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HAS L AERIAL SURVEY SYSTD4 

by 

14. ,E •. Cassidy, R. T. Graveson, H. D. leVine 

ABSTRACT 

Radioactive debris from nuclear detonations tmly fall out over 

an extensive area. A rapid eva lua ti on of the distribution of such 

surface contamination can be obtained by an aircraft mounted detec­

tor. The gamma field measured in the aircraft can be related to 

the intensity on the ground. 

The HASL "Top Hat'' system measures the radiation intensity, in 

an aircraft, at any altitude up to 1500 feet. The data is contin­

uously compensated to the reading that would be obtained if the 

measurements were taken at three feet from the ground surfaoe. It 

will record the eround radintion field intensities from 0.01 mr/hr 

to 1000 r/hr. The Telepulse Coding Unit converts this infor~tion 

to a signal suitable for transmission to a plotting center via a 

standard voice radio transmitter. The transmitted signal is decoded 

by a Telepulse Receiving Unit and is automatically recorded on a 

strip chart. The radiation data must be correlated with the air­

craft position to determine the location and intensity distribution 

of the contaminated area. 
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HASL AERIAL SURVEY SYSTEM 

1. INTRODUCTION 

The imasuremant of' f'all-out over extensive areas has become 

necessary in view of' the increased yield of' radioactive debris f'rom 

the larger nuclear devicese The use of' aircraft f'or long range 

radiation survey makes feasible a rapid determination of' the dis­

tribution of !'all-out debriae The limit of detectability depends on 

the sensitivity of the measuring instrument, the energy and intensity 

of' the surface radioactivity and the absorption of the intervening 

layer of aire When the altitude is known 9 it is then possible to 

relate an aerial radiation measurement to the intensity at the surf'acee 

The resolution, that is, the degree at which an area can be 

delineat.ed is proportional to the aircraft altitudee The radius of 

the ground area in feet which is viewed by the detector is approx­

inately equal to the aircraft altitude in feet 0 Since fall-out is 

distributed fairly tmiformily over wide areasD the aircraft reading 

is directly related to the surface radiation field" 

This aerial survey system uses a scintillation coi.mter which 

is sensitive over a range extending from 0.,005 mr/hr to 200 r/hr, 

as measured in the aircraf'to A signal from the airplane radar 

altimeter corrects the aircraft radiation reading to a radiation 

intensity at three feet from the surface. This level is recorded 

and simultaneously converted to a time=modulated pulse-train by a 

'tirelepulse'• Coding Unit for radio transmission to a plot center. 

At this center 9 a "Telepulse1
• Receiving Unit decodes the information 

and presents the ground-level radiation intensity on a strip-chart 
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second time constant and has a sma 11 standard air since the number 

of contributing gamma ray photons absorbed in the phosphor is 

The plastic type phosphor was selected for the following 

reasons s 

A. Its response to the gamna ray energies, Figure 3, is 
practically equivalent to that of air. The response 
of a thallium activated sodium iodide phosphor which 
is widely used for scintillation counters is included 
for comparison. 

B. It is based on organic scintillatcrs which have short 
decay fe.ctorso Thus, there is little residual light 
in the phosphor after incident radiation has been re­
moved. Therefore, it is feasible to survey low in­
tensity areas immediately after leaving a high intensity 
field. 

c. The phosphor is strong and will not shatter from thermal 
or mechanical shocko 

With a given phosphor size the photomultiplier tube is limited 

to the range over which it will operate without saturation. There-

fore, two phosphors and photomultiplier tubes were used to extend 

the total rangeo The low radiation level detector responds from 

o.oos mr/hr to 100 mr/hr and the high radiation level detector 

responds from 10 mr/hr to 200 r/hro 

In a single flight line, the radiation intensity change may 

span several decadese The D.C. amplifier was designed with a 

logarithmic response to present a large dynamic range on a single 

scale. The logaritmnic response of this instrument is achieved 

by using the plate current-grid current characteristic of the 

n.c. amplifier tubes1• The two detectors have an overall range, 

10 LeVine, Ho D., 1•togarithmic D.Co Ratemeters for Scintillation 
CountersQ, Nuoleonios, - Febo 1954~ pp 36-39 
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Figure 4, of approxiJD.ately nine decades., This is divided into four 

aoales of three decades each 0 Figure 5., Those scales ares 

A,. .,005 - 1 mr/hr 

B,. 0 .. 1 - 100 mr/hr 

c .. 10 to 101 000 mr/hr (0.,01 to 10 r/hr) 

D,. 1,000 to l,000,000 mrjhr (1 to 1"000 r/hr) 

The low level detector cavers the range of scales A and B, and the 

high level detector covers scales C and D., The three decade scale 

achieves a compromise between reading and telemetering aocuracy 

with a minimmn amount of scale switchingo The upper limit of 

scale D ( 1000 r /hr) is extended beyond the rre.ximum reading of 

the instrument (200 r/hr) to allow for the increase in reading 

dua to the compensation of a iroraft intensities to ground level 

readings.. This will be fully discussed in Section 2.1,.4 on alti­

tude compensation. 

2 .. 1.2 !A3tector Circuit Description (Figure 6) 

The detector consists of two plastic phosphors., One, 311 

diaI!l3ter by 4 11 high, is mounted on a 3'' photomultiplier tube 

(DuMont type 6363), and measures the low radiation levels., The 

second, l" in diameter by 1/4" high~ is mounted on a lt'- photo­

multiplier tube (DuMont type 6467) for measuring high radiation 

levels., The phosphor sizes were experimentally determined for 

the range of radiation intensities to be coveredo The tenth dy­

node of each photomultiplier tube is connected to the grid of the 

amplifier, however, high voltage is applied only to the tube in use., 
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This arrangement eliminates switching o:f dynoles in t:he !1.igh impedance 

grid circuit. Voltage regulator tubes, V-3 and V-~ are selected, 

and the gain controls R-9 and R-19 adjusted, so ~hat the gains of 

the individual photomultiplier tubes are matched into the single 

amplifier circuit. 

