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Frontispiece. An aerial fisheye photograph taken
over the Hazard Glacier. These photographs
provide . flight 1line control. The surface
drainage feature seen in this photograph is
visible on a government aerial photograph taken
at 15,000 m elevation. The location of this
photograph is marked by an asterisk on Figure
A2.2.
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ABSTRACT -
& high-resolution radio echo sounder operating at a

frequency of 840 MHz has been developed for sounding of small
and medium-sized polar glaciers and ice caps. The sounder uses a
compact, high-gain antenna which improves the systen
performance, suppresses valley wall echoes and simplifies
operation from light aircraft. Successful field trials were
carried out on the Rusty, Trapridgé and Hazard Glaciers, Yukon
Territory, éanada. | - | |

Results of airborne’ surveys compare well with ice depths
obtained from earlier ground-based soundings on the Rusty and
Trapridge.Glaciers._Thé,maximum ice thickness encountered was
200 m on Hazard Glacier. Owing to the high operating frequency,
random scattering from inhomogeneities within the ice is a major
cause of signél degradation. Fof this reason the sounder cannot
penetrate great thicknesses of tempefate or debris-rich ice.
Spatial averaging, an immediate result of operating from a
moving platfornm, reduces the effects of back-scattered
"clutter. "

Results of gfound-based tests on the Hazard Glacier yield a
value for ftand = 0.26 at -50C, in agreement with predicted
values. The total received power and the echo details have both
been found to be very sensitive to small (<10 cm) changes in
antennae position. Large fluctuations in power, caused by
roughness at or near the ice/air surface, prevented using single
coverage data to detect birefringence in glacier ice.

The results also indicate tyat the standard photographic

records should be replaced by a recording medium capable of



storing more precise and accessible data. A storage medium such
as magnetic tape should not degrade the radar data, and would at

the same time relieve a data processing burden. .
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CHAPTER 1: INTRODUCTION

This thesis is concerned with the development of Ultra High
Frequency (UHF) radars for the purpose of echo sounding poiar
ice masses. The work reported here includesvtﬂé 'deveiobmeﬁt at
U.B.C. of an 840 MHz radio echo sounder and‘the results of field
tests made during the 1976 field seéson.

This chapter includes a brief background to UHF echo
sounding as well as a description of the project development and
the field work. Chapter 2 describes the radar developed at
U.B.C. as well as the procedures and results of airborne tests.
Appendix 1 is a complete technical description of the systen..
Chapter 3 with Appendix 3 describes the results of attampts to
use the sounder to study glacier ice fabric and intraglacial
structures. Chapter 4 summarizes the results and considers how
to improve future experiments.

This research vas motivated primarily by the desire to
develop a radio echo sounder optimized for ice depths typically
expected in the Canadian Arctic. Of particular interest were the
cold valley glaciers of the northern St. Elias lNountains, and
the ice caps of the Arctic Archipelago, although our field work
did not include the 1latter area. Valley glaciers have
sufficiently different flow <characteristics from the more
commonly studied ice caps, that we also wished to develop a
technique. for monitoring their physical properties. Features of
interest included .glacial properties such as bedrock roughness,
and the distributions of scattering objects, layers and conduit
systems (Clough, 1977; Harrison, 1973; Smith and  Evans, 1972).

Ice fabric properties included possible strain alignment of



optical axes and stress induced optical (R.F.) anisotropy
(Campbell, and Orange, 1974; Johari, and Jones, 1975).

A high resolution UHF radar offered both an ice depth
measurement capability for Arctic glaciers as well as a
potential sensitivity to physical properties of glaciers. A
wavelength in air of about 30 cm would make possible the use of
high gain aperture antennae as well as simplifying the execution
of most surface experiments. A wavelength in ice of about 20 cm
would make a radar sensitive to effects caused by - smaller
variations in bedrock roughness, intraglacial structures, and
crystallographic properties than those variations detectable at
longer wavelengths.

Although -instrumentation design and development were the
mrost time-consuming parts -of this research, the. motivation was
primarily glaciological. For this reason the detailed systen
description and operating manual are relegated to the appendix.
The results presented here demonstrate the usefulness of UHF

radio echo sounders for the study of glaciers.

1. 1 BACKGROUND

The behaviour of UHf (300 MHz-3 GHZz) eleCfromagnetic waves
in large ice masses aﬁdlthe utility of UHF radio echo sounding
hévé feéeived relatively 1little investigation compared with
radio echo sounding in the lowef VHF (30-300 MNHz) band. Greater
dielectfic losses and highervsusceptibility to scattering have
limited the usefulness of UHF sounders on large polar ice
sheets, the first regions of extensive radio echo 'sounding.

Waite (1966), using an SCR-718 440 NHz aircraft altimeter in



northwest Greenland, reported loss of signal at depths exceeding
400 m. VHF sounders have. no difficulty sounding ice many times
this thickness. On small and medium-sized valley glaciers,
valley-wall reflections and aircraft manosuvrability, rather
than ice- penetration depth, are the main consideratigns; thus
the small size and directivity of UHF antennae become
attractive.

In 1970 on Roslin Gletscher, Davis and others (1973) used. a
UHF sounder to measure ice thicknesses in a cold valley glacier.
Man-hauling a modified SCR 718 radio altimeter they were able to
measure ice thicknesses up to 400 m; all previous soundings
using the SCR 718 had been made on polar ice caps. They reported
that scattered returns at many locations often . made
identification of a distinct bottom echo difficult (Smith and
Evans, 1972).

The first UHF radar designed - strictly as an ice depth
sounder was a 620 MNHz instrument built for the Department of the
Environment of Canada. (DOEC) by Goodman (1975). Results of man~
hauled surveys of the Rusty and Trapridge Glaciers demonstrated
that the‘ DOEC system was capable of finer resolution than
existing VHF systems, and that valley wall echoes and rapidly
varying bedrock topography did not seriously affect the
sounder's performance. As with the SCR 718, internal scatterers
could héve made the. identification of a distinct bottom echo
ambiguous.

sondergaard and Skou (1976) using a 6 Kw, 300 MHz radar
have reported sone succeéses with airborne sounding of the

Greenland Ice Cap, however as an ice depth measurement tool it



lacks the penetration of their 60 lHHz systen.
Bogorodskii has operated a 700 WMHz system with a range

limit of about 300 m (Bentley, 1979).

1. 2 PROGRAM DEVELOPMENT

In 1973 we began development of a radio echo sounder for
use in northern Canada. The need to operate on small glaciers
dictated the sounder's properties. We chose 840 MHz in the ultra
high frequency (UHF) band as the centre frequency for several
reasons. Although dielectric losses and random scattering
increase with frequency, a high-gain.antenna can offset much of
the loss; the small size of an UHF antenna simplifies airborne
operation. Most Canadian polar ice masses are expected to be
within the maximum range of an UHF sounder (Narod, unpublished)-.

The system development took place at U.B.C. We completed
the system specifications in 1974, and completed the first
working version of the sounder .in the spring of 1975. The
receiver, antennae, power supply, intercon and camera
intervalometer were all designed at U.B.C.. The transmitter
‘design and fabrication were completed by Microwave Control Co.,
New Jersey, U.S.A.

We proposed several experiments, each designed to test the
capability and limitations .of the new sounder. By working with
two antennae on a glacier  surface we hoped to detect
birefringence in the glacier  ice. We felt that the short
wavelength (20 cm in ice) would facilitate this test because the
relatively small antennae (1.5 m) would be easily manipulated.

Using a single antenna we proposed to operate the systen



from light aircraft. These flight tests would measure the
éouhder's‘ability to penetrate both polar and temperate ice. Two
other aspects of these tests would be the determination of the
interfering effects of valley walls, and thé problenms asséciated
with opérating.aerial sﬁrveys in small )valleys and in other
areas where very precise £flight 1line control is necessary.
Photogréphic data records were to bé used for all tests.

The first field trial took place in May, 1975 on the
Athabasca Glacier, Alberta, Canada. The test was terminated
early as a result of a failure of the transmitter high voltage
supply, but not before wev observed a very high 1level of
returning scattered power.

Further preliminary field trials took place during June and
July, in the St. Elias Mountains, Yukon Tefritory,' Canada.
Results of tests carried out on the surface of the Rusty Glacier
prompted modifications to the antennae and to the traﬂsmitter
trigger circuit. Airborne tests were carried out from a Hughes
500 helicopter; These resulted in modifications to the video
amplifier. The 1975 flight tests were made without flight 'line
cohtrol;

A final flight <check, prior to the 1976 field work, took
place in early August, in the Vancouver, Canada area. Operating
from a Cessna 180 aircraft a successful systems check was
performed with the modified radar, a new intercom and a flight
line camera. The test was simply a.hardware check, and although
the flight included passes over several temperate glaciers no

internal echoes vere detected.



1.3 FIELD WORK

In August 1976 we tested the sounder on glaciers in the St.
Elias Mountains, Yukon Territory, Canada. The field work took
two forms, airborne sounding, apd giacier physics experiments.

The airborne experiments took place primarily on three
glaciers in the Steele Creek basin. Extensive glaciological work
had previously been done on two of these glaciers, the Rusiy and
Trapridge, so the thermal regime and ice depth were known at a
number of sitesé a network of survey markers provided ground
control points; To get similar information ahouf Hazard Glacier
Wwe set up a field camp -and carried out a levelling. survey,
grbund-based experiﬁents with the radar, hot-water drilliang and
ice temperafure measurements. Later in August, using a Bell 206
helicopter, we did the aerial surveys of these: glaciers.

The glacier physics.experiments'tdok place at our éamp on
the Hazard Glacier at drill site #1 (Appendix 2). These
expeiiments involved rotatinq a receiver antenna about a
ver£ical axis for one of“-two ortﬁogonal transmitter antenna
orientaiion;. ihese ‘experiments wefe designed to recovér the
ellipses of bqlarizaton of reflections from scattering objects
and from' the bedrock. The ellipses would provide information
ébout anisotropy within‘the ice and abéut depolafization due to
scattering (Beckmann and Spizzichino, 1963).

It is worth noting here that the instant photography used
for data recording would not allow for any analysis in the
field,' énd ﬁence thé quality of the data gathered from the

Hazard‘Glacier surféce could not be effectively judged there.



on the other hand, the instant photografhy was very
successful at indicating dat& éuality during the airborne.tésts.
Thefe ~the tésk maini& éequiréd the’détection of a bedrock echo,
a far simplér task than'analysing an entire waveform;.IOSéald
(1975) has also comménted on the difficulty with which he used
phofographic records for statisfical analysésb

Thé motivation for using frame-'by 'frame phofogrépﬁy waé
two-fold. - Photography is an easily acquired technique for
recording broadband data both coatinuously and instantaneously.
Also, other ihvestigators have had a long history of using
photographic recording (Robin, 1975; Gudmandsen and others,

1976) . We were guided to some extent by their experience.



The University of British Columbia (UBC) radio echo
sounder, which is similar in coancept to the DOEC system, has
been specifically designed to sound the smaller polar glaciers
and ice caps found in northern Canada (Narod, unpublished). Its
centre  frequeacy is 840 MHz, bandwidth 40 MHz and systen
performance is 124 dB. The 35% increase in frequency over that
of the DOEC system brings increased susceptibility to intermnal
scattering and higher dielectric losses, but these drawbacks are
offset by the high gain and small size of the antenna and the
ease with which the entire system is made . airborne. Surface
echcgrams demonstrate that scattering returns vary greatly ‘with
ninute changes in antenna position (Bailey and others, 1964). By
moving the antenna while continuously recording, (Fig. . 2. 1) the
relatively conétant'bottom echo can be identified among the
highly . variable . .scattering-  returns. When airborne, the
scattering returns vary too rapidly to-.be visible -om an
oscilloscope phosphor.

o

2.1 INSTRUMENTATION

The. UBC écho sounder comérises a tfansmitter, feceivef,
circulator, anténna and oscilloscopé display.i Table 2.1 1lists
relevant systenm parameiers; complete system details are inciuded
in Appendix 1. The systen performance of the radar trénsceiver
(transmitter, receiver and circulator) is 124 dB. Adding the
two-way antenné gain of 31 dB, the effective system ﬁerformance

is 155 dB. Both the. transmitter and receiver are internally



Figure 2.1 A Continuous Echogram From Hazard Glacier surface

A continuous echogram taken on the surface, near drill site
1 on Hazard Glacier, showing significant scattered power
returning both before and after the dominant bottom echo. This
record was made by rotatimg the antenna 3600 around a vertical
axis. The bit code at the 1left is a system-generated data
identifier (see Appendix 1.3).

protected against abnormal power surges caused by cable

failures. A 120 MHz signal from a crystal oscillator is



Table 2.1 -System Descrlgtlon And Parameters

Transmitter:; Gated dual microwave cavity triode amplifier.

Receiver:

Frequency is set

Power

by crystal.

4.1 Kw peak rms (+66 dBm)

Pulse length & rate 50 ns at 10 KHz

Rise time 18 ns

Fall time 28 ns

Thin film solid state hybrid. Logarithmic
response.

Bandwidth 40 MHz

Intermediate frequency 120 MHz

Dynamic range 80 4B

Sensitivity -70 4dBm

System losses 12 4B

(including I.F. conversion loss)

T/R Switch:

Isolation
1 dB Bandwidth

Passive circulator
25 4B
>40 MHz

Antenna: Two dipole colineaf array with a third parasitic
element and a 900 corner reflector.

General:

multiplied

1 dB Bandwidth
VSWR

Forward gain
Depth

Width

Length

Weight

Total system weight
Power required

>40 MHz

1. 14

15.5 dB + 1 dB
0.30 m

0.59 m

1.18 m

9 Kg

50 Kg
28V @ 10A

Estimated maximum range in cold ice 650 m

to 720 MHz and

840 MHz

to provide the

oscillator and carrier frequencies respectively. The carrier

then

circulator is a

system to

protected by a solid-state limiter. The signal is

amplified,

gated and

operate with a single antenna. The receiver input is

isolated

three-port ferrite

at the U4 Kw level.

device which allows

converted

local
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the .120 MHZ intermediate . frequency. and Ifiltered. The
I.F. amplifier-detector has a logérithmic respénse
characteristic with a useful dynamic range of 80 dB.

The antenna is a .900 corner reflector with two driven
dipole eleﬁents. Its measured forwérd gain is 15.5+1.0 dB. Thé
éstimated E4plane and H;blane half péwer beamwidths are 189 and
440 respectively. The antenna is co&pact enough to be attachedA
to the cafgo hook of any helicoptér with high skid gear. On our
August 1976 flights we outrigged the antenna from the
helicopter, in an experimental installation»(Fig.ﬂ2.2).,

The video output from the receiver modulates the phosphor
intensity of a Tektronik'médel_#75'oscilloscope. A glow ramé 6n
the vertical input scans the trace through’ the full screen
height in one minute; The operator manually controls._the
vertical scan and .a Polaroid-backed oscilloscobe camera records
the data. This results in approximately 20% dead time. (We
reconmend that in future the photographic recording system Dbe
replaced by a mégnetic recorder or graphic recorder and.are, in

fact, developing such a system.)

T

2.2 SURVEY PROCEDURE

As well as- the arrival time of the bed echo, useful
sounding data require knowledge of aircraft position and ground

clearance. The UBC sounder, when used as 1its own radio

Ooverleaf: Fiqgure 2.2. The UBC radio echo sounder antenna
installed on a Bell 206 helicopter.
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altimeter, receives a strong echo from the ice surface. It is
necessary, however, to f£1ly at»least 40 m above.the ice surface
in order to separate the transmitted pulse from the first
received pulse. The small dynamic range of the phosphor and film
cause this limitation. An improved recording system could reduce
the minimum required elevation to less than 25 m above the ice
surface. Alternately, flying as close to the surface as
possible, the pilot can use visual references (survey markers,
etc.) to control his elevation and maintain a constant clearance
above the icé surface. The.édvantage of the latter procedure is
a greater signal-to-noise ratio (Suithinbank; 1968) « Its
disadvantages are several: reduced air speed, reduced accuracy
- (the pilo; canﬁbt maintain a perfectly constant height above the
surface; we have estimated our low level height at 6+2 m) and
poor flight—line photégraphy-?not ﬁo mention discomfort due to
air sickness and increased risk éf crashing. Data for Rusty
Glacier were collected from high elevation (Figé. 2.3 and 2.4);
data from the Trapridge Glaéier were collected from both high
and loﬁ elevations; data from the Hazard Glacier wéré collected
only at low elevation.

