATA AS OBTAINED WITH LONG TII CONSTANT 

FIGURE 20. 



INTENSITY RANGE OF ECHO POWER FROM PRECIPITATION OBSERVED AT 1030, 
5 May 1958, OVER CITY OF LEBANON, OREGON 



DIFFERE1T LEVELS OF ECHO POWER FROM PRECIPITATION OBSERVED AT 1100, 
MAY, 198, OVER TRE CITY OF LEBANON, OREGON 

FIGURE 22, 

ç') 
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CHAPTER VI 

C ONC LUS ICN 

A large part of the author1s work wa done under 

the proposition that if a person does not know what ho 

is doing, thon he a10 do not know what should not 

be tried. The virtue in this is that the word im- 

po3sible is not in his vocabulary. Dy this the 

author does not mean to ìnror that he feels that the 

rosu1ti of his woxk are in tiny S0fl86 profound. Nor 

does he mean to imply that he somehow performed the 

impisib1e, Instead he rieana simply that within the 

limits of human safety and economic feastbility, an 

investigator should not be deterred frou an experiment 

considered £ruit1e or inipoasible by earlier research- 

ors untii he has convinced hitne1f of its 2utility. For 

it is during this convincing period that several noto- 

worthy scientific diseoverie have been made. 

The work which ha been outlined in the main body 

of this thei relates to the construction and operation 

of equiptnort which does and will continue to provide 

significant information for research in atmospheric 

physics. The results, as actually observed, show 

details about precipitation regions of the atmosphere 

not obtainable by other rethods. By employing a 



controlled target depth and making quantitative 

neasurernents of radar wave reflections from selected 

regions, precipitation density and distribution can 

quickly be determined. 

The aim here has not been to assemble quantities 

of data for weather analysis but rather to provide a 

convenient method to probe into regions of precipitation 

and to observe the rapid changes and movements of such 

regions. The integrator described, with its associated 

equipment, has shown itself to be an effective device 

in the study of local precipitation and its movement. 

With respect to future work, the author feels that 

four problems need to be solved before the pulse inte 

grator and associated circuitry aro ready for quanti- 

tative measurements of microwave back-scattering. These 

problems concern themselves with the following: 

(i) noise in the R-F section of the radar 
probe unit; 

(2) poor voltage regulation in both the probe 
unit and pulse integrator power supplies; 

(3) inadequate output from the signal generator 
to effect a full range calibration; and 

(t1) the need for the means to make absoluto 
power measurements. 

In connection with the first problom, îIr. Sutton 

has suggested redesigning the R-F amplifier of the 



APS-t. receiver section. A balanced crystal mixer 

circuit (8, p. 881-886) In the input section of the 
APS-14. receiver would further decrease the noise. 

Action has already been taken on the second 

problem. New power units with precision regulation 

have been ordered. 

A study is now underway on problem number three. 
A possible solution might be to redesign the signal 
generator using a klystron with a higher output. 

The fourth problem could perhaps be solved by 

attaching a metal sphere of known cross section to a 

tethered pilot ballon. 

When the relatively simple problems indicated 

above have been solved, the atmospheric physicist at 
Oregon State College will have a prolific tool with 

which he can probe the atmosphere. Analysis of the 

data received therefrom may provide answers to a few 

more of Nature's secrets. 
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Pilot 1oon Observations 

Upon completion of the pulse integrator and 

associated circuitry it appøared that there would be 

no precipitation with which to run a forna1 performance 

test of the equipment until after the deadline for 

submission of the completed thesis, An alternate method 

of checking the performance was therefore formulated. 

With the aid of students in a mcteorolog course and 

the author's colleagues, eight 30 gram pilot ballobns 

filled with hydrogen were simultaneously released 

from the research observation platform atop the phyatos 

building. As the balloons tended to bunch together, the 

entire group could be tracked by means of a single 

the odolite. 

To each balloon was tied the end of a 7O foot 

aluminum chaff rope similar to the chaff bobbins used 

in military radar countermeasures. It was hoped that 

the chaff would back-scatter sufficient microwave 

energy to enable the bunched bal3.00ns to be tracked with 

the OS-APR/21 radar probe unit. Unfortunately the test 

produced negative results. Although the probe unit was 

able occasionally to pick up a return from the chaff, 

the three degree beam width of the antenna precluded 
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efficient tracking. In order to make futuTo ob8U* 

vat ions the antenna will have to be equipped with some 

sort of' visual sighting device siniilar in construction 
to a theodolito optical sstern. 

On the morning of May 3, l98, another pilot 
balloon was launched, 1Nith the thought that the 
scattering cross section of the chaff rope might have 

been too small to give a reasonable echo, dipoles cut 

fron Christmas treQ icicles vero sprinkled into a 

pilot balloon which was coated on the inside with 
glycerine. The balloon was thon filled with hydrogen 

and laanehed. Negative results were again obtained. 
In the final trial made later in the morning a 

12 foot length of aluminum wrapping foil i foot wide 

was attached to a pilot balloon filled with hydrogen. 

It is suspected that the narrow beam prevents effective 
tracking because in this attempt also, negative results 
were obtained, 

Vthile plans were being made to launch another bal- 

loon equipped with a corner reflector, precipitation 

appeared In the atmosphere. The artificial target 
method was therefore abandoned at once. 



Interestinç. Chart Recordings 

Figures 23 and 2L show xecordings ruade with the 

Esterline-Angus recorder with the spinner rotating 

through 360 de,rees. In figure 23 is showti the re- 

sponse of the recorder to Thur peaks in the Cascades. 

For this recording the elevation of the antenna was 

fixed so that just the very tips ot the mountains 

were visible on the P?I scope. Then the radar ranging 

unit was run out till it coincided with the center of 

the echoes. Each repeated pattern represents one 

revolution of the radar antenna. 

The same procedure was followed for the recording 

shown in figuro 2L, Besides the huge response which 

was given by Marys Peak, two smallor' peaks which the 

integrator recorded as one show up at about the 0.8 

level. 



. - . . R ___&_ IM& '- A& V&_L_ 
' _ ' i I kIII . ' t__ 
IRAK__ I IIIIILIIELI_ 
ml _i_I_!I_111111_IwJ.I 
SIi'_IWI_NIVIN:II_I._'j - UI ¡rl V'______ 

_________ 
PPI TRACE OF SEVERAL PEAKS IN CASCADES 

FIGURE 23 

H 



PP I TRACE OF MARYS PEAK 

FIGURE 2L.. 