Ligt.t excited in the phosphor by gamma radiation illuminates 

the photocathode of the photomultiplier tube which produces electrons 

~hat are multiplied by secondary emission of electrons from t£e dynoieso 

The electron current pulses appearing on dynode 10 are integrated 

by capacitor C-2 and averaged by t:r~e effective grid to cathode 

resistance of t.he amp:ifier tubes. The value of t.'.:lis RC product is 

kept small to keep tbe time constant of the instrument fasto The 
. 

amplifier consists of two Raytheon CK-533AX tubes, which are 

connected in parallel to secure the power output necessary to dri1>-e a 

recordero When these tubes are driven from a high-impedance 

current source, as provided by the dynode of a photomultiplier 

tube, tb.e plate current is a logarit~c f'Unction of the input grid 

current. Individual tubes are selected for this cba.racteristic. 

Since the electrical characteristics of photomultiplier ~u.bes 

differ, individual bias adjustments are requi~ed. This bias is 

inserted under ~he grid resistor, R-25, Because of the 109 obm 

value of R-25, the grid sees a constant current bias. The slope 

of the logarithmic characteristic (at the high end of the scale) 

is set by t~1e gain controls" The bias controls are used to match 

this slope a~ t:':l.e low end. Over a 4-·l/2 decade range the plate current 

change is 180 microam:pers per decade of radiation. This current is 
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measured by a recorder (laterline-Angua llodel AW'), plotting 

radiation inteneitie1 from Oo005 to 100 mr/hr froa the low-

leT•l photomultiplier tube, and trom 10 mr/hr to 200 r/hr from the 

high-leTel photomultiplier tubeo. 

Since~only three decades of inforaation are to be pr•••nted at 

a time, additional load resistance, R-31, R-32, are added in s•rie1 

with tblt internal resistance ot the recordero The R-31 is set at 

1,850 ohm from ara to ground so tbat a change of one Tolt with respect 

to ground is equal to a radiation change of 3 decades. The three 

decade scales ot the 4* decade response, ot each photomultiplier 

tube is selected by subtracting a fixed voltage in seriea with tb.e­

output signal. The four voltages are proTided by potentiometer• 

R-35, 36, 37 and 38. They are consecutin1ly selected by switch 

S-1 in positions A,B,C, and D. The switch alao connects the proper 

grid bias, buok-out Toltage and high Toltage into the circuit for 

the selected scale. On any scale, the volt~ge at tbt output of the 

subtraction circuit will be zero volts for the minimum intensity 

and one Tolt for the maximum intensityo 

In the OFF position ot S-1, the batteries are disconnected. 

Those remaining in the circuit are utilized at negligible current 

drain. In the SET position, th• recorder is used aa a voltmeter 

to check the B plus voltage. 

2.1.3 Altitude Compensation 

Since the distance from th• aircraft to the ground is 

continuoualy varying, the aircraft readings are userul only when 

referred to a standard distance troa the aurtaceo For th• evaluation 
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of dosage, the accepted level has been set at three feet abave the 

grotmd. 

The relationship between the intensity ra:1asured at the air­

craft and the three foot intensity is proportional to (over an 

altitude range f'rom a>O - 1000 ft.)c 

(1) 

Ia • radiation intensity in airora:t't 

I 0 = radiation intensity at ground level 

u : linear absorption coefficient of' air (f't-1) a 

X : altitude (ft) 

Then 

Io : Ia -Eux 

And 
:ta 

I --Eux 

where fa = altitude correction 

from ( 2) &: (3), I 0 = fa x Ia 

and Log 10 s log :t + log I a a 

f'rom (3) fa - r- : E+ux --E-ux 

1 og fa : ux or.!.. log fa u 

.f'a.otor 

= x 

(2) 

(3) 

(4) 

(5) 

(6) 

Because the detector output is designed to provide a logarithmic 

response, it is only necessary to add the log r electrically to ob­a 

ta.in log I o Also l_ log f is directly proportional to altitude g u a 

(equation 6) and thus rr&y be derived from a radio altimeter. 

It is not possible to maintain an aircraft in level flight 

and the changes of ~ 50 f'eet v.hich normally occur will create 

large changes in the radiation reading. Thus it is essential to 

- 13 -
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continuously and automatically correct the aircraft reading to ground 

level a 

The altitude compensation consis~a of a ~adio aitimeter 

arranged to provide a voltage inversely proportional to the height 

above the groundo A potentiometer is coupled to the indica~or shaft 

of a radar altimeter 9 Figure 8s to develop the ~equired voltage tor 

altitude oorrectiono Barometric altimeters are unsuitable~ since 
I 

they indicate altitude from an arbitrary re£ereno~. usually sea 

level 9 and do not account for variat~on o~ the earth 1 s surfacee A 

~r tl'i.llleter gives the true altitude from the surfaceo 

Manual al ti tuda oompensatiOn is possible should the radar 

aJ.timeter failo Manual operation is useful only when the terrain 

is fairly level and when it is possible to cloeely estimate the 

distance from airer's.ft to groundo Then.c by flying at a constant 

barometric altitude, ground level data can be obtaineda 

2olo4 Altitude Compensation Circuit Description 
. 

The detectcr signal is coupled into the compenaation circuit 

through switch~ S~lH (Figo 6)a The altitude compensation voltage 

is developed by potentiometer R=44~ in automatic operation, and by 

potentiometer R=37 in aanual operationo It is added to tm detector 

voltage to produce a signa.l proportional to the radiation intensity 

at ground levelo This level is measured by a 'V8.ouum tube voltmeter 

circuit haTing a one volt full soa1e ~ensitivityo (Section 3o2ol)o 

A voltage corresponding to the maximum (1500 ft) altitude is 

developed across the altitude compensation potentiometer by 

battery B~7 through ~alibration reshtor R~38o The potentiometer 
' 

ca 15,= 



.. 
;;··· 

""""""" liflia·~~ 
... .._,..,:. 4lt... 