For flight liné recorﬁs wé used a combination of dead
réckoning and éerial photographf. A tape recording 'of the
aircraft intefcom was -verbally synchronized with the ‘data
collectién. ﬁavigation information included éo&pasé headings,
airspeeﬁs, and Qisuai reférences. 'Aerial bhotography with a
210°—coverage. fisheye 1lens was also synchronized ;ith the data

collection. Our intention was to take photographs every 10 s,

which, when' compared to large-scale photographs, would provide
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locations and  headings (frontispiece). . Unfortunately
photographic flight control was incomplete due to erratic
behaviour of the motor-driven Nikon camera caused by aircraft
vibrations (the camera has now been replaced by a 70 mm Vinten

aerial reconnaissance camera)e. .

2.2.1 FLIGHT LINE ANALYSIS

Verbal references to airspeed and aircraft heading are
recoverable with a timing accuracy of several seconds. Since
these values change relatively slowly, more .precise timing is
not needed. References.to visual cues such as stakes located in
the. glacier can be referenced to the data with an accuracy of
about 1 second. With typical airspeeds of 40-60 Km hr-? _(10-
15 m s—!) on the Hazard Glacier and Rusty Glacier and less on
the Trapridge Glacier along-path plan accuracy can be kept to
less than 50 n.

Across-path dead reckoning tolerances are determined by the

- - - — - - - A" - . Y W W W W P VR P R M Wy AR W S S e e e S S8 SRS S =

Overleaf; Figure 2.3. The flight path of the profile reproduced
in Figure 2.4. The region shown is at 61015'N, 140020'W.

Second overleaf: Figure 2.4. Cross-section of the Rusty Glacier
showing photographically-recorded data. The small circles at the
ice surface represent the centre line survey stakes. The larger
circles at the bedrock boundary indicate the ice depths measured
with the DOEC system (Clarke and Goodman, 1975). Vertical
exaggeration is 4:1. The data records showv clear separation of
the transmitted pulse, ice surface reflection and ice bottonm
reflection, even over ice as thin as 30 m. The dark vertical
bars are synchronizing marks with the 35 mmn camera or with
verbal cues recorded on the flight recorder. The vertical scale
is 500 ns division—!. Data for the cross-section were compiled
from two passes of identical plan and overlapping profile (one
not shown).
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accuracy of compass and .visual cue references. Headings were
referfed from the: aircraft magnetic compass. We found an
apparent systematic discrepancy»of 120 between observed headings
and headings plotted on aerial photographs using all available
information. This differéﬁce can.be accounted for by comsidering
seieral possible sources of error (Table 2.2). Values for
aircraft deviation were provided by the chartering airline.
Magnetized materials in'the radib echo sounder (isolator and
circulator) introduce deviation. Rosette error refers to our
inability to match our ground survéy coordinate system to
" parallax-affected 1large scale aerial photos. Cartesian error
refers to our inability to orient the aerial photo with —respect
to published maps of the area. Distortion error refers to
nonlinearities introduced by photographic enlargement optics.
However, the accepted flight 1lines are well tied to visual
references. Across path plan accuracy from dead reckoning  has
been estimated at better than 50 n.

The best quality flight line control came . from the fisheye
flight line photography. These photographs provided tie points
accurate to about 10 m (the drainage feature in the frontispiece
is approximately 10 m across).

We havé estimatéd our overall plan accuracy at better than

50 m for accepted data.

2.3 RESULTS

The profile of the Rusty Glacier presented in Figures 2.3
and 2.4, except for crossing the terminus of the Backe Glacier

at the lower end, follows the centre line of survey markers down
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Table 2.2 Compass Errors-.
Typical Maximum

'To Be Ekplained: o S . 120

Aircraft Deviation 20 50
Introduced Deviation* 50
Rosette Error : 30

Cartesian Error 4o
Distortion Error ' : 10
Reading Error 50

* Tests for this value were performed in Vancouver, Canada.
The survey area was much further north, possibly within the area
of compass unreliability. The actual value thus may be larger.

the glacier. The profile is in excellent agreement with an
earlier survey made by man-hauling the DOEC system (Clarke and
Goodman, 1975). For ready comparison with this work we have
taken 176 m us—1 as the. velocity of electromagnetic waves in
ice. At the ten locations where direct comparison 1is possible
seven of the measured ice depths agree within the resolution of
the system. The remaining three discrepancies, all less than
10 m, have been attributed to a deviation of the flight path
near the headwall, or to. difficulties of interpretation of
ground survey data. It is also possible that the airborne systen
could yield data implying shallower ice, since .it illuminates a
larger area of the bedrock.

The Rusty Glacier profile demonstrates several features of

the echo sounder. Resolution (about 4 m or one-tenth of a
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graticule division) is currently 1limited by the photographic
recording scheme. The averaging effect of the photographic film
suppresses scattering returns since each grain is exposed by the
accunulated output of over 1000 transmitter pulses.

Data for the ice thickness map of Trapridge Glacier (Fig.
2.5) were compiled from three of the four flights made during
the two days, resulting ‘in more extensive coverage than on the
Rusty Glacier. The Trapridge Glacier also has an array of survey
markers useful during the flights as visual navigation aids.
Again, where it is possible to compare the airborne ice
thickness measurements with those made from the surface with the
DOEC system (Goodman and others, 1975), agreement is very good,
within the resolution limit of the present airborne systen.

There are a number of features in the new ice thickness map
that were not indicated by the ground survey data. A shallow rib
extends from +the northern edge, about half way up the glacier,
across the glacier tovards an icefall. Thié zone of shaliow ice
may split the glacier into two separate dynamic zones. The major
rock ridge which splits the terminus extends under thé ice about
one-third of +the -way up the glacier. A basin of ice has been
found between the  tvwo réck spurs near the centre of the

headwall. The new features are consistent with the ground survey

——— . Y - P D - . A D W - - ——— D WD N Y T ———— - N D Al - - -

Ooverleaf: Figure 2.5. Trapridge Glacier ice thickness map. The
contours are computer generated by interpolating from the
airborne data onto an arbitrary square grid. The interpolation
uses an inverse-~distance-squared weighted average .of the nearest
datum in each of eight equal sectors. In regions of low density
coverage and particularly near the southwest headwall, the map
reflects the arbitrary nature of the interpolation schenme.
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data and are results of the more extensive coverage of our
airborne programme.

The most serious limitation of the sounder is its inability
to penetrate great thicknesses of temperate or debris-rich ice.
We  believe the ice thickness map of Hazard Glacier (Fig. 2.6)
owes much of its character to an internal moraine Jlayer formed
by the merging of the glacier's two main tributaries. The mapA
shows, along the northern edge of the glacier, a shallow ledge
of relatively constant (60-80 m) ice depth. The boundary of the
ledge is defined by a tortuous 80 m ice depth contour. We do not
believe that in this region we have actually measured total ice
depth. More 1likely the radiation has been scattered by the
internal moraine layer. |

The evidence for am intermal reflector is two-fold. Each
transverse fiight line yielded data showing an extremely steep
rise from the "deeper" southern region of 'the glacier to the

northern ledge (Fig. 2.7). These very strong boundary points do

S — ————— - ———— A — - — - — - - — . — U G B WD G P P —— > —  —— v -
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Overleaf: Figure 2.6. Hazard Glacier ice thickness map. The
contour interval is 20 m. The major medial moraine is shown as a
shaded area.

Second overleaf: Figure 2.7. A transverse section of the Hazard
Glacier showing the interpretation and a reproduction of the
data. The <cross-section 1is shown looking up-~glacier, with the
northern boundary to the right. The sclid 1line represents the
first interpretation -of the data. The flight line shown on
Figure 2.6, went from the northern boundary to the southern
boundary. The steep rise coincides with the edge of the major
medial moraine. The shallow ledge depicted by the so0lid 1line
above a shaded band is probably. not bedrock but a debris layer,
perhaps brought with overlain ice from the northern arm of the
glacier. The dashed 1line. represents a hypothetical bedrock
sur face. ' ‘
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not define a smooth valley £floor. Instead they cause the
tortueus 80 =m contour im figure 2.6. We believe that the rises
are too steep for-a reasonable valley configuration and that the
irregular contours result from the occaéionalvpenetration of the
radiation through the intermal layer. Secondly, the edge of the
shallow ice depths coincides with the major surface medial
morainé. The structure which hés caused the. formation of the
medial moraine could also have caused the formation of an
internal moraine layer which terminates in the vicinity of the
nedial moraine. Possibly ice from the northern arm has
overridden ice ﬁhich originated at the southern headwall (Sharp,

1960, p. 13).

2.4 CONCLUDING REMARKS TO AIRBORNE SURVEYS

our field tests demonstrate that airborne UHF echo sounders
can be used to measure the ice thickness of small and medium-
sized cold valley glaciers. The compact size of the antenna and
instruments makes them easily deployable from even the smallest
aircraft. Using a small helicopter, complete ice thickness data
can be collected quickly and efficiently. The deepest ice
encountered wés 200 m on Hazard Glacier, though this is not the
depth. 1imit of our sounder. During an airborne survey of the
glacier . lying in .the northwest col .of MNt. Logan, Yukon
Territory, we soundéd 430 m of ice‘under .conditions that were
far from ideal (Clarke and Narod, unpublished). The major
drawback of UHF echo sounders is their inability to penetrate
temperate or dirty ice. i

Several improvements to the sounder are now being
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undertaken: iheée include the organization of the radar into a

single rack-mounted package for easier airborne deploynment,

increasea pre-amplification for improved system performance,
addition of a graphic disblay for'mdnitoring and field replay, a
magnetic recordér for digitall or anélogue data, and direct

T

recording navigation aids.
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CHAPTER 3: PHYSICAL PROPERTIES OF GLACIERS

3.1 EXPERIMENTAL DESCRIPTION

The experiments performed with the UBC sounder at our
Hazard Glacier field camp '~ (drill site #1) were designed to
measure ellipses of polarization of reflected pover, and to
gather statistical data on reflection strengths. The data
discussed here are the products of two experiments which have
for convenience been labelled experiment TX.0 and experiment
TX.9.

The physical execution of the experiments involved the
rotation. of a receiver antenna about the vertical axis, while a
transmitter antenna was left statiomary. For TX.0 the E-vector
of the transmitter antenna was aligned approximately parallel to
the flow axis of the glacier. For TX.9 the E~vector of tkhe
transmitter was aligned at a right angle to the TX.0
orientation, approximately perpendicular to the flow axis of the
glacier (Fig. 3.1).

Two high-gain corner reflector antennae (App. 1.5) were
used for these experiments. Because of their small size we were
abie to mount the antennae. on rotating platforms, levelled
approx1mately 60 cm above the 1ée surface. |

For each expeleent we recorded 36 echograms, taken at 100
increments of the receiver anienna azimuth. We made a total of
72. records bf photographing an A-scope (X-Y) oscilloscoéé

display on Polaroid film.
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He then‘ aigittzed these records on a "Gradicon" flatbed
digitizer. This diéitizer has a precision of 0.001" (0.025 mm).
The digital records were numerically interpolated to 10 ns
inerements,.anﬁ corrected -for tpace rotation on the flatbed
digitizer. A final tinme base correction brought the leading
edges of the transmitted pulses(into alignment (Figs. 3.2 and

3.3).

3.2 DATA ANALYSIS

The intent of the two experiments was to establlsh a quasi-
statlonary EM field wlth the . statlonary transmitter antenna, and
then to use the receiver antenna as an analyser of the reflected
field. If the returning power were linearly polarized we should
expect to detect a cos? vafiation of power with azimuth. The
two-fold symmetry of the feceiver antenna pattern implies that
we should expect always to have a two-fold symmetry in the
returned power vs. azimuth. Nonpolarized returhing power sﬁoﬁld
result in‘the meaSurement of a circqlar power distribution. Ouf

data show little evidence for any of these effects.
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3.2.1 ERRORS IN POWER MEASUREMENTS

PROCESSING ERRORS

The photographicsdigitizing procedure introduces errors
which could have been avoided had a more sophisticated recording
medium been easily available.

Due to cathode ray tube writing speeds the photographic
process cannot oeiiver uniform image density (brightness) along
the trace. Together with the finite width of the oscilloscope
trace, 'this can result in subétantial timing/power errors sinco
the user must visually select valid p01nts along the trace. In
our case an optimally sharp trace had a width correspondlng to
approximately 100 ns or 1.5 dB.

The digitizing process can also contribute.to timing/pooe:
errors. A prec151on in our case of 0.001" (0. 025 mm) corresponds
to0 2.5 ns or 0.04 dB, and is hence not a significant error
source. However user 1mprecision and fatiqgue. could introduce
orrots many times larger. We kept sessions at the digitizer to
less than 1 hour to minimize this problen.

Time base correction values were taken from points sampled

Overleaf: Figure 3. 1. Schematic of the plan views of the antenna
rot tlon experlments. :

Second overleaf: Figure 3.2 the 36 records for experlment TX.0.
The numbers to -the left of each record.-indicate the receiver
a21muth in degrees._,

Third overleaf Flgure 3 3. The 36 fecords of experiment TX.9.
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aiong the leading edge of the oécilloscope traée; these were the
only sharply visible edges omn all of the records. Howevér
because of varia£ions in ﬁhe -strength of the direct arrival
power, this correction is not 1likely to have improved the gross
timing accuracy to bétter than 20 ns, nor has it affected random
measurement errors within the traces.

Finally, after correction, trace rotation was not

considered to be a significant error source.

SYSTEM INDUCED ERRORS

¢

Three additional effects, each caused by the glacier not
being an ideal half-space, result in received power Qarying with
antenna position. Two of these effects, involving -t#e
interaction of the antenna with materials in its near field,‘are
changeg in the antenna's effective impedance and gain pattern.
Imnpedance changes result in mismatches with the. antenna feed
line and fluctuations in power fed to the réceiver. Variationé
in the antenna pattefn, caused by refraction at randon
variatiops in the iceyair surface, redistribute the received
power. It is well known that roughness can céuse,bedrock echoes
to vary significantly with small antenna movements (Nye, and
others, 1972). Ice/air surface roughness could cause a similar
effect. With a 36 cn waveiength, rbughness on the scale of 36 cm
could influence the antenna pattern. Finally, having an
elliptical beam (approximately 189 x 440 semi-axes) guarantees

that the receiver antenna ‘"sees!" different scatterers as the



33

antenna is rotated, introducing more variation in the received
power.

our data exhibit large variations, from record to record,
of total received power. We estimated these variations as
follows. By taking the average over the 36 records of power
vS. time (Fig. 3.4A) we noted that the power returning between
0.5 us and 1.5 us falls off roughly aé 1/R2 - 5 dB/100 m. We
then calculated the average power in each record, between 0.5 us
and 1.5 us, using the 1/R2 - 5 dB/100 m curve as a weighting
function to flatten the records. The results are plotted as a
function of azimuth on a linear plot (Fig. 3.5) and a log plot
(Fig. 3.6). | | |

The algorithm described above is to some.extenf arbitiary.
However, £here are features in Figs. 3.5 and. 3.6 which wouid
certainly occur with any estimator. One is the very large
difference between the strongest and weakest returns within one
experiment. In both experiments the difference exceeds 25 dB.
Another feature is the. apparent randomness of the estimated
power. At several locations Jjumps in power exceeding +10 dB
occur between adjacent antenna positions.

If these variations have been caused by effects other than

——— ———— . ——— — " — —— — — g " — —— S D W . ————— —— ] —— — ————— o W . ————- -

Overleaf: Figure 3.4. Averages of power vs. time. These records
are the averages of +the 36 individual records of each
experiment. In 3.4A +the original data have been averaged. In
3.4B each individual record has been scaled up or. down +to an
average level by subtracting the relative power figure plotted
in Fig 3.6. We have called this process "azimuthal smoothing".

Superimposed on each record is a curve which represents a
1/R2 - 5 dB/100 m fall-off of power with depth.
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the random interaction between the antenna and fhe ice/air
surface we should expect to see a. fwo-fold symmetry in the
azimuthal functions of power; Examination of the discrete
Fourier spectra (Fig. 3.7) of‘tﬁe relative power reveals that
there is no tendency for the even harmonic terms to dominate,
and thus that these variations are not caused by bulk pfeperties
of the glacial ice mass.

Ellipticity of polarizetion should also be. estimated by
extracting even harmonics -frem azimuthal power functions. The
magnitudes of these‘additional randon variations: in our data
thus preelude measurement .of ellipticity of polarization, and

the detection of birefringence.