Figure 8--.!:<.ad.ar fa.lti.::.eter 
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output voltage is directly proportional to the altitude (Section 2ole3 

equation 6)0 Thereforeg the compensation added to tblt radiation signal 

will be a logari tbmic function of the altitude., The proper compensation 

'voltage for an area contaminated with radioi1otopea can be determined 

by talcing two passes over a level section ot the area. one at 500 

and thl second at 1000 feet. The ratio or the readings obtained at 

the two altitudes can be used to determine the voltage applied to the 

altitude compensation potentiometers., (See Section 2o4o4 for a tull 

description of this prooedure)o Once the voltage has been determined 

and set, the instrument will properly compensate for any altitude 

over an area with a similar type of contaminationo However where 

these values have previously been determined, the altitude compensation 

voltage may be set prior to operationo 

Since the rotation of the indicator shaft or the rade.r altimeter 

(APR-22), which has been used with this inetrument ia DO~• linear 

function of altitude, tb!t resistance of the automatice coapen1ation 

potentiometer (R-44) was computed to produce a linear change with 

a.l ti tude., It has been reported t:ta t the newer mo de la of the altimeter 

may have linear output characteristics available thus permitting the 

use of standard linear potentiometerao 

2.1.,5 Power Supply 

All power for the "Top Hat" airborne detector is obtained 

trom an internal supply of mercury cell batteriesp which have been 

selected because of their flat voltage discharge characteristic and 

sharp voltage drop off at the end of useful lif'eo 
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2o2 Mechanical Description 

'!he i.ns trument cons is ts of two uni ts, excluding recorders 1 the 

"Top Hat9 detector and the Control Box. These are interconnected by 

cableso The "Top Hat" detector is housed in a 12" high by 8" diameter 

aluminum cylinder; closed at one end by a welded plated and her­

metically sealed to an aluminum base plate at the othero The •tef 

Rat" housing provides a hermetic seal \o pr•Yent ~1dlty tr• 

&tfecting th8 high impedance Hctiona ot th• ••t•otor and -...1w1w 

circuits. The phetoaultiplier 1ain ooetitrols are ~rougllt th!"ough ,._ 

base plate by sealed s:Rattao ~e -...ltec• r-culators for the 

photomultipliers. the dyuode "°lt.@• divider networks, and the 

logarithmic amplifiers are within the housing with the unregulated 

high voltage fed through the base plate through hermetic seal 

connectors. The phosphor-photomultiplier assemblie1 are mounted 

perpendicularly to the base plate over thirme4 ••• 1eoti0Re of the 

plate (1/16" thickness to reduce attenuatioa et rat• beina aea1ured)o 

1The ·phosphors art provided w1 th l" thick ,.ri.ftl•ral lead ah.1.•U• lo 

minimize radiation effects should the plane become cOlltalm.in~te4. 

The shielding also provides the characteristic of Figure 9. Th• 

control circuit is mounted in a water tight box, ~ wide by 7• 

high by 3f' deepo 

The control box houses a high voltage vibrator supply, the batteries 

and all controls with the exception of the photomultiplier tube 

gain controls. 'nle controls that are used during a survey are mounted 

on the cover of the control box. These are the RANGE switch, B PLUS 

set a.djus 'bnent • al ti tu de comp ens a ti on. SET and the IUNUAl ALTI 'l'UDB ccntralo 
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A meter is included on the cover of the control box to indicate grou~d 

level radiation intensityo The amplifier bias, scale buck-out and 

B plua -.cl tllleter contro la are mounted on a board within the oontro l 

box, and adjusted only during calibration. Batteries are accessible 

by releasing the snap looks on each end of the potentiometer board. 

2.3 Calibration 

The calibration procedure is divided into four phasesa l) The 

preliminary power supply adjustaentaD 2.) The "Top Rat" detector, 3)ftle 

buok-out ciruit setting and 4) the altitude compensation oircuito 

Calibration of this instrument requires a standard gamma radiation 

source such as radium or cobalt &J of suitable site, a vacuwa tube 

voltmeter and an ohmmetero Th• locations of the internal control• 

are shown in Figure lOo 

2.3.1 Preliminary Power Supply Adjustments 

Connect the required cables betreen the "Top Hat", Control 

Box and the Aircraft Radiation Reoordero 

Hig!l Voltage Supply - If the vibrator does not start, 1rotate the 

vitran contact two turns counter-cloclcwiseo 'nlis control 11 reached 

through the hole in the high voltage battery board (See Figure lO)o 

Set switch 8-1 to position SIT 9 turn the vitran contact clockwise until 

the reed is heard to just start to vibrate and then advance the contact 

1/8 turn. 
I 

Whe~ the switch is now turned from OFF to SET, the vitran 

should start without further adjustment~ 

B Plus Supply - With the SW'itch &t SET position, adjust a-29 
I 

to produce the minimum B plus voltageo This point will be indicated 

by the minimum recorder deflection th&t can be obtained with this control. 
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Then adJut R-30 until tt.9 recorder reads O. 70 ma. When making any 

calibration adjustments, tap the recorder tape in front ot the pen 

until the pen comes to its final reading. 

2.3.2 "Top Hat" Detector Calibration 

There are three mechanisms for obtaining the desired calibration 

curve, these arei 

A.. Adjustment of the gain of tm photomultiplier tube to obtain 
the proper slope. 

B. Adjustment of tne bias control to set the low end ot the 
calibration curve. 

C. Adjustment of the amplifier plate voltage supply to brin« the 
amplifier into the logarithmic portion of its char•cteriatic. 

The gain of the photomultiplier tubes is adjusted by selection of 

the voltage regulator tubes, and setting of tmpotentiometera R-9 and 

R-19. 1000 volt corona regulator tubes (V-3 and V-4) should be used 

as a first approximation to the proper value. With the range switch 

at position A, and the detector in a 10 mr/hr radiation field, adjuet 

the low level photomultiplier gain control, R-9, until the recorder 

reads 0.82 ma. Should it be impossible to reach this current, the 

1000 voltage regulator b.lbe, VR-3, should be replaced with one 

regulating at a higher voltage. Then reduce the radiation field to 

0.01 ma and set the amplifier grid bias control (float control) 

R-27 to produce a recorder indication of 0.275 ma. (If the recorder 

current cannot be brought down to this value tte photomultiplier tube 

has too high a noise level a.nd should be replaced). Check the 

current at 10 mr/hr and if it has changed read just R-9. Then oheok 

the O.Ol mr/hr point and make any necessary adjustment with R-27. 
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After these settings are made, it should be possible to reproduce 

the proper meter indications at O.Ol and 10 mr/hr without any further 

adjustment. 

The instrument should then be calibrated over its full range by 

obtaining the recorder current for several values ot radiation and 

plotting a curve which should match curve A shown in Figure 4. It 

there is a departure from linearity, co~pensate by readjusting the B 

plus set control, R-29, slightly. However, it this is done the switch 

should be then turned to the SiT position and R-30 readjusted to 

~duoe a recorder current ot 0.70 :ma. Should there be a marked non­

linearity in the calibration curve, it will be necessary to select new 

IUDplitler 'tubfs, V-1 and V-2 until a pair is found which vrill !?'e t.he 

required. obl.rt.cter U ti Cl• 

To calibrate the high level detector.' set the range switch to 

position C and repeat the procedure for setting the photomultiplier. 

tube gain control and the float control described above; however, 

use radiation values of 10 mr/hr and 10 r/hr to correspond to curremts 

of 0.200 and 0.740 ma respectively. Selection of the proper 

photomultiplier tube, VR tube (V-4) end gain control adjustment (R-19) 

should bring the detector into proper calibration as shown by curve B 

in Figure 4, without any further change of B plus or amplifier tubes. 

2.3.3 Buck-Out Circuit 

Set the a.rm of ~-31 at 1,850 ohms between it and ground as measured 

by an ohmmeter. The buck-out potentiometers are then adjusted to 

produce zero volts measured between the arm of switch S-lH and ground 
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at the corresponding scales and radiation fields shown in the chart 

below. 
lopply Adjust 

Swi toh Position Radiation Intensitz Resistor 

A 0.005 mr/hr R-35 

B O.l mr/hr R-36 

c 10 mr/hr R-33 

D 1000 m.r/hr R-34 

2.3.4. Altitude Compensation Circuit 
I 

The proper compensation voltage for attenuation factors corresponding 

to a partic\,\lar c,ontaminated area. oan be determined and set while in 

flight by the following procedure. 

A. Kake passes over the same section of a contaminated area at 
500 ' and 1600' • 

B. Subtract the current reading on the aircraft radiation recorder 
obtained at 1000' froa the one obtained at 500'. 

C. '!'he~ using the curve shown in Figure ll, determine the 
voltage corresponding to the difference in current between 
the 500 and 1000 foot readings, adjust R-38 to obtain this 
voltage across the compensation pot~ntiometer. 

2.4 Operation 

To assure minimum radiation absorption by the aircraft, the "Top 

Hat" detector is positioned so that only the skin of the aircraft 

separates it from the outside. The most suitable location is usually 

in the tail section. Also, the tail position is furthest removed 

from radioactive dial instruments in the pilot's compartmento The 

control box is located with the operatoro 

To set the unit in operation: 

A. Set the altitude compensation toggle switch (S-2) to either 
"automatic" or "manual" depending on the type of operation 
desired. When using manual altitude compensation, the 

• 
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manual control must be continuously adjusted as the aircraft 
ohanges altitude. 

~. Turn the range switch (S-l) from 9 0FF" to "SET". This 
connects the batteries and places the aircraft radiation 
recorder in the circuit as a voltmeter indicating the B plus 
voltage. 

c. Adjust the •B + SET" control bringing the recorder reading to 
0.70 ma. Sinoe this setting is critical, the paper in front 
ot the recorder pen should be ta~ped, to overcome pen friction 
which may cause erroneoua readinga. 

D. Start the recorder chart drive. 

B. Turn the range switch to a scale giving a convenient readi.ag 
on the aircraft radiation recorder or control box meter. 
An external voltmeter circuit 1a required to drive the control 
box meter (See Section 3.2.1) 

The ground-level radiation-intensity signal-voltage is a 

combination ot the aircraft radiation signal and the altitude compen-

sation voltage. Therefore it is possible to have a reading on scale 

even when measuring a radiation intensity which is less than the 

minimum value that can be measured on that particular scale. lf there 

were no altitude compensation the recorder would read below scale, but 

at high altitudes there might be sufficient altitude voltage 

introduced to drive the recorder on scale. As an example, this 

condition would occur if the aircraft were flying at 500 fto (fa-ll.5) 

and the radiation intensity at the aircraft wa.s 0.05 mr/hr. This 

corresponds to a three foot intensity of 0.58 mr/hr and would be 

indicated as such if the A scale is used. However, if the B scale 

is used the recorder will indicate 0.27 mr/hr (o.14 ma). To prevent 

this from occuring the operator should always check to make sure he 

is on the lowest re.nge scale (A,B,C, or D) giving an on scale 

deflection on either the three foot level recorder or the meter on 

the control box. 
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3., TELEPULSE CODING UNIT 