3.2.2 DIELECTRIC ATTENUATION

The 72 records of experiments TX.0 and TX.9 provide a basis
for estimating the dielectric losses in the glacier ice. The
averages of the records have been plotted in Fig 3.4A. To
estimate the effect of the large random variations discussed in
Sec. 3.2.1, we have also averaged the records after having
scaled each record to correct for these lérge variations. This
was done by subtracting the relative power figure plotted in
Fig. 3.6 from its respective. record, and adding the average
power figure from Fig. 3.6 to all the records. In this way the
power estimating-algorithm described in the previous subsection
would always yield a relative power figure equal to the average
power figure. This procedure, which we have called azimuthal
smoothing, <changes the peak power reflected at the bedrock by

+1 dB. We can conclude from this small deviation that the 1large
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record to record variations do not adversely affect our ability

to measure an average bedrock reflection power.

Table 3.1 Dielectric Loss Ceomputation-

Transmitted power +66 dBm

Received power - -32-dBm -
98 4B
Geometric losses at 158m -81 4B
System losses -14 4B
Bedrock reflectivity -20 4B
" Two-way antenna gain +31 dB
Dielectric losses -14 -dB-
-98 4B

The measured bedrock echo strength, determined f£from Fig.
3.4, is -32 dBm. To compute the dielectric losses from one datunm
requires +that we assume a value for the bedrock reflectivity. A
commonly used value is -20 dB (Davis, wunpublished). The echo
delay is 1.85 us corresponding to an ice depth, with cablev
length corrections, of 158 m. These two figures require that the
total dielectric 1losses be. 14 dB, vyvielding 1loss rates of
4.5 dB/100nm or ftand = 0.26.1 table 3.1 summarizes the

dielectric loss calculation.

- —— - —— . - — S . - . — D D - D D AP A D - —— —— —— - - - — - - - - W " - -

1Je must be aware that the bedrock reflectivity value of -20 4B
represents a simplification of the combined dielectric contrast
and surface roughness effects, and was selected to account for
radio echo sounder behaviour' at VH frequencies. To use this
figure here we must assume that this simple. description of
bedrock behaviour can be extended, unchanged, to UH frequencies.
This 1is not necessarily the case since features such as water
films may have substantial effects at +the higher frequencies.
Nonetheless since we have no other estimate we shall use this
figure.
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The mean ice temperature of Hazard Glacier at the
experiment site is known (Fig; 3;8) to be about -59C (Clarke,
private communication). The value of ftand = 0.26 at -59C agrees

very well with measurements of Westphal (Evans, 1965).

3.2.3 SCATTERED POWER DENSITY VS. DEPTH

Given from the previous subsection that the tvwo-way
dielectric losses are about 9 dB/100 m, we may now infer fronm
Fig. 3.4 that at Hazard Glacier drill site #1 the scattering
coefficient, C,u as 'defined by Davis (unpublished, p. 64, eq'n

5(1)) increases with depth.

\
|

cg.%. m 3.

i

where PS is the scattered pswer pef ﬁhit volume and P is the
incident. power density. A constant C and dielectric losses of
9 dB/100 m requires that received power scattered from a shell
of radius R, fall off with R as 1/R2 - 9 dB/100m (Davis,
unpublished, p. 66, eq'n 5(3)). Since the actual scattered power
is best fitted by a 5dB/100m loss curve, (Fig. 3.9) we conclude
that the scattering coefficient increases with depth. The
implication of this resuylt is that the size and/or density of
scatterers (presumably rock debris, water cavities, conduitsj)

increases with depth.
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3.3 DETECTION OF LARGE CONDUIT SCATTERERS

A further examimation of Fig. 3.4 reveals that at a time
delay of 1.5 us the average record of TX.0 exhibits a strong
peak 5 dB above the local time average. This peak is not evident
in the average record of TX.9. This section examines the
possibility of using high resolution UHF radio echo sounding to
identify large conduit or "linear" scatterers, and further,
discusses the possibility that data at time delay 1.5 us might

represent such a scatterer.

3.3.1 THEORETICAL PATTERNS FOR CONDUIT SCATTERERS

We have taken the approach that linear scattering objects
generate signature patterns, i.e. the pattern of data produced
by a linear scatterer, present -in the range of an anteﬁﬁé
rotation experiment, may somehow be identified with the
scaftering object. By modelling the scatterer as a horizontal
flat ribbon kAppendix 3) the ratio of power received from the

scatterer, to the total transmitted power max be estimated by

[ﬂ;:__]uz = 4W' ):"(,‘ I(;:/%-)G(B'G'T)G_(B,QR) cosp[

2 X SGCB] 2
A

I R | ' .7 .
+—’-'_T P2=:|J( P'/ 8) exp(-f—z.- P.)l

t : ! . (3.2’ Cf. A3.59)
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where (see Fig. A3.1) W is the width of the scatterer, X is the
scatterer depth, G is the antenna gain function, B is the angle
of nearest approach (angle of incidence), and J, defined by eq'n

A3.37, is antenna pattern dependent. a and ap are the

T

respective azimuths ‘of the trénsmit and receive antennae
relative té the scatterer nérmal.

The approximation is valid if Wsinj?<<1. For the near
vertical angle of incidence required by our high~gain antennae,
W may be several wavelengths. In our case, widths up to 1 m may
be reasonably modelled.

Equation 3.2 comprises two parts. The first term is the
evaluation of the integral over a removable singularity, and 1is

dependent only on the gain of the antennae toward the

——-———-—-———---——-——————--———-—--...——_-_—--—-_——-————-_-~-—-———q-..

First. and second overleaves: Figure 3.10. Theoretical antenna
rotation patterns for the U.B.C. high-gain corner reflector
antennae. The two rosettes model respectively experiments TX.0
and TX.9. In each rosette there are two curves. The outer dashed
curve plots the relative power calculated using the numerical
scheme defined in Appendix 3. These values have been normalized
to the maximum value for the two model experiments. The inner
shaded curve, always two petals, is the product of the value of
the first curve with either cos2¢ or sin2¢ . The second curves
show the expected patterns if the backscattered radiation has
the identical polarization to the incident polarization. Here we
have assumed that no depolarization or polarization rotation has
occurred.

Superimposed on each rosette is a schematic representation
of the scatterer position. The heavy line represents the
scatterer, oriented at anglea (see Fig. A3.1), displaced by
angle B off of the vertical. Full scale displacement represents
450 off vertical.

The large dynamic range at B =200 is due .to a strong null
in the antenna E-plane at about 200.

Third and fourth overleaves: Figure 3.11. Theoretical antenna
rotation patterns for dipole antennae. See description of Fig.
3-10.
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scatterer's nearest point G(8,a The second term evaluates

IR)'
the residual difference between the removable singularity and
the gain dependent integral.

Using the numerical scheme established in Appendix 3 wve
have evaluated the continudus ﬁave.returning power pattern fron
several scatterer positions, modelling both our high-gain corner
reflectof antennae, and single half-wave dipole antennae (Figs.
3.50 Aand‘ 3.11).‘ in. all cases we have found that the pole
contribution to the integral is at least two orders of magnitude
lérger'than the residual contribution, even when the integration
extends b to well beyond 459, We can then neglect the fesidual

component, and consider the pole term alome to represent the

entire integral

L : o4
T PR12Z.. WX . [ 2Xi secB 1 .

R

A

Since the only d and f? dependence now occurs in the factor
G(Bsag)G(Bsag), the  shape of the pattefn ‘is
indistingdishable from that of a point scatterer located at the
L origin.} Hence, the shape of fhe pattern aldhe cannot be used
to identify 1line scatterers.‘

Equation 3.3 may be rewritten

a2
[_E% ~4J_” “6(8,a ap )G(8,ag) (Ro )™ (3. 4)
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indicating that backscattered power fall off as R-3. A plane
reflector backscatters power as R—-2. A point scatterer
backscatters power as R—¢. As determined ébove, a 1large 1linear

scatterer cannot be 1dent1f1ed by data collected from a single

[

location. A p051t1ve 1dent1f1cat10n would require  the locating
of the scatterer from several radar sites and fitting the

backscattered power to the R~3 curve.

First and second overleaves: Figure 3.12. TX.0 antenna rotation
data selected at various delay times. The first eleven plots
have been selected at 100 ns intervals, in the range 0.7 us to
1.7 us. The last nine plots -have been selected at 20 ns
intervals in a range covering the leadlng edge. of the bedrock
echo at 1.8 us.

Fach rosette has been normalized to the maximum value of
the data used in the rosette and plotted on a linear scale. To
the right of each rosette a bar graph displays relevant power
data. The bar graph is logarithmic with the full scale
representing 80 dB. The top of the dark band in the left column
indicates the level of the 1/R2 - 5dB/100m estimator described
in Section 3.2. The top and bottom of the dark band in the right
column mark the maximum and minimum power plotted in the
corresponding rosette. As the delay time passes into the bedrock
echo the power level can clearly be seen to rise well above the
scattered power estimator. .

Third and fourth overleaves: Figure 3.13. TX.9 antenna rotation
data. Similar to Fig. 3.1Z2.

Fifth and sixth overleaves: Figure 3.14. TX.0 antenna rotation
data after azimuthal smoothing. The ratio of the maximum to
minimum power (the length of the dark band in the right column
of the bar graphs) are generally smaller than those of the
unsmoothed data suggesting that azimuthal smoothing has tended
to remove large-scale, externally caused effects. The spikey
appearance at the delay times 1.80 us to 1.84 us can result from
two causes - a severely different bedrock scatterlng regime, or,
more likely, timing errors.

Seventh and -eighth overleaves: Figure 3.15. Selected TX.9
antenna rotation data after azimuthal smoothing. See Fig. 3. 14.
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3.3.2 COMPARISONS WITH THE FIELD EXPERIMENTS

Figs. 3.12 through 3;15 are selections of rosette piots of
the two antenna rotation experiments, plotting received power
vs. azimuth,'with delay time as a parameter. These plots provide
little evidence for the expected two-fold symmetry, even after
azimuthal smoothing (Figs. 3.14 and 3.15).

The rosettes plotted from the smoothed data (Figs. 3.14 and
3.15) at delay» time 1.50 us are +the omnly patterns of the
selected vdata which resemble two-fold symmetrical petal
patterns. However, they still do not compare well - with any
theoretical patterns that we have generated using an idealized
corner reflector model. To achieve even the least -match “also
reguires that we invoke some mechanism which rotates the
polarization by about 909 since TX.0 theoretically receives its
greatest power at 090 and TX.9 at 9009.

When we consider the data regarding the very . 1low
probability of observing any two—fold‘SYnmetry, the apnearance

of symmetry at delay time 1.50 us is most likely fortuitous.

3.4 CONCLUDING REMARKS TO CHAPTER 3

These field tests and discussions have demonstrated the
difficulties assoc1ated with the use of UHF echo sounders for
determining physical properties of glaciers, Measurements of
attenuation, birefringence or other parameters 'reguire a
capability for the accurate recording and reproduction of power
VS. time data. Records collected by photographing A-scope

displays have failed to prov1de the accuracy required for these
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experiments. More important, random. roughness at the ice/air
surface, peérhaps density variations within the near-surface ice,
appear to cause large scale variations in the near~field of the
antenna. At 840 MHz the glacier surface cannot be modelled as a
plane surface, thus any surface based experiment must collect
data with sufficient redundancy that a statistical approach may
be used. Our attenuation estimate of ftand = 0.26, based on the
average of 72 records, is our only measurement made with
sufficient redundancy that it may be considered reliable,
limited mainly by our knowledge of the bédrock reflectivity.

Thé " last comments suggest another ©potentially serious
drawvhack of the photographic recording technique. A statistical
approach to parameter measurement may require. that 1literally
thousands of records be collected during a field experiment.
Since it requires on the order of -ten minutes of labour to
digitize a single record the amount of time required to process
a large number of photographs would be prohibitive.

Glécier surface experiments for ice properties measurements
require an accurate, serviceable recording medium as do airborne
surveys. In addition to our scheduled modifications to our
" airborne system we are <concurrently developing a portable,
digital, cassette logging system. We expect it to provide more
accurate records than do photographs, and in an immediately
computer compatible format. It will also eiiminate a heavy,

power-hungry oscilloscope and support hardware.
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CHAPTER 4. CONCLUDING REMARKKS AND RECOMMENDATIONS FOR FUTURE

EXPERIMENTS

The work reported here has taken a particularly Canadian
view towards radio echo soundiné. The Canadian Arctic is dotted
with many small ice masses likely of less than 700 m depth,
including valley and alpire glaciers, as well as several ice
caps in the Arctic Archipelago. We have shown by developing and
airborne testing an 840 MHz radio echo sounder that all of these
ice fields should be within the range of an UHF sounder.

The advantages to this approach are several. UHF antennae
are readily deployable from light aircraft. This implies that
airborne surveys can operate in small valleys where light
aircraft are necessary and where high gain antennae minimize
interference. Also, the - use of 1light aircraft would ease
logistic problems associated in mapping the Archipelago ice caps
since an UHF radar survey could be operated from one of- the
small aircraft which routinely service these arease.

Our results from surface based experiments carried out on
the Hazard Glacier counfirm +that with ftand = 0.26 at =-590C,
840 MHz must be included in the useful radio echo sounding band.
However . these tests also demonstrate the extreme sensitivity of
our system to small scale <changes in antenna position,
indicating that at thesebfrequencies the ice/air surface may not
necessarily be modelled as a perfect plane. Any successful
experiments performed to monitor such ‘effects as stress induced
anisotropy, bedrock roughness or internal structure will require
a large data redundancy simply to overcome the random effects

introduced at the iceyair surface.
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A common thread running through all of this work has beeﬁ
the failure of our photographic recording procedures to provide
reliable and recoverablé data. We can  strongly recommend that
future expéfimehté be performed.Qith some alternative recording
medium, preferably magnetic  tape, with capabilities for both
continuous recording for airborne surveys '(analogbus to Z-
scope), and spot recérding for surface experiments (anaiogous to
A—scope?. Hg are, in f§ct! presently developing both types of
recorders as two hseparate sysfeﬁs. The first is based on a 4
channél FM tranéport and the second '6n a digital cassette

transport.
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PPENDIX 1: DETAILS OF THE RADIQ ECHO SQUNDER

A1.1 GENERAL DESCRIPTICN AND OPERATION

This appendix is divided into five sections. The first
section is an operations notice which details how to connect the
various pieces of the radio echo sounder and how to operate the
complete systen. In principle this is the only section with
wﬁich the new wuser need be concerned. The remaining four
sections deal in detail in turn with the transmitter, the
receiver, the regulating power supply and the antenna. They
should be consulted when more than a basic knowledge of the
component is required. These sections include complete circuit
diagrams of each part as well as functional descriptions of all
circuitry.

This appendix is intended to be an exact specification and
description of the radio echo sounder as used during the 1976
field project, however it has been written so that a user of the
radio echb sounder other than the author will be able to operate
and service the sounder, the latter at least in components where

user servicing is possible.
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A1.1.1 SYSTEM ASSEMBLY

POWER SUPPLY AND DISTRIBUTION

The power for the radio echb sounder and any. auxiliary
instruments is distributed by the switching regqgulator. .Power is
fed into fhe regqulator via one of the five . standard circular
connectors on the regulator front panel. The connector with the
male insert receives the incoming power while the four
"connectors with female inserts are used as power outputs.

In each connector there are five pins. Pin A of each
connector is connected to the output of the switching regulator.
The pin B's are all connected to the input power, while the pin
E's are connected to the ground reference. Iﬁ normal use the
transmitter always draws power from the output of the regulator
on. pin A while the receiver and the oscilloscope draw
unregulated power from pin B. The additional connector is
available for auxiliary instruments. Pin C and D of each
connector are reserved for future expansion,

The assembled radio echo sounder (Fig. A1.1) will run off
any power source which camn provide 104 at 22 V to 28 Vv, for
example two automotive batteries connected in series or a 104,
28 V auxiliary circuit in an aircraft. Since each power source
usually has its own system for connection, care must be taken
when connecting it to the switching reqgulator. The polarity of
the power .connection must. not be reversed. An incorrect
connection will destroy the high-power switching transistor in

the regulator. When properly connected and functioning the
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regulator will emit a high-pitched whine caused by high
frequency contractioné of the flyback inductor. The input and
output voltages can be monitored by setting the monitor switch
in either poéition B or A respectively and observing the voltage
on the panel neter. |

Should the regulator fail for any reason (other than short
circuits or power diode failure) it would still be possible to
operate the radio echo sounder provided the input voltage
exceeds 27 V. When the system 1is reconnected correctly the
reqgqulator output voltage which tracks the input voltage will
then be over 26 V which is sufficient to drive the . transmitter.
The panel meter is diode protected so that it should always
function satisfaétorily.