3.,1 General Description 

In the Telepulse Coding Unitp (FiEureo 12) the ground level 

radiation intensity from the detector is measured by T&ouwn tube 

voltmeter bridge wbioh driT•• a strip chart recorder and ia alao 

oonTerted to a periodio 9 tia•=modulated9 conata.nt=am.plitude pulae­

train for radio transmiasiono Thia type ot signal 11 suitable tor 

transmission by both telephone linee and radioo The instrument h 

powered by 115 volts at 6o cycleso 

An auxiliary unit, the Junction Box. contains a control to permit 

either voice communication or telemetering over the plane radio 

transmittero 

3o2 Circuit Description 

The Unit is divided into f'our subsectionaa 1) Bridgeg 2)' Converter9 

3) Comparator9 and 4) Power Supplyo The circuit diagram is shpwn in 

Figure 130 

}o2ol Bridge 

In the bridge section. the ground level radiation signal from the 

detector is amplified by a balanced DoCo amplifier, V-l (a one volt 

full soale aensitivity)o It dr:i.vea a strip chart recorder (Esterline­

Angua Model AW) end the meter on the control box of' the "Top Hat" 

airborne deteotoro The radiation intenaity correapond1ng to the 

current indicated it can be obtained from the calibration curves 

given in Figure 5 or three decade chart paper (Esterline Angus type 

1273) may be used and the intensity read off' directlyo The voltage 
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fed to the oonverter unit is developed across a resistor (R-l) 

in the junction box, Figure 15, which is in aeries with these meter10 

Identif ioation markers may be injeeted during a survey by th• 

oirouit ooneiating ot battery B-1, potentiometer R-9 and timer T-lo 

The input from the detector i8 disconnected and a voltage is supplied 

to the grid of the balanced amplifier to drive the output lignal to 

tull soaleo The marker is initiated by an external push buttono It• 

duration is determined by timer T-1 and its amplitude by R-90 

3o2o2 Converter 

The converter section turns the DoCo voltage developed aoro11 

R-1 into amplitude modulated pulseso 

A small part of the tull-W11.ve rectified 6o ops line voltage 

appears across R-25 end is amplified by V-2Bo The output of V-2B 
"!Ii. 

triggers a univibrator producing constant amplitude square W11.Te1 

(Figure 14.a) at a 120 ppa rateo 1'1ese are fed to the grid of the upper 

converter tube V-2A. 'lhe signal from the bridge circuit is fed into 

the grid of tube V-3. which ii in series with the cathode of V-2Ao 

The detector signal determines the ourrent through both V=3 and V-~ 

and hence the gain of V-2A.o There.fore 9 the amplitude of 'lhe pulsH 

appearing across R-11 (Fig. l4b) are proportional to the signal from 

the bridgeo The pul1es acroes R-11 are transformer coupled to the 

comparator unito 

Batteries, B-2 and 3~ and resistors, R-12~ 13 and 14, fix the 

bias of V-3 so that the tube operates over a linear portion of its 

characteristic. A floating ground is used since the signal from the 

bridge is at a potential above ohasais ground. R-26 e.nd C=8 9 9 111d 

10 provide a filter trOll the floating ground bus to chassis groundo 
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3o2o3 Coaparator 

The oo:m.parator circuit changes the amplitude modulated pulee1 from 

the converter into a time-modulated pulse-traino 

The output pulses of the converter are traI111former coupled into 

the ooaparator unit, where they are amplified by V-lOo The pulsee out 

ot tb.i1 amplifier appear on the plate of the diecrilll.inator diode, V-llo 

The cathode potenti~l of this diode is varied linearly from a ainimua 

to a maximum voltage by R-37 who1e shaft ii motor driven at a rate ot 

l cpso The limits of this variable voltage are set by R-36 and R-380 

Only those pulses on the plate of V-llA larger in amplitude than the 

cathode potential pa1s through the diodeo Therefore 0 each second a 

train of pulses of decreaeing amplitude are produced (Figo 140)0 

These are fed to an amplifier (V-12) whioh driTes a univibrator 

(V-13), whose output is a constant amplitude pu!aeo 

R-38 is adjusted so that at zero signal on the bridge result• in 

the production of five pulses large enough to trigger the univibratoro 

With one volt on the bridge about 95 pul1es are producedo Since the 

input rate is 120 pul1es per second" no pulses are transmitted for at 

leaet one quarter of a second a A large sharp pulse is produced by 

the potentiometer aa the wiper lea-ves the winding on the high endp 

therefore capacitor C=l6 muat be kept small 10 that it will di1oharge mtbre 

the wiper again contacts tbe ltinding on the low end to beginning of the 

next cycleo C-18 acts as a by-pass for the residual spike and reduce• 

its amplitude to a level which will not affect the pulse discriminatorso 

The output of the uni~ibratorp Figure 14d. 11 a constant=amplitude 

time modulated pulse train~ whose length is proportional to the 
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ground level radiation intensity. It ia fed to a cathode follower 

(V-14) and then transformer coupled to the radio tranamitter. 

3.2.4 Power Suppl7 

Power tor the bridge and ooaparator units i1 developed in a 

power 1upply utilising a Sola conatant voltage tranatoraer with B 

plus VR 'b.lbe regulation. The conTerter unit. however. ba1 ita own 

power supply which 11 floated above obassis ground. using a standard 

tr&D1tonaer and VR tube regulation. '!he instrument i1 powered 110 volt. 

6o cpa through a tuaed plug. 

3.3 Jleobanical Description 

The telepulae coding unit consists ot tour 5• x 7" unit chassis 

connected together by ootal connectors. and mounted on a tra7 tor 

aechanical rigidity. The overall dimensions a.re 14-1/8" long by 

10-1/4" wide. by 7-3/4" high. The uaembly ti ta into a standard 

aircraft 1hock mounted rack. 

3.4 Junction Box 

'l'be junction box control• the radio communication equipment. .1 

switch on the side ot the box alloWB t4e operator to u1e the radio tor 

voice tranamiasion~ voice reception or telemetering trflJlamiasion. 

Jacka for connecting a microphone and earphone are provided on the. 

aaae 1ide ot the box aa the switch. 

The junction box ii 91" wide by 7" high by 3t" deep and a.lao 

1erve1 a.a an interconnecting point for the cables which join the units 

ot the s71tea. ! circuit diagram is shown in Figure 15. 

3.5 Operation 

l. illow the imtrument to 1"8.nl-up tor approximately f'i ve minutes. 
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2o With zero signal into the bridge bring the ground level 
recorder to zero bf adjusting R=~ (See Figo 16) 

306 Calibration 

The calibration of the telepulse coding unit should be done in 

the following orderi l) bridge 9 2) conTerter 6 3) comparatoro Figure 

16 shows the positions of the controlao 

3o6ol Bridges 

lo With zero input, the bridge ia balanced (R~3) to produce 

a zero reading on the recordero 

2o A negative one volt signal is applied to the input l.lld 

the sensitivity control (R=5) adjusted for full scale on 

the reoordero 

3o The marker push button is closed and the recorder 

brought to full scale by adjusting R-90 

4o The duration ot the marker is set by adjusting timer 

T~lo The minimum period should be five seoondlo 

30602 Converters 

lo With zero signal input~ the bia1 of V=3 is adjusted to 

=lo45 voltso The amplitude ot the conTerter output 

pulseap appearing aoro~e R=l0 0 should be approximately 

16 voltla 

2o With la4 volts applied to the input of V=3 0 the amplitude 

of the pulses aoro11 R=lO should be approximately 30 volt10 

30603 Comparator~ 

lo Resistor R=45 in the compa~ator unit is adjusted so 

that the univibrator (V~l3) is triggered reliably by 

ten volt input pulse10 
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2o Connect the output of the telepuise information unit 

to a ~oalel!"o 

3o Place Oo20 Tolt on the input of the bridge (This should 

drive the recorder to Oo20 ma)• and adjust R=38 until the 

scaler indicate~ an ave~age count of 23 cp•o 

4o Inoreaae the bridge input voltage to Oo80 voltso (the 

recorder should indicate at Oo80 ma) v and adjust R ... 36 

until the scaler indicates an average count of 77 cpsa 

5o Since the voltage drops across R=36 or R=38 are inter-

dependentn steps 3 a.nd 4 muet be repeated until the 

aoaler finally indicate' the proper count for each ot 

the input voltage• after all adju1tment1 are omapletedo 

60 A linearity check i1 then made by introducing signal• 

from. zeiro to one volt on the bridge circui to The scaler 

oount for zero input should be approximately five ope 9 

and for one volt input 95 opso For int~rmediate points 

the proper count can be deteTllll.ned byg 

c ,,; 90 v. '.' i;; ... ~ 

·~ounta per second 

V, 0 i:npu·t; i::;o b::":i.dg~ in vol tao 

If the~e la a calibrated T~lgpulae Re~~lv~ng St&tlon aT&.ilable 9 

an al tern.ate mei:;hod of <>alib:rating the ,;cding sta-c.ton iw g 

Connect the telepulse coding :;tat:&.on d1;:-e~t.Ji.y 1;o the calibrated 

telepulse receiving station, A v~ltag~ 1s placed on the input of the 

bridge which dri vea ths !"ecor der t0 On20 mao .'{~38 vf the compat'ator 

unit ia adjuet3d unti~ the :ece1ving ,ta~1on :eoorder reads Oo20 m&o 
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'Dia. a signal producing an o.80 •& detltotlon oD th• oocU.ng r-'order 

i• iJltroduoed 111d i-36 ad.juete4 W1t11 the r•o•iTilac reoorcler reada 

o.eo -· 'lh• •ignal produoing 0.20 - ii 1.D.jected. agaiJl ud. i-38 

reaclju•"ed to bring ta• r•o•i 'l'iJac 1U.tioa to the .20 ma readlll.go 

'?ha •• o.80 ligual ii iDj•oted. u4 L36 adjueted. to bri:ag th• 

reoei'ri.n& reoorcler to th• proper l-..1. 'Dli1 proo••• i• repeated. 

UJLtil th• Reoei'Ying Station recorder indicate• the correct readii:ag when 

th• nltac•• ar• alternated. A lineari-t; tAeolc 11 then mad• b7· 

iDtroduci.Dg 1ignal1 ot T&rioua aaplitucl•• troa O to l "YOlt on the 

bridge oirouit. '!'he oocliDg and receiTing 1ta1:d.on reoorder1 1aoul4 

agrH withi.Jl 5% ot tull eoale. 

4. T&IPUI.81 UCIIVIIG S TJ.f.[CJI 

4.1 Gta.eral Description 

'?he ReceiTing Station telepul1e unit (Fig. 17) deoode1 th• 

intor11&tion traneaitted trom tbl airoratt and records a signal, 

proportional to the radiatio• iDten1itJ at ground leTel on a 1trip 

• ob.art recorder. 'ftie nuaber <it pul1e1 in eaoh pulae train tran111itted 

froa ~· remote 1tatioD are •o'Ultecl ad ooDftrted to a signal suitable 

tor dri'YiJI& ta• recorder. The UDit operate• on 110 Tolt 6o oycle 

power. 

leTeral 1ectione ot tll• telepul10 rooei'Ying 1tat10D circuit 

(Fig. 18) are used in a telephone t•l .. etoring,1yltem, which obtain• 

data troa fixed ground-moni tori:ag 1tatio111. ThHe wi 11 be deecribed 

t1r1t to 1oparate them troa the circuit operation in the aerial 
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'!he lock-on oircuit 9 coll8i1ting ot oscillator (V-17)g amplifier 