Connection procedure should be as fellows: Arrange for
connection to a suitable power source. Carefully check polarity
and connect the regulator to the source. Listen for the high
pitched whine and wuse the selector switch and panel meter to
check that the input and output voltages are at suitable levels.
Using provided cables connect . the transmitter, receiver,
oscilloscope and auxiliary instruments.to the requlator. <Check
briefly that each instrument operates normally (all instruments
have panel. lamp power indicators). Make sure. that.. the
oscilloscope power selector switch is set +to 24 VbC. | If any
instrument fails to ‘functioh check that its fuses are

satisfactory.
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R. F. CONNECTIONS

ﬁéuailj fhe rédio echo soﬁﬁder is operated with a single
antenna. In this case both the transmitter and receiver must be
connected to the antenna-via a circulator.

A circulator -is a - passive T/R switching device with at
least three ports. The construction is such that power fed into
port 1 exits from port 2, and power fed into port 2 exits from
port 3. With the provided circulator, power from.  the
transmitter is fed into port 1. The transmitted pulse exits
from port 2 which is connected to the antenna. The transmitted
pulse is radiated from the antenna. The reflected power is
received at the antenna and fed back into port 2. The received
power then exits from port 3 which is connected to the receiver.
The system is not perfect in that the port 1 to 3 isolation is
only about 25 dB so that about 12 w from the transmitter plus
any power from reflections due to antenna impedance mismatch
will be fed directly into the receiver input. In the event of
an antenna cable failure a 4 Kw spike would be reflected into
the receiver input. This situation has been anticipated, and in
the receiver design protection circuitry capable of withstanding
the high power shock has been installed. The transmitter is
also fully protected by an isolator against R.F. power being
reflected back into it (an isolator is simply a circulator with
a dummy load on port 3).

All of the high-power R.F. connections in the radio echo
sounder use type N connectors and RG-8U or RG-213U cables. When

operating from a hookmount on a helicopter an additional GR
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connector link should be installed near the antenna in the
antenna feed line. The GR link comprises a type N female to GR
adapter and a - GR to type N male adapter. The friction coupling
in the GR connection effects a "weak link", 1In the event that
the pilot of the helicopter is forced to Jjettison the antenna
the GR connection will open and break the cable link to the
antenna.

The R.F. connections should be made as follows: Using a
type N male-male adapter and an optional type N right-amngle
adapter connect the transmitter R.F. output to port 1 of the
circulator. Using a 1 meter type N cable connect the receiver
R.F. input to port 3 of the circulator. Connect a 5 meter cable
to port 2 of the circulator and run the cable to the antenna.
The cables within the antenna itself should be taped to the
antenna reflector to relieve strain. The antenna connection
itself - uses two type N "Tee" adapters and a tuning stub. The
connection can be articulated to allow fof a convenient approach
by the antenna feed line. If required install the weak 1link
connection on the antenna and connect the free end of the

antenna feed line. Caution: when  operating, the ©radio echo

sounder radiates sufficient R.F. power to be considered

hazardous. Do not sta

— g

e

‘in-front of the antenna while the radio

echo sounder is operating.

REMAINING RECEIVER TO TRANSMITTER CONNECTIONS

In addition to the R.F. connection there are two other
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connections between the tr;nsmifterhand the receiver. 6ne is
the locél oscillator poﬁer, the other is the +transmission
trigger pulse. ’ | |

The locai oscillator (L.O.) power~ is generated in the
transmitter and is frequency-locked to a 120 MHz crystal
oscillator also in. the transmitter. The latter provides é
reference for both the 720 MHz L.O. and the 840 MHz tfansmitter
carrier frequencies. The connection, made by attaching an RG-58
Sua cable to the sockets marked "L.O." on each of the
transmitteﬁ and the recéiver, provides 160nW of L.O. power to a
mixer in the receiver which coaverts the received R.F. signal to
the 120 MHz receiver intermediate frequency (I.F.). |

The transmission trigger pulse is generated in the receiver
logic circuitry; It has been preset to 56ns pulse length and ié
capable of driving 5 V into a 50) load. This pulse triggers
the medium power R.F. amplifier as well as gating the high power
R.Ef,amplifier. in thié way the R.F. pulsé length is externally
adjustable while maintaining a high on/off ratio for detecting
signals after long delays. The connection is made by attaching
a second RG—-58 SMA cable to sockets marked "PULSE IN" on the

transmitter and "Trig" om the receiver.
OSCILLOSCOPE CONNECTIONS

Five BNC connectors on the receiver front panel provide all
the signals required to make photographic records from a

Tektronix 475 oscilloscope. They have been marked @wTw, wpw,



74

ngn, uwyn, and: WRH, The functions of each is described in the
following paragraphs.

The connector marked "T" is a twin of the SMA connector
marked "Trig"; It serves as a backup trigger source to the
latter as well as a trigger for the oscilloscope. Its
electrical properties are identical with "Trig".

The "aA" connector carries the unmodified video output of
the I.F. amplifier-detector strip. in the receiver. The
impedance is 93§ and the signal stays between 0 and +3 V with
40 MHz bandwidfh., The A signal is used for all "A-séope"
records (X-Y photos of power vs. time);_

The nzn connector carries the output of the video
amplifiér. It is nqrmallf used only as a monitor of the video
signal. | | |

Tﬁe :"V" connector cérries a signal called "mixed video".
It is identicai in ﬁature to the Z signal except that a frame
code or. grey scale can be momentarily swit;hed into the data
stream. Both the V and 2 signal can be used to ﬁoaulate the
intensity of the phoéphor'brightness. |

The "3“ connector carries a élowly.varying ramp vwhich is
used to scan an intemnsity moduléted'line trace vertically across
the oscilloscobe screen., This signal‘is usea when ‘contihuous
records‘are required. ‘

Connecting the oscilloscope into the radio echo sounder
systenm fequires four BNC cables which should be deployed as
follovs. . Coﬂnect the receiver "T# output to the "external trig"
connectér "~ on . thé " oscilloscope (lowet right).’ Set the

oscilloscope trigger source on "EXT", coupling on "DC", slope on
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positive, modé on "AUTO" and horizon£al méde on."A locks knoﬁ".
Connect the receiver A' output to the oscilloscope Ch1 input.
Set the Chi1 atténuaéor at 0.5 Vv/div with DC coupling. Connect
the R output to the oscilloscope <Ch2 input. Set the Ch2
attenuator at 2 V/div with DC coupling. Connect the V output to

1

the oscilloscope Z-axis input (rear of instrument).
A1.1.2 OPERATION OF THE RADIO ECHO SOUNDER

INITIAL SETUP

After assembly several steps must be taken before .any
photographic records are to be taken. The .procedure which
follows need be done only at the beginning of operation.

Turn on the power for the transmitter and the oscilloscope.
The flashing light on the transmitter.indicates that it 4is: in
its warmup cycle. During this beriod the high voltage supply in
the transmitter is disabled. At the end of this warmup. period
the lamp will stay on continuously. .

Turn on the power for the receiver. On the oscilloscope
select Ch1l as the vertical source. Adjust the trigger level so
that the echogram is stable. Adjust the vertical position to
midframe. Set the timebase on 1 us/div or 500 ns/div depending
on the expected ice thickness. Set the bandwidth to 100 MHz or
20 lMHz depending on signal to noise and resolution requirements
(20 MHz gives better signal to noise, 100 MHz gives better
resolution). Attach the Polaroid camera to the oscilloscope.

The oscilloscope is now set up for A-scope photographs. -
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Only one additional initial adjustment is required for I-scope
recording. . Select Ch2 as the vertical source, uncouple the Ch2
signal (set switch to GND), adjust the vertical frace position
to three graticule divisions below centre, recouple the Ch2

signal to DC.
A-SCOPE RECORDING

To make an A-scope photograph use the following procedure.
Select Ch1 as the vertical source. Adjust the screean brightness
to medium brightness. Close the camera onto the oscilloscope.
Set the shutter speed at 1/60 s. éet the aperture at -f:4
(approximate). Operate the camera in the usual manner. Getting
a well exposed frame may require several attempts before the
operator is - familiar with the required brightness/aperture

combination.
Z—-SCOPE RECORDING

In this mode it is possible to use the Polaroid camera to
make continuous records. Select Ch2 aé the vertical source.
Adjust fhe screen brightne;s éo the minimum brightnesé while
maintaining signal visibility. The operator may ;hoose to use
the grey scale as a source for setting the brigﬁtnesé.
Depressing the'momeﬁtary "GREY SCALE" toggle switch will switch

the grey scale into the video signal. This shows up as an eight
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step staircase starting with the brightest step at the left of
the screen.

Set up the receiver as follows. Select a duration for each
record using the rotary switch. One minute is typical. Using
the "RESET" and “RUN" switches preset the frame code to one less
than the reqﬁired starting frame number. Thé fraﬁe code is
displayed in ;cfal Ebn the receiver. The receiver will
automatically increment the frame count after eaéh depression of
the "START" swifch. |

To expose a frame first <c¢lose the camera onto the
OScilléscope, set the shutter speed at “I© (timé eiposufef' and
the apéfture af f;16. Pfess the shutter release'and depress the
"STARTY switch on the receiver. This action will cause the
frame <code to increment by one and the YREADY" lamp to
extinguish. When the "READY" lamp has relit press the shutter
release again. This action closes the camera shutter. After
removing the film frame the cycle is ready to be repeated. With
practice the entire procedure can be accomplished in less than
ten seconds.

Examination of an I-scope photograph will reveal the
following. Each record starts at the bottom of the screen by
exposing first the grey scale, then the frame <code into the

picture. This process uses 1/16th of the total record tinme.
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A1.2 THE TRANSMITTER

In principle the radio echo sounder transmitter (Fig.
A1.2) is simply a gated R.F. oOscillator. Its sophistication
results from its high output power level, fast switching times,
stable frequency and foolproof, overload—éensitive power supply.

The circuit design and the instrument were provided for the
University of British Columbia by Microwave Control Co., New
Jersey. The following informatién has been included here solely
for user interest and to aid possible field serviceability. No

rights to the design are implied.
A1.2.1-POWER SUPPLY

REGULATORS

The input powef’regulatorslprovide‘+26 Vv and +5 V for the
transmitter. The +26 V regulator output. (Fig.. A1.3) is
referenced to Zener diode D1 If the output voltage rises
transiéfor 01 is.biased on which increases the sink current in
transistor Qz thereby puliiné down the'output voltage. The +5 V
reguiator kFig. Al.4) 1is a simple. shunt regulator with
transistor Q2uAbeing used as a variable current sink referenced

to Zener diode D29.
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WARM-UP TIMING . CIRCUIT

When power is first applied to the transmitter the high
voltage power supply is disabled to allow time for the triodé
filaments to warm up. A digital circuit (Fig. A1.4) delays the
high vbltage enable for approximately two minutes. At power-up
capacitor €66 1is discharged forcing t:dnsistor 018 to be
switched off. As a result pull-up resistor R60 and Zener diode
D12 ~en$ure a TTL high logic level on reset pin 2 of each SN7493
hex counter.. Thus as power-up both counters are reset. Reset
circuit relaxation then turns on transistor Q18 and the reset
lines aré bfought to a léw level.

An SE555V timer provides a sfari-up cycle clock. At power-
up the count enable line is low and the SE555V is in astable
vibration. The open collector output on pin 3 drives a NAND
gate used as an inverter. The output on the NAND gate drives
the base of transistor Q17 through resistor R5§} Transistor Q17
drives the front panel timing light causing it to flash on and
off at the count frequency.. The clock pulse is inverted again
in a NAND gate and drives the clock input (pin 14) of an SN7493A
counter. The Qi output provides a clock pulse. for the second
SN7493A .counter. The Q2, Q3 and Q4 outputs of the second
counter . are "NAND"ed to determine the ENABLE level. When the
count reaches hex'EO' the ENABLE level goes 1low resetting the
SE555V multivibrator and forcing a high clock input on the first
SN7493A counter. A low level from the multivibrator is inverted
and turns on transistor }Q17 continuously. At this time the

panel lamp remains on continuously indicating the wend of the
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warm~up period.
POWER SUPPLY DRIVER

All power supplies are constructed using step~up/isolation
transformers. Currents in the primary windings are switched by
transistors Q19, 020, 021 and Q22 (Fig. A1.5). Pulses to drive
these.transistors are derived in the powver supply driver.

The basic transformer frequency is determined by an NC4324
astable multivibrator and a J-K flip-flop (1/2 SN5473) (Fig.
31.6) . The Q and Q-outputs of the flip-~flop aiternately enable
pulses onto the bases cf tramsistors 026 and (28 in the . high
voltégé drive, and transistérs 030. and Q32 in the low voltage
drive. |

Duty cycles for. the high. and 1low voltage drives are
independéntly determined by two monostable vibrators imn a
SN54123. - The two  monostable vibrators are triggered
simultaneously with state changes in the J~-K flip-flop. ?hé
pulse length for the low voltage supply drives is preset by
resistors R82 and R84 and capacitor C78. The output of this
vibrator (pin 4) is normally high and goes low when the vibrator
is-triggered. When low. both transistors Q30 and Q32 are
switched -on pulling- down emitter-follower transistors Q29 and
031. At this time both transistors Q19 and Q20 are switched off
and no current flows in the primary winding of the low voltage
power transformer.

At the end of the monostable cycle the output of one of the
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NAND gates driven by the monostable vibrator goes low, switching
off one of the tramnsistors Q30‘or Q32 and through transistor Q29
or Q31 switching on one of transistors Q19 or Q20. Adjusting
variable resistor R82 varies ;he | standby | time of the
multivibrator, which varies the RMS oufput voltage 'of the
transformer-uithout vatying thé peak output voltage. Source
voltage for the collectors of transistors 025, 027, Q29 ahd 031,
after 'start-up from resistor R61, conmes from diodes D13 and D14
and capacitor Cé67. |

The high voltage supply is turned on when the ﬁNABLE ’line,
derived in _the timer, goes low. In the same manner as in the
low voltége sﬁpply, théA high voltaée supply duty cycle is
controlled bf a monostable vibrator. The high‘voltage suppiy;
however, is feedback regulated. If the +4 KV supply tries to'go
too high the voltage.on' the tap of variable resistor (Fig.
A1.7) R78 approaches +5 V and trénsistor Q23 switches off. This
effectively increases the series fesistance to muitivibrator pin
6 (R81 and R75 are one resistor, shown twice in the two separate
drawings),vincreasing the monostable cycle time and reducing the
standby time. This reduces the ©power available to the high
voltage power traansformer primary winding forcing the ﬁigh

voltage output to drop.
LOW VOLTAGE SUPPLY

The low voltage supply (Fig. A1.5) provides two filament

supplies and a +91 V cathode bias supply. The filament Supplies
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are unregulated'after the +26 V regulator. Filament currents to
the two triodes are controlled by variable resistors R2 and R3.
The cathode bias supply includes a full wave rectifier
using diodes D15, D16, D17 and D18 and storage capacitor Cé69.
The supply is shunt regulated by Zener diode D19 and resistor
R62. Excessive power wastage is avoided in a manner described

previously.
HIGH VOLTAGE SUPPLY

The ﬁigh voltage supply (Fig.: A1.5§ provides a +2 KV
suppiy for thé first triode amplifier and a +4 KV supply for thé
final triode amplifier. The +2 KV supply ﬁses four diodes D22;
D23, D24 and D25 in a fuli wavé rectifier amd étorage .éapacitor
c74. The +4 KV sﬁpply adds voltaée doubler diodes D20 énd D21
and storage capacitor C71. The high voltage supply regulation
was previoﬁsly described. |

The supply is over;léad proﬁected. If the load dissipétion
increaseé for ény reason the (negative) voltage across current
sense resistor R70 also increases. The drob'pulls douh.(through
Zener diode D26 and resisior R76) the RESET‘lvbltage. If the
RESET ‘ line drops tbo low transistor Q1é. sWitches off
reinitiatiné £he start-up sequence with ENABLE line high. The

overload level is preset by variable resistor R71.
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Al1.2.2 MODULATOR*

" The modulator controls éepafately the gaih of two stages of
R.F. amplificétion. The pulse amplifier gates the 20 W solid
state R.F. anmplifier, and the cathode modulator gates the first
triode amplifier. Both modulators take their imput signals from

the 50 TTL level "PULSE IN" signal.
PULSE AMPLIFIER-

Thé incoming pulse -is' buffered by a bpM8830 line driver,
(Fig. Ai.8) thén amplified/invertéd in a push-pull amplifier
constructed vfrom transistors Q8 and Q10. Resistor R71 is
adjusted so that the pulse 1length cannot exceed 200ns.  The
pulse is again amplified/inverted by transistor Q9 which acts as
a power switch for the solid state R.F. amplifier. The output

voltage swings between 0 and +25 V.
CATHODE MODULATOR

The cathode modulator (Fig. A1.9) is very similar to the
pulse amplifier. The incoming pulse is amplified/inverted by
transistor Q6. Resistor R16 is set to limit the méximum pulse
length to 200 ns. The pulse is amplified/inverted by a push-
pull amplifier constructed from transistors Q3, Q4 and Q7. The
additional emitter-follower transistor Q4 has been added to the

push-pull amplifier to boost the source current drive capability
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to transistor Q5. Transistor Q5 is the final stage of pulse
amplification. Q5 41is a high-gain, high-power transistor with
collector load including resistor R1 and the. first triode

cat hode.