(T-16) 11 the push but'tz>n switch (s- ) 9 and rela7 (I-4) ii \18ed onl7 

with tbl telephone telQetering a79tem.o When a remote ground 

monitoring station 1a called9 a timer holda the line tor two mi:nuteao 

It telemetering tor a longer period is required9 the look-on button 1• 

puahed wb.ioh placea the 2400 ops tone generated by tho oscillator 

(V-17) on the telephone lineo This line actuates a l~tohing relay 

at the monitoring atation which will hold tho line until the ReoeiTing 

Station relea1e switch ia pressedo 

The 2400 cps tone 9 its third harmonic (7200 cps) and 6o ope which 

11 otten picked up on telephone lines are attenuated by tilter• F-1,2 

and 3 re1peotiTel70 'l'h• tilter• preTe11.t th••• 1ignala troa attecting 

the ReceiTing Station cirouit1a The tilter circuita remain in the 

circuit tor all types of operation although they are only neceaaaJ7 

when using telephone lines and lock=on system.a The circuit t~oa 

thia point on, 11 comion to both aerial and ground telemeteringo 

Pulses from the radio receiver are amplified and shaped by V-1 11 

V~2 and tlaeir a11ociated cirouitryD actuating Schmitt T!=igger 9 V~3o 

For each input pulse {Figo l9a) thia stage delivers a uniform. sized 

positive pulae9 (Figo l9b)o This ia fed through a cathode follower 

V-4B into a diode ooupled (V-5B) 1t•p=charger9 conaiating ot 

capacitors C=51 and C=52o While one ot these capaoitor1 is being 

charged by the pulaee f'rom the Schmitt triggern the voltage ot th• 

otherg developed by tlw previo\18 pul1e trainv is read by a VTVll bridge 

(V-11 and V-12) whoee output drives the strip chart reoordero lither 

tbree decade recorder chart paper ~an be uaed to read the intensity 

= 41 = 



I 

A SCHMITT 

lWu\t~lll~~ JJJJJJ\l II 1 
IN~l.JT 

I 
l 

' 
I 

B :~b'~: llJUUlilllf ~~ r-JUl• V·38 

I I 

I c I 

I SCHMITT 
#2 

PLATE I Y·6A -
) 

I 
0 SCHMITT I 

~z I 
PLATE I 

V·68 ---
I 
' 

J 

E - I 
f31 NA.R"< 
PLATE: ){ I 
V· 9A 

J ) I 

I 
F BINARY I PLAT[ 

V· 9 5 ( I 
I 

I G 

! 

5CH.V. ITT 
ft) 

I PL/\T[ 

v- •CA L I 
1 SEC -1 I 

! 

Figure 19--Circuit Wave Forms Central Station 

•A&..•All&MC'' Ne. IMM fll&aM.,M.T. e .................... - '12 -

~ 
~ 
-0 z 

ci 
3: 
0 -



directly or the calibration curves given in Fig. 5 may be used to 

determine the intensity. 

In orier to alternate the capacitors in t!J.e cba.rge and read 

positions, t~ positive pulses from t!le Scbmitt trigger are also fed 

into integrating circuit, C-30 and R-32. The voltage developed across 

the integrating circuit causes t!le cathode potential of a cathode 

follower, V-4A, to rise, thus triggering the second Schmitt trigger, 

V-6. To prevent spurious pulses from actuating, V-6, R-32 is adjusted 

so that the integrating circuit will accept 5 pulses before the 

potential rises l'..igh enougb. to fire the Scbmitt. 

When the second Sc..'un.itt (V-6) is triggered, a negative pulse is 

produced at the plate of V-6A (Fig. 19c) which is applied to the third 

Schmitt trigger (V-lC), and a positive pulse at the plate of V-6B 

(Fig. 19d) which is app:ied to a binary stage (V-9), the polarity of 

the pulses is such that these circuits are not affected. However, when 

the train of pulses stops, the ca~hode potential of V-4A drops the 

Schmitt trigger returns to its normal state producing a positive pulse 

on the plate of' V-6A and a negative pulse on V-6B. 

The negative pulse from V-6B triggers the binary stage (V-9). 

The relay K-2 in t~e plate circuit of V-9A is actuated or released, 

depending upon t~e previous condition. of the binary, raversing the 

position of the stap charger capacitors. The plate vo~tage variations 

are shown in Figures 19e and 19f. The positive pulse from V-6A fires 

the thi.rd Schmitt trigger (V-10), Figure l9g, actuating a relay (K-1) 

which discharges t~e capacitor just switched from the read to charge 

position, thus prepari~g it for clia.rging by the next train of pulses. 
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A two microfarad capacitor c-46, is placed across the discharging relay 

K-1 delaying actuation until the switching relay bas transferred 

the step charging capacitorsn Since the maxim.um. pulse train duration 

is 3/4 of a second, 1/4 of a second is allowed for switching a.:id 

discharging of the capacitoro 

To buck out the voltage developed across the step charger 

capacitors by the initial five pulses required for actuating the 

switching circuit, the capacitors are discharged to a small negative 

bias. The negative bias supply providing this voltage is also used to 

bias the diode(V-5C), which serves as a discharge path for coupling 

capacitor C-53. 

The output bridge (V-11 and V-12) is a D.C. vacuum tube voltmeter 

capable of driving from 1 to 10 strip chart recorders should 

duplicate copies of the survey be desired. The recorder line card is 

plugged into J- so tbat the cha.rt drive will run only when the read 

circuit is actuatedn An oscilloscope is mounted on the fron~ panel, 

displaying a port1on of the input pulse train. A gain control (R-3) 

permits adjustment of the signal to an operating level which will 

reliably trigger the first Schmitt circuit. 

Power Supp3=l - The B plus supply is electronically regulated 

because of the wide variatio~s in current required by the Schmitt 

triggers. All critical stages are decoupled to eliminate spurious 

counts. 

4.3 Operation 

The operational controls for the Telepulse Receiving Station are 

the bridge zero adjustment, the read and release push button switches, 
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and the gain control. The lock-on control is only used for telephone 

telemetry. The horizontal and vertical position and intensity oontrol• 

for the oscilloscope are located on the scope mounting plate. All 

of these controls are on the front panel. (Fig. 17) 

Procedure 

1. Connect cables from the 110 volt 6o cps line, recorder 

and radio. 

2. Turn line switch on and press the release button • 

.3. After f1 ve minutes warm-up, bring the recorder to zero 

by adjusting the zero set control (R-67). The zero 

test button is pressed to check the zero ot ~ 

recorder when telemetering rather the.n the releaae 

·switch, since it does not af'fect the counting and 

switching circuits. Therefore, the recorder will rise 

to the proper reading immediately after tm release 

of the button. 

4. Commence telemetering by pressing the read button and 

adjusting the leTel (gain) control (R-.3) until the height 

of the pulses as observed on the oscilloscope is approx­

imately 2/.3 the height of the scope face. The switching 

relays will be heard if the circuit is operating properl7. 

Note: When the telemeter radio channel is used for voice communication, 

the release button should be pressed, otherwise the central station 

will be ac~uated by the voice signal resulting in erratic fluctuations 

or th• re40rder. 
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4.4 Calibration 

The first part of this section coTers th• preliminary circuit 

adjustments used for setti~p a newr unit or atter major servicing, 

and the second part de1crib•• th• calibration procedure which should 

be followed to check the inatrumenta operation before a surT8y. 

Figure 20 show• the location of the controls. 

4.4.l Preliminary Adju1tment1 

l. B supply - Adjust R-80 to obtain a B plus of 250 volt1. 

2. Filter circuit adjuatment1. 

a. Introduce a 2400 ops signal to the input (pin 6 ot J-1). 

Capacitors C-6 and C-8 a.re adjusted to produce maximum 

attenuation to the 240<> op1 signal as measured at the 

grid of V-lA. (Set the gain control (R-3) above minimum. 

A conTeniant way of obt&ini~ a 2400 cps lignal ii to 

connect pins 5 and 6 of J-1 together, and then pressing 

the lock-on button. 

b. Place a 7200 cp1 signal on the input and adju1t R-10 

and R-13 until maximum attenuation i1 reached (meaaure 

at the grid ot V-2A). 

c. Introduce a 60 ops signal and adjust R-15 and R-16 to 

produce maximum attenuation aa measured on the grid ot 

V-2A.. 

3. Connect the output ot a Telepulse Receiving Station to the 

T9lepulae Central Station input through a 100 to l attenuator. 

4. Fir1t Sclmntt t~igge~ (V·~) semiitivity - Adjust the front 

panel control (R-3) ~ntil pulse1 ot 10 volts amplitude appear 
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at the input (Grid ot V-3A) of the f'1rst Sobmitt Trigger. Then adjuat 

R-23 unt1l the Scbmitt circuit just triggers. 

5• Second Schmitt Trigger (V-6) - With five pulaea per train 

trom the information unit, ad.just R-33 so that the second 

Schmitt trigger• on the titth pulse from the t1rs1t Schmitt. 

6. Third Scbmitt trigger (V-10) sensitivity - R-48 gives a range 

ot control from a point where the Schmitt cannot be fired to 

where the Schmitt tires more than once per period. R-48 

should be adjusted to a point midway between these extreaea 

to ineure reliable operation of the grounding relay, K-1. 

4.4.2 Calibration Procedure 

1. Preas the releiue button and zero the recorder with the 1ero 

"SE'!'" control. 

2. Set the arm of R-76 to zero volts. (Thie control is moUDted 

on the rear of the chassis). 

;. Feed a signal ot 90 pulses per train (from the information 

station) to the input of the ReceiTing Station, and bring tile 

recorder to full scale by adjusting R-64. 

4. Reduce the number ot pulses per train to five, and adjust 

R-76 until the recorder reads zero. Thia adjustment buoke 

out the potential developed across the integrating capacitor• 

by the ini tia.l f1 v• pulae1. 

5. Several check points over the tull range should be taken 

by introducing appropriate signals from the inf'ormaticn unit. 
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5e APPLICATION 

Sol Fallout; Studies 

The HASL Aerial Survey System has been used successfully on 

Operation Wigwatno However, the data is classified and is not in­

cluded here .. 

Field tests were conducted at the U .. So Atomic Energy Commissionti 

Nevada Test Site during Operation Teapot 11 Figure 21 shows the air­

craft installation at the operator's position used during these 

tests. In front of the operator's seat are the control box and the 

recorder, which indicates aircra~ radiation intensitieso . The junc­

tion box is motmted on the left side of the operatoro The recorderti 

which indicates grotmd level intensities, was mounted on the right 

side of the aircraft facing the operataro The Telepulse Coding 

Station is behind the control bax and the radio equipment is in a 

rack behind the operator's seat. The "Top Hat'' detector was momited 

in the tail section of the aircraft, Figure 22 1 where it is most 

distant from radioactive instrument di.a.ls and '•sees'• only the thin 

skin of the aircraft between it and the r;round. 

Data obtained over Yucca Flat when flying south~ parallel to 

the main access road, is shown in Figure 23e This data is typical 

of that which would be expected from a series of localized con­

taminated areas. The plane flew at an altitude of 500 feet and 

telemetared the data to a Central Station located at the Control 

Point (south) end of the Flat, and the cha.rt shown was taken from 

the Central Station recordero 

Ylhile the basic aerial survey technique as developed by this 

Laboratory has applications to raw materials explorationti civil 
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Figure _:_1--Picture of AD5-N Operator's Position 
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Figure 22--Picture of Top Hat Location 
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defense and other nuclear problems 0 it has also been utilized during 

nuclear weapons tests and the information obtained is in the classi= 

fied categoryo With those readers who have access to this materiali> 

the attached list of reports contains these field applications and 

performance results o 

The application of the aerial survey technique developed by 

this te.boratory during nuclear weapons tests is given in the folm 

lowing reports o 

10 NY00-4606 = Performance of HA.SL Instrumentation During 
Castle (SecretD RD) 

2o NY00-4618 = Radioactive Debris from Operation Castle­
Aerial Survey of O~en Sea Following Yankee­
Nectar (SecretD RD) 

3., I'lR-1185 - Operation Teapot CETG 30o3 Preliminary Report 
(ConfidentialD RD - 1mtil reviewed for 
c l.assification) 

These reports include data from which the altitude compensation 

technique was derived 0 but due to classification they are available 

to authorized personnel onlyo 
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