A1.2.3 THE R.F. CHAIN

The R.F. chain derives the <carrier and local oscillator
frequencies by multiplying the frequency of a 120 MHz crystal
oscillator. The chain can develop 4 KW output power into 50

at 840 MHz.
THE 120MHZ OSCILLATOR-AMPLIFIER

The basic 120 MHz reference frequency is generated bz a TTL
compatiblé 120 MHz modular crystal oscillator (Fig. A1.16).
The first Stagé of R.F. amplification uses transistor Q13 as a
tuned amplifier, operating class AB. This is followed by three
stages -of tuned R.F. amplification using transistors Q16, Q15
and Q14. All three amplifiers operate class C. The first class

C amplifier uses stripline components in its tuned circuit.

X6, X7 MULTIPLIERS

" The 120 MHz output power drives the nonlinear varactor
diode D9- (Fig. A1.11) « The sixth and seventh harmonics are

isolated by stripline tuned circuits. The sixth harmonic is
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further filtered by a 720 MHz bandpass filter. At this point
the 720 MHz power level is 160 nW. This provides the . 1local

oscillator power to the receiver.,
840MHZ R.F AMPLIFIER

The 840 MHz seventh harmonic from the multiplier is further
amplified through two stages of tuned common-base amplification
using transistors Q11 and Q12 @ (Fig. A1.12) . The pulse
amplifier gates the first stage by switching the collector
current on and off.

The output power of the solid state R.F. amplifier section
is 20 W. It is isolated from the triode amplifier section by a
ferrite isoclator. |

The high-power R.F. anplifier (Fig. A1.13) uses two
microwave cavity triode amplifiers. The cathode modulator gates
the first triode amplifier by éwitching the DC level on the
cathode. This switches the triode out of and back into cutoff.
The centre frequenciesyand Q's‘of the triode amplifiers are set
by adjusting their cavity configqurations.

The output powér of the R.P. chain is 4 KW. It is again
isolated by a férrite isolator and attached to the R.F. output

connector.
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Table Al: Power Connector-Pin Designations-

DC POWER INPUT

I +30 Volts

Jd - Return

MONITOR TEST»POINTS
A Spare
B, C Filament #1
D, E Filament #2
F HV Monitor
G Reset Liﬁe

H Bias Voltage



Table A2: Transmitter: Required Major Components

Y518 Cavity Triode
Y641 Cavity Triode
840 MHz Isolator, 5 KW Peak

840 MHz Isolator, 30w Peak 120 MHz Oscillator
Integrated Circuits:

SN5410 TTL Triple 3-NAND (x3)

SN5473 TTL Dual J-K Flip-flop

SN7493A TTL 4-bit Binary Counter (x2)‘

SN$U123 TTL Dual Momostable Vibrator

MC4324 TTL Dual Voltage Controlled Muitivibrator

SE555V MOS Linear Timer
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01
Q2
03
04
Q5
06
07
08
Q9
010
Q11
012
013
Q14
015
016
017
018
019
020
021
022

Iable A3: Transmitter: Discrete Components-Parts List -

MPS-U06
2N5883
MPS-U57
2N3009
2N5430
2N4264
2N3009
MPS-3640
2N3720
2N3009
D5-28B
DM20-28B
2N3866
B12-28
B3-28
2N3866
2N2222
2N2222
2N3055
2N3055
2N3055

2N3055

023
Q24
025
026
027
028
029
030
031
032
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11

D12

2N2907
MPS-U57
MPS-007
2NU264
MPS-U07
2N4264
MPS-007
2N4264
MPS-UO07
2NU264
1N5251
1N4007
1N4007
IN914
1N5231
185253
184732
15240
vaB=810
1N4007
1N5246

1N5230

100
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TABLE A3 CONT.

D13 1N4007 c5 100pfd
D14 1N4OOT Cé 4.7pfa

D15 1N4007 c7 0.05 ufd

D16 1N4007 c8 0.1 ufd

D17 1N4007 | C9 0.0033 ufd

D18 1N4007 C10 0.1 ufa

D19 1N5377 ‘ C11 0.001 ufd, feedthrough
D20 USR-60 C12 27 ufd, 35 v

21 usg-60 c13 180pfd

D22 100S8F C14 0.0033 ufd

D23 100S8F C15 0.1 ufd

D24 100S8F C16 0.1 ufd

D25 100S8F C17 0.0022 ufd

D26 1N4T54 C18 0.01 ufd

D27 1N4007 | C19 0.001 ufd, feedthrough
D28 1N5234 €20 50 ufd, 50 V

D29 1N5230 - C21 50 ufd, 50 ¥

D30 1N914 C22 22pfd, feedthrough

D31 1N914 c23 0.1 ufd

D32 1N914 C24 0.001 ufd, feedthrough
D33 1N914 c25 7.5pfd

C1 27 ufd, 35 v C26 1-10pfd, variable

C2 100 ufd, 5 vV C27 1-10pfd, variable

C3 10 ufd, 8 v 28 390pfd

C4 0.1 ufd C29 1-10pfd, variable



C30

C31

C32

C33

C34

C35

c36
c37
c38
€39
c40
ci1
cu2
Cc43
Cll
Cu45
Cl6
c47
cu48
C49
50
51
C52
c53

C54

TABLE A3 CONT.

1-10pfd, variable
1-10p£fd, variable
1-10p£fd, variable
7.5pfd

1-10pfd, variable
1-10pfd, variable
0.001 ufd, feedthrough

0.001 ufd, feedthrough

‘50 ufd, 50 V

0.001 ufd, feedthrough
27pfd

24pfd, selected
Selecied

60pfd

65pfd

usopfd

éOpfd

04001 ufd, feedthrough
20pfd

1-10p£fd, variable
51p£fd

i-10pfd, variable
270p£ad

0.001 ufd, feedthrough

26pfd

55
56
c57
c58
c59
60
c61
c62
c63
Cou
65
c66
c67
c68
c69
c70
c71
c72
c73
CT4
c75
c76
c77
c78

c79

200pfd
75pfd

O.i—3pfd, variable
1-10pfd, variable
95pfd

300pfd

1-10pfd, variable
1-10pfd, variable
O.1—3§fa, variable
1-10pfd, variable
22 ufd, 20 vV

15 ufd, 35 v

50 ufd, 50 v

22 ugd, 35 v

18 ufd, 150 v

18 ufd, 150 v

0.1 ufd, 5 KV

22 ufd, 35 v

22 ufad, 35 v

0.1 ufd, 3 KV

3.9 ufd,10 v

0.015 ugd, 100 V
910pfd, 20 V
élpfd, 20 v

3.9 ufd, 10 V
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Cc80
C81
c82

L1

3.9 ufd, 10 v
3.9 ufd, 10 v
3.9 ufd, 10 v

RF choke

L2 3 Turns

L3

2 Turns

L4 3.5 Turns

L5
L6

L7

L8

L9

L10
L11
L12
L13
L4
L15
L16
117
118
219
120
L21

L22

1 Turn

RF chbké

8 Turns

6 Turns

8 Turﬁs

3 Turhs (leads)
3 Turns (leads)
2 Turas |
3/4 Turns'

5 3/4 Turns

3 Turns ‘
0.02 uh

.6 Tufns
8‘Turnsm
Selected

0.02 uh

0.0058 uh

0.022 uh

L23
R1
R2

R3
R4

RS

R6

R7

R8

B9

R10
R14
R12
R13
R14
R15
E16
R17
R18
R19
R20
R21
R22
R23

R24

TABLE A3 CONT.

RF choke

150 0.5w, 10%
0103 Ohmite 3
0103 Ohmite 3
2.25 , 12w
2.25 , 12w
2.25 , 124
200 variable
4.7, 12w
4.7, 12w

200 0.5, 10%
62 0.54, 10%
56 0.5, 10%
150 0.5w, 10%
Sélected.

500 variable
2K variable .
470 0.5v, 10%
470 0.5w, 10%
270 0.5%, 10%
10 0.5w, 10%
330 0.5w, 10%
56 0.5, 10%
1800 0.5w, 10%

1800 0.5w, 10%

12w

12w
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R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37

R38

R39

R40

R41

R42

RU43
RUY
R4S
RU46
R4T
R4S

R49

'390 0.5w,

270 0.5w, 10%
1 0.5w, 10%
470 0.5, 10%
2K variable
500 variable
iOO 0.5w, 10%

1K 0.5w, 10%

330 0.5w, 10%

510, 5%, 2w
0.39,
33 0.54, 10%
22K 0.5w, 10%
22K 0.5w,
22K 0.5v, 10%
22K 0.5w, 10%
12K 0.5w, 10%
10%
68 0.5w, 10%
68 0.5w, 10%

5.6K 0.5v, 10%
6.8 0.5w, 10%
10 0.5w, 10%

10 0.5w, 10%
270 0.5%, 10%

220 0.5w, 10%

wirewound

10%

TABLE A3 CONT.
R50
B51
R52
R53 .
R54
R55
R56
R57
R58
R59
R60
R61
R62
R63
R64
R65
R66
" R67T
R68
R69
R70
R71
R72
R73

R74

2M 0.5,

104

Selected
1K 0.5, 10%
68K 0.5w, 10%
1K 0.5w, 10%
68K 0.5w, 10%
1K 0.5w, 10%
680 0.5w, 10%
1. 2K b.Sw, 10%
22K 0.5w, 10%
47K 0.5w, 10%
4.7K 0.5w, 10%
270~430 RH8-5w
27&, 2w

470 0.5w, 10%
4.5 0.5w, 10%
4.5H 0.5w, 10%
0%
2M O.Sw, 10%
2M 0.5w, 10%
2k 0.5w, 10%
1200 5w

89PR 5K, variable

2.7K 0.5w, 10%

42, 25w

91T 20K, variable



_TABLE A3
R75 91T 20K, variable
R76 1K: 0.5w, 10%
R77 4.5M 3w
R78 89PR-25K, variable .
R79 1K 0.5w, 10%
R80 47K 0.5w, 10%
R81.31T-20K, variable
R82 914T-20K, variable
R83 10K 0.5w, 10%
R84 5.6K O;SW; 10%
R85 10 0.5w, 10%

Other Components:

2 Toroidal Transformers
1 720 MHz Bandpass Filter
1 30 vV,  5A Circuit Breaker

1 28 V, Tungsten Panel Lamp

R86
R87

R88

- R89

R90

R91

R92

R93

R9Y

R95

R96

CONT.

- 100 0.5w, 10%
1K 0.5w, 10%
100 0.5w, 10%
1K 0.5w, 10%
10 0.5w, 10%
100 0.5w, 10%
10. 0.5w, - 10%
1K 0.5w, 10%.
100 0.5w, 103
1K 0.5w, 10%

10 0.5w, 10%
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A1.3 THE RECEIVER

The receiver for the radio echo sounder (Fig. A1.14)
includes all the <circuitry required to perform two basically
independent functions. One part of the receiver is the actual
radio frequency receiver - a hetefodyne receiver, detector and
video amplifier. The second part includes all the digital
circuitry required to trigger the transmitter and to control an
oscilloscope, the 1latter providiag both a display and
photographic recording capability.  Since these two functions
are independent (and since future versions of the radio- echo
sounder will «certainly split these functions into two units)

their descriptions have been separated.

A1.3.1 THE R.F. CHAIN AND VIDEO AMPLIFIER

A1.3;1.1 PHYSICAL DECRIPTION

The RF converting and amplifying chain includes six modular
components; a diode 1limiter, mixer, I.F. filter, 1logarithmic
I.F. amplifier-detector and two 6 dB passive attenuating devices
(PAD's). All of the components are contained in a larger module
(the RF module, see Fig. A1.14) which can be removed from the
receiver by removing the four retaining screws around the RF
inputs. | '

The video amplifier is the only component of the RF-video
chain which is not modular since .it is wused with discrete

components as bias and gain controls. The video amplifier
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L

shares .space on a printed circuit boérd with tﬁo Dé-DC
converters and three vdltage.regulators; One coﬁverter providés
+15 vDC for the video' amplifier and +15 V fof the CHMOS loéic
circuitry. Two voltagé regulatoré reduce these to +12 VDC
required‘ for the -log. iF amplifier;detector; The second
converter and third regulator provide +5 VDC required by the

high speed TTL 1logic circuitry used to drive the transmitter

trigger and by the front panel displays.

A1.3.1.2 CIRCUIT DESCRIPTION

R.F. CIRCUITRY

This description traces the signal starting from the RF
input. Refer to figure A1l.15. The RF input is protected
against overload by a solid state diode 1limiter (DL1). . The
limiter allows any signal up to 50. mW to pass through it
effectively unattenuated. Any power applied to the 1limiter in
excess of 50 mW is absorbed by the limiter.. Saturation of the
limiter normally occurs each time as RF transmission occurs
either because of a direct wave between two antennae or because
of power reflected im the. antenna feed back through the
circulator. ‘The diode limiter is <capable of withstanding
overloads in-excéss of 4 KW in the event of a circulator failure
or a cable failure while operating with a single antenna, ‘Less
than 0.1 erg of high level energy will pass through the limiter

before it achieves a saturated state. The diode 1limiter
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requires 100ns to recover from saturation.

From the diode 1limiter the RF signal passes to a double-
balanced miniature integrated circuit mixer (M1) which converts
the signal to the 120 MHz intermediate frequency (I.F.). Power
for the conversion is provided by the transmitter via the front
panel 1local oscillator (L.O.) connector. The L.O. input power
level from the transmitter is 160 mW (+22 d4Bm). 12 d4dB of
attenuation reduces the level to 10 mW (+10 dBm), the level
required at the mixer L.O. input. The conversion 1loss in- the
mixer is approximately 9.3 dB at 1low RF levels. The 1 4B
compression levél is approximately +8 dBm of RF input . power.
Since 50 mW (+17 dBm) is the maximum output power of the diode
limiter the maximum I.F. power level attainable is 1limited by
both  the L.0O. power level and the diode limiter to about 4 nW
(+6 dBm). At this level the distortion product power level is a
significént fraction of the fundamental I.F. power level..

The I.F. signal passes through a passive filter to the
I.F. amplifier. The filter eliminates any video feedthrough
from the‘diode liniter as well as removing conversion products
and overtones coming from the: mixer. The.3 dB pass band of the
fiiier is 99 MHz to 141 MHzZ. fhe full filter characteristic is
réproducéd in Figure A1.16.

The I.F. amplifier His the <central component of fhe
receiver. Specificaliy designed by RHG Electronics Lab. : Inc.

fof éirborhe raaar systeﬁé it was fabricated using thin film
solid ‘state hybrid téchnology. Its key feature is 'its
logarithmic compression characteriétic with a useful dynanic

range from -70 dBm to +10 dBm (Fig. A1.17).. The amplifier
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provides a deiected output signal. This signél, the.basic video
signal, varies from 0.56 V at an I.F. 1level of -70 dBm (100 pW)
to 2.84 V at +10'dBm. The .logarithmic accuracy is withinAt1 dB
over more than 70 dé of dynamic rénge. The amplifief 3 4B
bandwidth is 40.1 MHz at a centfe frequency of 120 MHz. The
amplifier .output risetime -is less than 20 ns. The
I.F. amplifier is the only component in the RF module .requiring
DC power. It uses +#12 VDC at 60 mA and -12 VDC at 130 mA. Both
voltages are generated on the power supply: - video amplifier
board and are provided to the I.F. amplifier via jumpers to the
RF module.

The basic  video signal is led by coaxial jumpers to both a
front panel connector (V) and to the video amplifier input. The
video amplifier (Fig. A1.18) is needed to condition the video
signal for modulation of an oscilloscope phosphof intensity,
making the image suitable for continuous photographic recording.
The prime requirement of the amplifier is a large bandwidth.
The 6perational amplifier used here (Burr Brown 340034), a
monolithic hybrid amplifier, excels at this task having a full
power bandwidth of 30 MHz and an output slew rate of
1000 V us—1.  The amplifier is configured as an inverting
amplifier (required by the Tektronix 475.Z input) . R48 1is the
bias adjustment (Figure C€5) and R49 is the gain adjustment of
the amplifier. Power for the amplifier is drawn from the 24 VDC
to +15 VDC converter which is on the same board as the

amplifier.
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POWER SUPPLY

The receiver power supply provides five DC voltages, 15 V,
+12 V and +5 V. A Burr-Brown model 528 DC-DC converter provides
the +15VDC from the 24 V to 28 V input, with 200mA maximum
output before current limiting goes into effect. ' The +12 V
supplies are derived from the +15 V supplies by two three pin
regulators, a 78412 for the +12 V supply and a 79M12 for the -~
12 V supply.

The: +5 V. supply uses a separate discrete-component DC-DC
converter, with a maximum output of 1 A. An astable oscillator
constructed from two NOR gates, two capacitors (C11 and C12) and
two resistors (R45 and B46) provides a 400 Hz biphase clock to
alternately switch on and. off transistors Q3 and Qi. This
switching 'results in 'd: pure AC square wave on the primary of
transformer L1. The output square wave is rectified in a full
wave bridge and filtered by capacitor C10. At this point the DC
voltage may vary from +7 V to +9 V dependng on the input power
level.. A three pin regulator (7805, T0-220) drops the supply

level to +5 V. Current limiting goes into effect at 1 A.

A1.3.2 RECEIVER DIGITAL CIRCUITRY

¢

The function of the digital logic circuitry ié to pfdvide
the . control signals necessary for the setup, display and
recording of ‘the radio eého sounder signal on an intensity
modulated oscilloscopé bhosphor. The task can be divided -into

two areas: the generation and syﬁchronization of a setup
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staircase (gréy scale)Aand Binary iiﬁe signai (frame code) with
the vidéo ;igﬁél; ihevgio; séanning of the oscilloscope tréce
vertically across the screen and the selection of the grey
scale, frame code or video éignél. The circuitry éor each area
has beeh impleménted on individual printed circuit boards. The
former, <called higﬁ speed 1logic, operatés with a 1 MHz clock
frequencf, the latter, called low speed logic, operates with a
clock frequency whiéh ié a submultiplé of 68 Hz.' The two boards
operate aéynchronoﬁsly and communiéate via connections.to a

fourty conductor flat cable buss.
HIGH SPEED LOGIC

The basic 1 MHz clock frequency is derived using two ‘CMOS
inverfers ahd RC relaxatioﬁ oscillator circuitry (R32, R33, R73,
c7, C8) (Fig. .A1.19), (Fig. 21.20). The frequency is adjustéd
by R33 (pﬁlse repetition rate adjust). The oscillator is not
temperature compensated so tha£ the 1 MHz frequency should not
be used as a timing reference. |

The clock frequency.is divided by 128 through seven stages
of a binary ripple counter (4040) (Fig. At1.21).. fhe grey scale
and frame code‘are .dérived using output bits 1 through 4.
Output bit 7 defines the transmitter pulse repetition rate.
When bit 4 is high both the grey scale'and the frame code are
disabled. When bit 4 is low bits 1, 2 and 3 each translate
through a NOR Qate and an .inverfer to drive a three bit

resistor-ladder digital to ahalogue converter (R34, R35, R36,



1l

b}

by

1 MHz
clock

7 BIT y PULSE DUAL LINE Ine .
COUNTER | A  Generator DRIVER ~
: Trig
1123 4  4040 34121 545140
- )
" 4051
enable Frame Code parallel
8 CHANNEL
MULTIPLEXER
i , Frame Code serial -
¥ 4066 Q ' '
v , VIDEO IN
3“:;:“?’/1\ Grey Scale VIDEO k— : ; ~<
ladder MIXER MIXED VIDEO OUT
N
grey scale enable 3l<
frame code enable 32,
video enable YD
<

HIGH SPEED LOGIC ;

LOGIC DIAGRAM

" FIG. AL19

117



18

AN ‘ , - ' — » o - - FIG. A1.20
R31 | s ] | - |

R32 cs R73
VAN

4066 [— | 4051 A 1

1]

545140 : —1 54121

co |
= | | — | — | — ‘2 R42

= ' - —
K I(:l_l -II(J v i - ' I:Ij: ‘-L_f:l ~ HIGH SPEED LOGIC: CIRCUIT DIAGRAM

TRIG - TRIG  DISABLE ~ MIXED VIDEO '~ VIDEO 558

|

J 1
1
[ |
1]

+ e

o*r " 15y  MARK 9.




wiiz | 1111 UL LU UL LUy

Q1

o—

Q2

a3 |
o/.’|‘,

Q1+Q4

Q2+Q4

Q3+Q4

GREY SCALE —J—J_J_J_J—J—J

FRAME
CODE

FIG. A1.21 HIGH SPEED LOGIC TIMING DIAGRAM 1

611



120

R37, R38 and R39). The output is buffered by high speed
switching transistor éz and resistor Bao;, The buffered dgrey
scale is switched as required onto the ﬁixed video 1line by a
bilateral analogue CHNOS switéh (4066) . When bit 4 is high all
three signals driving the D/A converter also go high resulting
in 'fhe grey scale output being at its highest value. This high
level signal would blank the oscilloscope phoéphor.

The same three signals that drive the D/A converter, eicept
for opposite polarity, also drive the channel select lines on an
éight channel multiplexer (4051). This analogue multiplexer has
been used tq turn incoming information on eight flat cable lines
(9-16) into fhe framé code. Each signal is selected in turn for
one usecond by the sequence of binary numberé de£ermined by the
counter bits 1, 2 and 3.u When bit 4 1is high the multiplexer
output is forced to a low voltage, which after being ihverted
will blank the oscilloscope phosphor. As with the grey scale,
the multiplexed frame code is switched as required onto the
mixed video line by a bilateral analogue CMOS switch (4066) «

| The video signal ﬁhich comeé from the video amplifier onto
fhe card via the edge connector is also switched onto fhe mixed
video line by an aﬁalogue CMOS sﬁitch. When line 37 on the flat
cable‘bﬁss is high the video signal passes onfo the mixed video
line. | When linés 31 or 32 go High the grey scale or frame code.
respectively pass onto the mixed video 1line. " No 'ﬁwo of the
enabling lines can go high simultaneously.

The leaaing edges of the grey scale and framé code, whiéh
boﬁh start on the down tranéitién of the counter.ABit 4, are

synthronized with the transmitter trigger pulse which is started
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by an up transitioﬁ on ;ounter bit 7 (Fig.. A1.22). In this way
the transmitter répetition period is 128 useconds, within its
duty cycle specification. The +transmission pulse length is
determined by fhe cycle time of a monostable mﬁifivibrator. The
15 v bit. 7 transitién is reduced fo a 0-5 V transition by
resistér R31 and Zener diode D7. The risingAedge triggers a TTL
nonostable vibrator (54121) with resistor R41 and silver nmica
capacitor C9 determining the pulse length. The inverted output
of the multivibrator drives the iﬁbuts of a duai inverting 1line
driver (54S140). The output pﬁlse from'the<line drivers are
adjustable ffom 50 ns to 200 nns. Théy are éach capable of
driving a 50f) line at TTL levels. One output is dedicated as
the transmitter trigger. The other'is available as a trigger

for any other instrument.
LOW SPEED LOGIC

The heart of the.low speed iogic (Fig. A1.23) is a ranmp
genefator comprising a variable clock, ten-bit counter and a
nine-~-bit D/A converter. The ramp output varies at a constant
rate from b v tﬁrough 15 V over one of eight binary multipleé of
15 seconds. Thevramp providés a means of scanhing an intensity
moduiated oscilloscope trace vertically acréss the screen,
continuously exposing a frame of film. At the end of each
vertical scan the ramp resets to 0 V and waits for an operator-
supplied restart signai. | |

The basic clock rate is determined by resistors &R26, R28,
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capacitor C6 and 1linear «circuitry in the 2240 triggerable
integrated timer circuit (Fig. A1.24). The 2240 timer includes
an eight-bit binary counter with open <collector outputs. Via
flat cable buss 1lines 21 to 28, the front panel switch S1
selects one of these outputs to <clock the ten bit counter
(4040) < The clock iﬁput to the counter is on the return line
from S1 (flat cable line 20) along witﬁ pull-up resistor R23;

The fastest clock frequency generated by the 2240 timer is
approximately 68Hz. Thie corresponds to a total vertical scan
time. of about 15 seconds. Each successive'eutput is at exactly
half the previous frequency requiring twice the total vertical
scan time. The eight scan times available are 15s, 30s, 1m, 2m,
4m, 8m, 16m and 32m.

The scan cycle is as follows. A rising edge on the "start"
liﬁe‘(flet cable line 19) passes through diode D2 and capacitor
C2 +to set a monostable vibrator comprising two NOR gates,
capacitor C1 and resistor Ri (Fiqg. A1.25).. In addition the
"stert" pulee triggers tﬁrough resistor R27 the 2240 timer into
counting mede, sets or resets two other bistable flip-flops and
resets the' scan counter (4040). The two'flip-fiops are each
formed fronm fﬁo NOR gates. The flip;flop ;hich is set has its
output connected to tﬁe "grey scale enable" line (flat cable
line 315. The flip-flop whi¢ﬁ is reset has its output connected
to the "video enable" line (flat cable limne 33). The output of
the monostable vibratorfis connected to the clock ef en eight-
bit counter which supplies the frame code information "to the
high speed logic multiplexer.

Just after fhe start pulse, then, the frame counter is
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incremented by one count, the grey scale is enabled and the
video and frame code are disabled. The 10-bit scan counter
proceeds to count up from hex'000?'. The output of bit 10 is low
which turns off transistor Q1 and depowers "ready" indicator
lamp B2. When the scan count reaches hex'010' the high level on
bit five resets the first flip-flop (Fig. A1.26). This change
disablesvthe grey scale and enables the frame code. When the
scan count reaches hex'020*' the high level on bit six sets the
second flip-flop which enables the video and disables the frame
code. When the scan count reaches hex'200' the high level on
bit ten causes the 2240 timer to stop counting (via diode D5 and
resistor R29), transistor Q1 to switch on and Yready" lamp B2 to
glow (Fig. A1.27). The D/A resistor ladder, which wuses only
the low order 9 bits has returned to a 0 V output level.

The frame cougter may also be incremented by the front
panel switch S4 which connects flat cable lines 18 and 36. In
this way a "run" oscillator can increment the counter through
diode D1 independent of the rest of the 1low speed circuitry.
The counter outputs connect directly to the high speed frame
code multiplexer via flat cable lines 9 fo 16. In addition,
through two 40104 buffer circuits the frame count is prdvided at
TTL levels on flat cable limes 1 to 8. (It is iﬁportant to note
heré that the TTL levels areirequired for the front panel LEb
driver circuits. At the time that this circuit was designed no
CMOS compatible BCD to seven-seqgment decoders were available.
It is also important to hote here that the presence of the 40104
circuits as used here forces the obsolescence of the presented

design. The 4010A with separate VDD and VCC are no longer being
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made .since manufacturers found that there was a tendency for the
40102 to latch when powered wup in specific manners. No
alternates are available.)

The TTL level frame coﬁnt is decoded at the. front panel
into seven-segment octal by three 9317B circuits. The 9317B's
drive three seven—segmént LED displays (Fig. A1.28) allowing
the operator to preset and monitor the. frame count.,‘The
opératsr may also reset the frame count with S4 which connects a

high level signal onto flat cable line 17.
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FIG. A1.28
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Table Al4: Receiver R.F. Module Components

DL1 Diode Limiter ND-30T30 #001
Micro-Dynamics Inc.
Flat leakage 50 mW max. Spike leakage 0.1 erg max.
Recévery time 100 ns max. |

Insertion loss 0.5 dB max.

M1 Double Balanced Mixer MA-1
Mini;circuits Laboratory
Insertion loss 9.0 - 10.0 dB

LO level +10 dB

BP1 Bandpass Filter 3B120-120/40-op/o #5267-1
K & L Microwave Inc.
Pass band 99 MHz to 141 MHz

Insertion loss 0.4 dB

A1 Logarithmic IF Amplifier ICLT12040 #7-511-1
RHG Eléctronics Laboratory Inc.
Dynamic‘rangé -70 dBm to +10 dBm
Pass band 99 MHz to 140 MHz
Rise time 20ns maxX.

Log. linearity +1 dB over 70 dB
Qutput range +0.4 V to +2.8 V

Power required +12 Vv @ 130 mA max.
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Table A5: Receiver Components: Reqguired Integrated Circuits

. = et e o

7805 +5 VDC Voltage regulator

78M12 +12 VDC Voltage regulator

79M12 -12 VDC Voltage.regulétor

34004 Opefatiohal.amplifier, Burr Broﬁn
4001 CHMOS quad NOR gate (x5)

4040 CMOS 12 bit counter (x3)

4010a level shifting hex buffer (obsolete) (x2)
4051 CHMOS analogue mﬁlfipiexer

4066 CMOS éuad bilatéral analogue switch
4069 CMOS.hex inverter

2240 NMOS timer-counter

54121 TTL monostable vibrator

545140 TTL dual 5-input NAND line driver
9317B TTL seven segmenf from BCD decoder-driver (x3)
4aN3610 LED seven segment display, 0.300", Monsanto (x3)

Required Power Module

Model 528, 28 V to +15 V DC-DC converter, Burr Brown.



Q1
Q2
Q3
Q4
c1
Cc2
C3
c4
C5
Cé
c1
Cc8
Cc9
Cc10
ci
c12
C13
ci4
Cc15
c16
c17

c18
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Table A6: Receiver Discrete-Components Parts List-

2&4238IV
2N301ﬂ
2N4238
2N4238

17 ufd; 16 V
17 ufd, 16 v
3.34ufé

1000 pfd'

3.3 ufd

3.3 ufd

470 pfd

470 pfd

90-pf silQer mica
47 ufd, 16 v
1000 pfd

1000 pfad

22.ufd, 35 V

22 ufd

41 ufd, 16 V

15 uf&, 35 v

1 ufd, 250 V

22 ufd, 16 V

Dﬁ 18914

D2 1N914

D3 1N9i4

D4 NS4

D5 18914

Dé 1INS14

D7 5V Zeﬁer, 1#, DO-7
D8 1A silicon‘rectifier
D9 IA silicon rectifier
D10 1A siiicon rectifier
D14 1A silicon rectifier
Ri 27K 0.25w, 5%

R2 27K 0.25v, 5%

R3 33K 0.25w, 5%

R4 100K 0.25#, 5%

R5 100K 0;25u, 0.4%

R6 50K 0.25w, 0.4%

B% 100K 0.25w, 0.8%

R8 50K 0.25w, 0.8%

R9 100K 0.25w, 1%

RiO 50K 0.25v, 1%

R11 100K 0.25w, 1%



R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34

R35

50K 0.25w, 1%

100K 0.25W, 5%
50K 0.25w, 5%
100K 0.25w, 5%
50K 0.25w, 5%

100K 0.25w, 5%
100K 0.25w, 5%

50K 0.25w, 0.2%
100K 0.25w, 0.2%
100K 0.25w, 0.1%
50K 0.25w, 0.1%

10K 0.25w, 5%

1K 0.25w, 5%

18K 0.25w, 5%
10K ten turn
47K 0.25w, 5%
3990 0.25w, 5%
47K 0.25w, 5%
1M 6.25w, 5%

270 0.25w, 5%

1800 0.25w, 5% (x2)

1K ten turn

10K 0.25w, 5%

10K 0.25w, 5%

TABLE 46, CONT. .

R36 10K 0.25w,

R37
R38
R39
R4O
R4
RU2
R43
RU4Y
R4S
RUG
R4T
R4S
R49
RS0
51
R52
R53
RS54
55
K56
R57
R58

R59
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5%

10K 0.25w, 5%

4700

0. 25w,

5%

4700 0.25w, 5%

470 0.25w, 5%

2K ten turn

4700
5600
5600
220K
220k

0.25

6.25u,
O.ZSw,
0.25w,
0.25w,
0.25w,

w, 5%

5%
20%
20%

5%

1OK ten turn

10K ten turn

12K
1K 0
180 -
180
180
180
180.
180
180

180

0.25w,
«25W,

0.25w,
0.25w,
0.25w,
0. 25w,
0.25w,

0.25w,

0.25u,

0.25w,

5%

5%

5%
5%
5%
5%
5%
5%
5%
5%



R60
R61
R62
R63
R64
R66
R67
R68
R69

R70

180
180
180
180
180
180
180
180
180
180

180

B2 28 V

0.25w,
0.25w,
6.25w,
0.25w,
0.25w,

0.25w,

0 - 25“,

0.25w,

0.25w,

'0_. ZSW,

0.25w,

5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
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TABLE A6; CONT.
R71 180 0.25w, 5%
R72 180 0.25w, 5%
L1 106S, Hammond
s1 8 pdsition rotary, Grayhill
524MTA-206SA, Alcb
S3 NTA-206S, Alco
S4 MTA-ZOéS, Alco
S5 push-on, push-off, SPST,
Grayhill
S6 MTA-206TA, Aico

B1 28 V tungsten panel lamp

tungsten panel lamp
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A1.4 THE SWITCHING REGULATOR POWER SUPPLY

The following descriptions are excerpted in part from the
ARRL Radio Amateur's Handbook (1975), and from Delco Electronics

Application Note #49, (1971).

Switching regulators are used when it 1is necessary or
desired to minimize power losses which would otherwise occur in
the series pass transistor with large variations in input or
output voltéges. The basic operation of the switching
regulator, known as the flyback type, may be understood by
referring to Figure A1.30a. Assume that the switch is closed
and that the «circuit has been in operation long enougﬁ to
stabilize. The voltage across the load RL, is zero, and the
current through L is limited only by ﬁI, the internal resistance
of the inductor. At the instant that the switch.is opened, the
voltage across the load goes to a value higher than the source
voltége, E, because of a series-aiding or "flyback" effect of
the inductor. When the magnétic lines of flux about the
inductér collapse completely, tﬁe voltage across RL will be
equai to that of the source (minus the small voltage drop acfoss
RI). Each.time the switch is closed and then' opened, the
procesé is repeéted. By opening and closing the switch rapidly,
voltage pul;es may be applied across RL wﬁich are higher than
the bC input voltage. A capacitor may be cbnnected across'RL to
produce a DC output voltage. To vkeep the capacitor fron
dischargiﬁg when the switch is closed, é diode can be connected
in series with the load and its paréllel-connected capacitor.

In a practical switching-regulator circuit the switching is
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performed by a transistor, as shown in Figure :A1.30b. The
transistor may be . driven by any number of circuits. 1In the
circuit used (Fiq. 311.31) four sections make up the driving
circuit, as shown in the!block diagram form in figure A1.30b.
The oscillator +triggers the monostable multivibrator . -and
determines the frequency of operation. The sensor measures the
output #oltage and controls the pulse wid£h of the multivibrator
accordingly. The monostable multivibratér combines the signais
from 'the oscillator anrd sensor to produce the cérrect puise
width;, The dfiver feceives the'mﬁlfivibrator output and dfi&eé

the power transistor Q1.

A1.4.1 PRACTICAL CONSIDERATIONS

The voltage step-up capability of the inductor has been
discussed briefly. However, in choosing the value of the
inductor, energy is an important consideration. During the time
the trénsistor is turned on, the inductor stores energy. This
energy is added to the supply and delivered té the load when the
transistor is turned off. The total energy must be enough ' to
supply 'the 1load and maintain oufput voltage. As the load is
increased, the transistor must remain on 1longer in order to
store more energy in the inductor.

The required value. of inductance depends on fréquency of
operation, duty cycle, and load. A lihear change in currént
through the inductor. is a desirable condition and indicates
operation is over a small segment of the inductor's charging and
discharging curve. The powdered iron core used for the inductor

has a low mu, and therefore a large inductance change is
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unlikely with increased current.

Efficiency of the circuit depends mainly upon the switching
énd saturation losses of the power transistor. The peak current
through the +transistor is considerably greater than the input
current. The flyback diode (D1) must have a fast reverse
recovery time 'and 1low forward drop. There will be a large
current spike through the transistor if the diode is slow. The
diode wused in the circuit has a forward drop of 1.4 V max., but
is used because of its trr of 0.1 us.

Output voltage variations resulting from changes.in ambient
| temperature are caused by two major factors: positive
temperature coefficient of  the Zener diodes, and the negative
temperature coefficient of the emitter diodes of the
transistors.

The efficiency of the «circuit drops off at low power
levels. Tﬁis is'due to the fact fhét the losses of the circuit
are not proportional to the output power. Maximum efficiency
occurs at about 80% ofAfull power.

Regulation over the power outéut range is less than 0.6%.
Wheﬂevefi the inpﬁt vol£;ge ineéeases'above 28 volts, the outéﬁf
voltage tracks the input; The difference between the two

voltages is the drop in the flyback diode.

Al1.4.2 CIRCUIT DETAILS

The .principal components, L1, Q1, D1 and C1 are physically
large and occupy most of the space in the regulator. Q1 is a
10A. Darlington transistor ‘im a TO-3 case. C1 includes tvwo

capacitors each one capable of sustaining full load, so that the
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regulator can remain serviceable should one of the capacitors
fail.

All the transistor driving circuitry has been placed on the
printed circuit board. ihe oscillaéor, which includes R13, R14,
R15, C6v and Q6, is a norméllunijunétion transistor oscillator
éperating at about é KHz. It is coupled to the monostable
multivibrator through C5. (Q2, and Q5 are the two transistors,
along with biasiﬁg and timing components R4, R6, R8, R11, R12
and C4, which form the monostable vibrator. Pulse width
modulation is achieved by injecting éurrent into the base of Q2.
R1, Ré, Rb,Api, C2, Q3 and Q4 forﬁ the output' voltage sensing
circuitfy; R9, D2 and C3 form a reference voitage,

| In the quiescent state‘ Q2 ié conducting and Q5 is non-
cond;cting. YWhén 05 is triggered.on b} a pulse from Q6, through
C5 Q2 is turnédv off by a neéative pulse +through C4. The
relaxation.fime of R8 and C4 défermine the.maximum duty cycle of
Q2. If the'output voltage ié sufficiéntiy high the voltage on
the tap of P1 approaches the reference level of D2. Q3 turns
off and Q4 turns on, driving the bése of Q2 from the collector
of Q4 and reducing the "off" duty éycle of Q2. This reduces the

"on" duty cycle of Q1 which completes the feedback loop.



Switching Requlator Parts List

Q1 DTS 1020, Delco

Q2 2N930

Q3 2N3251

Q4 2N3251

Q5 2N930

Q6 2N1671B

Cc1 22,000 ufd, 35 Vv (
C2 50 ufd, 15 v, 10%
C3 220 ufd, 25 v, 10%
C4 680pfd, 10%

C5 0.0033 ufd, 10%

c6 0.033 ufd, 10%

D1 1N3889

D2 18 V, i watt Zener
R1 1200 0.5w, 5%

R2 1800 0.5w, 5%
liiscellaneous:

R3
R4
R5
R6
R7
R8
x2) R9
R10
R11
R12
‘BR13
R14
R15
P1

L1

220 0.5w, 5%
1500 0.5w, 5%

6800 0.5w, 5%

1800 0.5w, 5%
150K 0.5%, 5%
680 0.5w, 5%
62K 0.5w, 5%
1800 0.5w, 5%
1500 0.5w, 5%
680 0.5w, 5%
120 0.5w, 5%
47K 0.5w, 5%
500 Oohm, 10 Tucrn
1.1 mH, 16AWG on

Armaco FBC 'core

Wafer switch, 4 position, single pole

Tungsten panel la

Panel meter,

50 vDC,

mp, 28 V

KM-48,

Hioki, with diode

HKP Buss fuse holder, with 7.5 amp fuse

144
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A1.5 THE CORNER REFLECTOR ANTENNA

The University of British Columbia radio echo sounder uses

a two -element, 909 corner reflector antenna. At 840 MHz,
reflector type aperture antennae are convenient both in
construction and application, and provide a high gain

performance with relatively 1little sophistication. The 900
corner reflector compares' favourably in forward gain with the
"ideal" parabolic reflectorL and also reduces the 900» sidelobe
level, .important in consideration of air path reflections from
valley walls. Forward gain of the University of B. C. antenna
is 15 dB over isotropic, 10 4B provided'by the corner reflector
(Fige. A1.32), 3 dB from the double driven elément and 2 4B by

the dipole radiators.

A1.5.1 DESIGN DETAILS

The two driven elements, electric half-wave dipole
radiators, are located approximately 0.4 (150 mm) from the
apex of the corner. Their centre-to-centre spacing is 1.5\
(536 mm). At these points the nominal radiation resistance for
each dipole is 100 (see figure A1.33). Each dipole is fed
separateiy by a 1008 coaxial cable. The 100 § coaxial cables
form a "T" junction with a 50 coaxial cable at a point which
is an exact multiple of a half wavelength from the dipole feed
centres. The 50§l coaxial cable is the power feed <connection
from(to) the radar transceiver. 1In this manner the dipoles are
driven in phase with corresponding gaim in the forward

direction, and with an enhanced null in the E - plane 900 side
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lobe direction.

The dipole elements were designed and constructed for the
Univeréitf of British Columbia radio echo sounder by Sinclair
Radio Laboratories Ltd., Burnaby, Canada. Each dipole comprises
a broadband dipole -element, balun and a PVC radone.
Construction details are proprietary.

The reflecfor is fabricated of T6 aluminium tubing and
channeling (Fige A1.34). Each side of the reflector comprises
eight 0.375"% (9.5 mm) tubes suspended at 1.75" (44 mm) centres
in 0.75" x 1.50" (19 mm x 38 mm) channels and held in place by
rivets. The reflectors and dipole centre supports are bolted to
two galvanized steel brackets, which determine the angle of the
reflectors. All hardware is type AN.h

In addition to the two driven elements a third parasiﬁic
element has been placed.‘precisely half way between the two
driven elements, and is held in place by a fibreglass extension
of the radomes. The principal function of the extra element is
tobimprove the VSWR of the antenna by isolating the two driven
dipoles. - The parasitic element consists of an aluminium tube
approximately 20 mm diameter and 10% longer than 0.5X .

The effect of the parasitic element is as follows. 1In the
absence of a parasite, static RF fields around each driven
element induce currents with 1.5 cycles delay in the other
driven element resulting -in ‘power returning into. the antenna
feed and a poorer VSWR. The parasite interferes with the static
field reducing the cross-over currents considerably.

The effect of ;the parasite on  the. antenna pattern is

minimal. RF fields at the parasite are 0.75 cyéles behind in
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FIG. A1.34 THE CORNER REFLECTOR
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phase those being radiated at the driven dipole centres.  The
parasite must then reradiate power 0.75 cycles ahead of that
being radiated from the driven dipoles. The slight elongation
(relative to 0.5X ) of the parasitic element requires that the
phase of the reradiation be advanced still further (cf. Jasik,
H., 1961, reflector elements in Yagi antennae, p. 5-6).. The
net effect is thét power reradiated from the parasitic element
interferes constructively in the forward direction, with power
being radiated by the driven.dipoles. Assuming any reasonable
parasitic element parameters however, results in additionmal
forward gain being considerably less than 1 dB. Figure A1.35
shows a series of theoretical antennae patterns based on this
model. G. . and H are E =~ plane and H - plane patteras
respectively, for an antenna with - a parasitic element
reradiating power with 0.15 cycles phase lag delay and 10% power
relative .to power radiating from the driven elements. These
patterns are probably closest to the real antenna pattern. A is
the pattern calculated for the same antenna with no parasitic

Ay

element.

—-— - —— P D WD i WD - W W WP WP WP D D P W D W b - D . P - —— P P D e D G — — - — W — -

overleaf: Figure A1.35. Theoretical patterns for various corner
reflector antennae. Each pattern has assumed the presence of an
ideal 909 corner at 0.4 A spacing, with two driven dipoles. Only
the ©parasitic dipole  parameters have been varied. Pattern A
shows the estimated pattern with no parasite present. = The
number above each of +the other patterns represent first the
assumed radiated power of the parasite relative to the driven
dipoles, second the phase lag of the parasite radiation relative
to the driven dipole radiation.  The patterns plot relative
power versus angle.
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A1.5.2 CALIBRATION: VSWR AND FORWARD GAIN

Voltage standing wave ratios have been provided by Sinclair
Radio Laboratories Ltd.: VSWR is 1.14 at the centre frequency
(840 lMHz) and approximately 1.4 at the band edges (+20 MHzZ).

The forward gain of the anténna has been measured ét

vertical incidence over a lake by using the relation

P N2 62 e—.lOML
Pr B 64v?

where Pp and P+ are received-and transmitted power, r is the
antenna altitude and L is the system losses in dB. The water
surface has been assumed to be a perfect reflector.

figure A1.36 is_an echogram recorded over Kluane Lake. It
was flown at 165 m above the surface (1.1 us delay). and shows a
clear specular reflection with received power of +2 dBm %2 dB.

Pertinent data are.in Table a8. It follows that

26 - (14 + 81) = -64 dB + 2 dB or G = 15.5 dB + 1 dB.
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Figure A1.36. An A-scope echogram over Kluane Lake

The first pulse is the transmitted pulse. The second pulse
is a +2 dBm reflection from the lake surface. The third pulse
is a multiple reflection off the aircraft. The echo delay is
1.1 us indicating an aircraft clearance of 165 n.
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Table A8: Forward- -Gain-Measurement  Data-

Transmitted power (4 KW) 66 dBm
Received Power 2 dBm +2 4B

System Losses:

Circulator Imsertion Loss 0.50 4B
I.F. Filter Insertion Loss 0.4 d4B.
Diode Limiter Insertion Loss = 0.1 dB
Mixer Conversion Loss 10 4B
Cakle Losses 2.7 4B
VSHR Losses <1 4B
Total Losses: 14 4B

Geometric loss factor -81 4B
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APPENDIX 2: TRAPRIDGE GLACIER AND HAZARD GLAGIER- FLIGHT LIN

-_— ——— e o . i . e ——— . o

MAPS

Figure A2.1 shows the p&sitions of all controlled flight
lines on the Trapridge Glacier. The map is a composite of three
flights made on August 28 and 29, 1976. Ice depth data was
successfully recorded along approximately 80% of these lines.

Figﬁre‘ A2.2 shows the positions of all controlled fligh£
lines on the Hazard Glacier. Depth data weré successfully taken
along appréximately 90% of these lines. The higher density was
acﬁieved by arranging for récorder dead time to occur at the
glacier bounda?ies. |

The three triangles on Figure A2.2 represent thé three
drill sites occupied during the surfaced based part of the fieid
work (ﬁapoleoni and Clarke, 1978). The asterisk represeants the

location of the frontispiece photograph.
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APPENDIX 3: DIFFRACTION FROM-A LINEAR RIBBON SCATTERER -

i .

To decide if it is possible to detect a linear scatterer of
spherical waves it becomes necessary to model the diffracted
field for predetermined transmitter and receiver antennae.
Three assumptions are convenient: that polarization effects are
negligible, i.e., we need only to solve for the scalar wave
solution (Berry, 1973), that the transmitter and receiver
antennae are at the same location, and that the scattering
object is horizontal.

The model used here assumes that the linear scatterer may
be modelled as a flat, narrow ribbon with unit reflectivity.
The width of the ribbon must be small in comparison - to the
dimension’ of a Fresnel ;one; but sufficiently vlarge that
neglected Y"edge" difffac£ion térms afé small relative to the
total diffracted tern. (A very fhin line scatterer (smaii
diameter relative to A ) scatters radiation always polarized
parallel to the line (Huynen, 1978). With our 20 cm wavelength
such small line scatterers likely will not exist in glaciers.
This does not imply that scattering objects which db
preferentially polarize backscattered radiation won't exist.

Objects shaped like small dipoles will also have this property.)
A3.1 COORDINATE SYSTENMS

Three- systems are useful for the following analysis. A
réctilinear system, referenced to the aantennae locates a point
(X »X2,X2)  on the object (Fig. A3.1)." X" is the depth of the

object below the antennae, X2 is the distance to the point
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FIG. A31 SCHEMATIC OF RIBBON
SCATTERER MODEL
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parallel to the E-axis of an antemna, X3 is the distance to the
point normal to the E-a#is of the antenna. Assume that all
dlstances are measured in wavelengths.

Define a polar system relatlve to the antenna Hlth 8 the
off-verticai angle, A+ (see below) the a21muth relative to the
antenea E-axis, and R the radial distance. |

A third system willvalso locate a point on the scatfering
object. Let /3 be the minimum off<vertical angle to points on
the object. This defines a horizontal vector D normal to the
object. Let o be the azimuth of the vector D relative to the
antenna E-axis. ‘Let the endpoint of D define the origin of an
L-axis along the object, with L increasing as increases
through zero. It follows that

D= DI = Xi tanf
X2 = -Lsino + Dcoso

X3 = Lcosa + Dsin . (A3..1)

It follows that

smav + cos a }fonﬁ'
' (A3.2)

L
-5 A
———’-={—ls—cosa +sin a }tonB

and
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Sy 2 2
ton28 = Xz +X3§ . {_L_ + l}tun'B
Xt - D? ‘
K (3. 3)
= L_ & tan®B
X s
and that
’ (A3.4)
10n¢':_|—_ :AL cotB_ '
D ' .
By intfoducing a parameter § = L/ X, these reduce to
8= 8(&,B) = arctan{&? + tan?g)"?
| (A3.5)

b= (& ,B’_‘) = arcvtan(E cotB).

A3.2 THE KIRCHHOFF INTEGRAL

The followihg analysis is modelled after Berry (1972). The

AT .

received electromotive force (ENF) from a linear ribbon
scatterer may be estimated with Kirchhoff's formula (see eg.
Longhurst, 1957, p. 192, eg'n 10-15). Assuming Xi >> X\ , which

is reasonable during echo sounding,
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' (A3.6)
dv = — 43 F{1-2R/c)cos@
2 rcR?

where d¥ is the received contribution from area element dZIL,
and F 1is a quasisinosoidal wavefunction of finite duration.
(See eg. Longhurst, 1957, p. 193, eq'n 10-16; Berry, 1972,

eq'n A-1). Integrating over the horizontal plane,

v()= 5 | F'“‘:,R’Cl Xi ¢
. 2;1 ff F'(t-szR:/c) ’é: s
- (4 2

- zﬂlff F (1R)2(lR/c) ["%]dz

(A3.7)

where S=(X;2+ X,32)1/2 is the 1length of the horizontal vector
§=(X},X3) from the subantenna point to a specified point im the
horjzontal plane. Since

S? §-5=5-%R (A3.8)

it follows that
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O R [ S
| | | | (13.9)

By vector identity (see, e.g. Panofsky and Phillips, 1962, p.
471, eg'n 7)

Ty R =ATy + yTA

~ g, FU-2Rilg . SGE(-2R/c)
' - h Rsz o I?zX| V

+ F(1—2R/C)Vs-‘[ész-*] (43-19)
: <.

By the divergence theorem the integral over the Ileft side of

A3.10 vanishes (see, e.g. Stratton, 1941, p. 429, eq'n 34).
Thus

ffF(1-42R/¢)'\7s[R§x'] P>

{

. [[S-BFU-2R)
R X |
- _ 2 (fF't-2R/c) ‘—_i— -
= i S- %R dZ (A3.11)

Thus with A3.9
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—I ffF (t-2R/c)

\I/(t)’, Rx. ds +

+ —-—ffF-(t 2R/c)Vs X]a): -

Evaluating the divergence term in the second integral

vs'["ﬁ%('.]f aiz [x.(xﬁ;,: + X2 ]

d X; )
+
X5 [x.(x. +x:+x,’)]
2 X (X 24X 4% ) = 2 XX = 2XiXy
X|2, ( X.’ +Xzz+X3z )z

2%
X2 (X2 +X24X:2)2

i 2X| - 2Xl -
(XE +X, "+ X5)* R* ’ (13.13)

Thus with A3.12

v()-zﬂc[ Al ZR/C. 4z +—ij(t 2R/c)—d2

(A3.14)

Since F is quasi—Sinosoidal with predominant frequency, say e, »
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v~ N .
» 'F E—] wo | Fl
' (A3.15)
As assumed A << Xi,R  hence
| _l- << —e
R C (A3.16)

Thus the second term in the integral can be neglected, and

. F'(t-2R/c)
.\I/(t) = 2”[[ RX. az | (A3.17)

The effects of antenna patterns weight the integrand. For

transmitter pattern (3 (9 %) then

| o=l F'(1-2R/c) o
v (t) = 21rc[f RX, G, d= (33.18)

If the 1linear scatterer is modelled as a narrow ribbon of
constant width with unit reflectivity on the «ribbon and zero
reflectivity off the ribbon then 43 can be replaced by 4L or by

Xid¢ and the integral becomes a line integral

=1 M F —2R/c‘) | (23.19)
M= g {. RX. Gy dL aw

where dw runs across the width, W, of the —ribbon. £  Two
assumptions are required for this expression; that the ribbon is

sufficiently narrow that across its width the integrand is
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effectively constant, that effects caused by the discontinuity
at the ribbon edge <can be ignored. The first assumption
requires that the width of the ribbon be, at any point, well
within one Fresnel zone. The phase difference across the

ritbon, Py

Pw = {X.’+ [xz+wcos;¢+a)]t+ [X, wsm(¢+¢) ] }
—‘{X-z +[X2— Wcos(2¢+a)]z+[x3_ W sin (; +a) ]2 }IIZ

e

2
= {x.’+x:+x,2+% + [xzw cos(¢p+a)+ Xswsin(p+a )]}

e

- {X.‘-l- X3+ X:+‘-— —[szcos(¢+a) + X,wsin(¢+a)]}

4
(A3.20)
The maximum for P occurs at ¢ =0 since
ad (X,wWcos(p+a) + Xywsin(gp+a))
¢ (33.21)

= —wX, sin (p+a) + wXycos(p+a)=0

if and only if ¢ =0. At this point (the L origin)
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e

'. ‘PWmox = { +(D +—)} {XI (D- __)z}

= {X.z +D’+!‘—2- ;-DW} {X. +D’+ wio_ Dw}”z
e | "z

{re* +Rowsing } — {Ro -Rowsm,e}

R . . (A3.22)

IR

where R 2 = X, 2 + D2 and we assume W<<D,X, . It follows that

- wsinB, _ o _ WsinB,
Pwmax & (Ro + > ) = (Ro P ) (33.23)

Thus the assumption is satisfied if Wsinﬁ?<<1.,

Because of its quasi-periodicity we shall take

: Ion

F(t) = Ae

Thus the rétatdedéiiﬁe derivative
(A3.24)

it -i4nP(8,8,X
F'(t) = viwoe' ° Ae l (6, ¢,%)

where A is an arbitrary amplitude, P is a phase .delay function
éxpressed in cycles which determines the retarded poteatial
relative to the L origin (see below), énd the time dépendencé
has been factored out. The.i indicates a ™/2 phase shift and
can be neélected in this calculation.

The effective field strength as'measured by the receiver
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antenna also weights the contribution from the scatterer by a

gain factor (3R69,9Q. Thus

w, AW GTGR e-i_4_1rP(0-, 4"X')d£ (A3.25)

Vv =
: - Xe R

where the Jdependence of 9 and < on j are as stated in A3.5.
Finally, if the transmitter and receiver anteanae .are rotated by

&y and dR‘with respect to the linear scatterer then

‘v 9 : | . y | ) - 5.
K/GT( .»°T+¢‘F)?GR(0-“R+¢) . '4'_P(e’_¢’x‘_)_d€ - (23.26)

with K = w,Aw/2mc. For the S ,‘B coordinate system since

R2 = L2 + D2 + X,2 | (13.27)

and

(R - cP)2 = D2 + Xi2 ' (13.28)

then

cP = ( L>+ D* +X& )'* = ( D2+ X.*)"®

. Lyl v D2, w2y
. x.{(( i) 1) (™)

= X {~(é2+1onzﬁ+l)"2— (tan 2,f3+l)”2} _
' (13.29)

lX.v{(£2+secz_B "2_ sec B }

The Kirchhoff integral may be rewritten
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e"l41rp(9,¢,)(|) df

Vv = % fG(GI,aT+¢)G(Q,aR+¢) cbse

(A3.30)

where the antennae gain functions have been assumed to be

identical.
A3.3 NUMERICAL RATIONALIZATION

The integral is not yet numerically tractable because

e—‘4“43is a rapidly varying function of § . We wish to let 4P

become the integrating variable which requires having the

inverse function of P. For a given Xi, P we have

(A3.31)

X.{(é *+sec’B)'® - secB}'= P

Then

o S (A3.32)
P . . .)2> . e
£ = ¢{(-)(-; +secp)® — sec B} -

and
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gé = - P ' !< | 12 ‘Zk_:+seCB).§T
: 24— +secB)? — seczﬁ}
3 Xi
. XisecB | ,
_ WL = |  (A3.33)
. ¢ _ XisecB s/2
-{', + 2 P }

The Kirchhoff integral then becomnes

| v o= v%O/?G(B,a.F@G(B.aRﬁ#)*’G(e,a -¢)G(Q.aR-§):}.

: Ro -
_ ~ N+ —
-i4wP ! P

v{|+2R°

'COSG e 112 dP . :(A3.34)

5

where the integral has been rewritten to account for the
duplicity of _f as a function of P. The integral has been
written to run from O to o . The integral from -o to 0 has
been folded onto the positive limb by adding G(6,%- 4’)6(9) - ¢
to the positive ¢ arguments at the same P value. Again note
that 8 and <# are functions of_f , and thus are functions of P.

The integral is now in a numerically tractable form. The

pole at the origimn is removable by subtracting
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G(B,a )G(Ba )cosBe'4"P —?F-)Bo - (A3.35)

from the 1ntegrand since as P tends to 0O

|+53 —’{&}uz

/2
{|+2 —}
Note that a factor of two has been absorbed into the radical

from the duplicity at 4>=O. The value of the pole is

G(ﬁ "T)G(B “R)COSB fjp | dP . (2X: secB)"

=i - o

(A3.36)

(6radshteyn and Ryzhik, 1965, p.420, eq'ms 3.757.1 & 3.757.2)

Set

JP) = {6(0,0+916(8,a+¢) + GL8,a7$)G(8, 07 4 }

~

"Ro - ' (A3.37)
1+ -—‘ _ Ro7"2
-cosf - e — G(B, aT)G(B,aR) cospB [2—[;'9']
{I + — ‘
with _ = ,<__;4fﬂg-,m,_f,m_{:ji__i 7 S S —
| R (A3.38)
sec & = sec B (|+—F%)

and o
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(A3.39)

tan ¢ =0 csc B

A3.38 and A3.39 .follow from A3.5 and A3.32. From A3.5
tan®g = éz + tan®p
= sec’d = £ 2 + sec’B
~ Xl(secg—‘secB) = P

— Xisec§ = P+ XisecB = P+Ro

o (B3 ween (B e

X

Also from A3.5
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tang = E’cotB‘

€ 2cot’B = {(S(E.- + secB_)2 - »seczﬁ} cot_ZB

{ P + EXPTsecB} cot?g ={. P.-z- + 2p }cotzpseczp

— tan’¢

X2 X sec®8  Xisecp
- 2Ro -
|+ 2{ } L+ =
. XisecB. P 2
= pE . cs¢ g = pt cec“B
X2 sec’B ' S RJ
{ 2RO llé . '
| + 1
- tan¢ = cs
é Ro ch
P
A3.4 NUMERICAL ANALYSIS
. . (4 P
Consider a full cycle of P, i.g8. € where P goes from

N to N+ . If we break up the interval into four equal
intervals (N;N¢1/8), (N¢1/8,N+1/8), (N+1/4,N+3/8), (N+3/8,N+1/2)
we can evaluate the integral piecewise. for the realf and
imaginary termns. Call J(N)=J°, J(N+1/8)=d1, J((N+1/4)=32,
J (N+3/8)=33, J(N+1/2)=J4 and assume that the. function J is
piecevwise linear on the subintervals. Then the integral may be

evaluated as follows (see Fig. A3.2):
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;\F(N*':-)

FIG. A3.2 KIRCHHOFF DIFFRACTION
PICTORIAL OF NUMERICAL MODEL
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Real component =

78

(N,N++)  [(J°+8PAJ ) cos 4P dP
o

178

(N+£,N++) . = [(J' +8PAJ Isin 47 P dP
| o/ | - |

e

CIN+E N+ ) =[P +8PAU) cos A TP dP
» . o ' _

t/e

(N+2,N+ )+ (JP+8PAS )sin 4xP AP (23.40.1)
o . ' o S ,

Imaginary component =

e :

— [(J°+8PAI®)sin 4 *P dP.
o - L

ve '
= [(J' +8PAY Ycos 4wP dP
° , o 4
e

4+ [ (U +BPAU)sin 4 7P 0P

N 17

".’f '(J3+8PAJ3‘)COS47.P dP (23-40.2)
5 .

where AJVY = JgV¥+1 - g%,

By changing to variable x=8P, the eight components becone



Real components:

!
T f(J°+xA_J°)cos Fx dx
o

S :
-+ [+ xa9 )sin Fx dx
.0 -
- '&'/(Jz+ xAJ? )cos & x dx
o] . .
I : _
+ 4 [ WP+xad*)sin Fxdx
v W

Imaginary components:

1
- —,',-f (U +xAJ%)sin Fx dx .
(o] . _
l ‘ .
-+ J(J'+xAJ')cos L x dx

. t- |
+ 3 f(dz+xAJz.)sin_ =+ % dx-
o . o

. 1 '
+ 3 f(d’+xAd’_’)_cos_-%xdx
SLE

Noting that
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(A3.41)



. i2 .
T . 2 . 2
‘/'cos = xdx = fsm < xdx = - sinydy = &
o o : T :
' T2 T2
: v 4 4 .
/XCoszlxdx = f —ycosydy = —g[cosy+y5|ny]°,
o - o’ W : LA ‘ ;
= AL |
’_2 2
{ : 12 B : mi2
| fmin Ixdx = ﬁysin yd = [Si'n y—ycosy] v
[o] A . .O : R -]
. 4
T w2
the eight terms reduce to

Real components:

a7 (WO +AAL°)
-+ (V' +BAJY)
— a7 (VB+AAS?)

+ 3% (U3+BAJ? )

where A=(%—%) and B=($J.

Imaginary components:

= (PP +BAY)

- a7 (4" +AAd")
+ 55 (JB+BAJE)

+ 4= (U3+AAU3)
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(A3.42)

(A3.43)

Reformulating in terms of the Jd¥'s
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Real components: Imaginary components:
= {eu-area H{va-Br+'B
0 (-B-dtB - =J'(-A)-JtA
_JE(1-A) - P A + 92 (1=B)+J*B |
L - i | (A3.44)
+J3(1-B) +J'B} F U3 (1-A)HIA}

These reduce to

Real components: Imaginary components:
L {.‘J°v(l‘— A) +J'(A+Bw-.l)_} | .,'—,,{‘J°(|—B') + J(A-B-1)
+ J¥(A-B-1) +J%1-B-A) + U3 (1-A-B) + S(14B-A)
+J44B)} A} -
S » ’ ' S : (A3.45)
But V . N . T T . h——”:
" A+B-1= |I-A-B= 0"
- A-B-l= - —
Jo and J¢ oféfiap on consecutive cycles. Thus for real

components odd n contributions vanish and for imaginary
components even n contributions vanish. All sustained terms
have coefficient 1/42. Thus a numerical formulation of the

integral which assigns a single summation teram to each piecevise
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linearly weighted quarter cycle of the integrand is

Vo= xi." {[2{7-]6(3.(: )G(B.a )COSB(ZX-SeCB)'”
L Ty e ]

(A3.46)

A3.5 PHYSICAL REALIZATION

Equation 23.18 is an exact solution for the isotropic

radiator since -

¥ (1)

F'(t— 2R/c)
21rcf _dz, .

- "’7“ F'(t—'zR/c)
ch 0 ’ Xi R
-1 fm F'(t — 2R/C)

_XN: R

SdSd¢

SdS

RSN
o [ F(t-2R/c) R

| =l -c .. F(1-2X./c)
! Xic 2 F“ 2Xx/c) = 2X,

- . | (A3.47)

——— —

— - [ —

We can show that A3.18 is also a reasonable expression for a

large class of anisotropic radiators. Assume that a radiator
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has a cos d distribution. Then

_ - F'(t-2R/C) e,
v (t) s f R cos'@ dZ
;1-.>a> .A“ o ; o
: — '(t- ) ¢ dR. A3.48
— / P -2R/c) cos (33.48)

. X

Integrate by parts

Y (e g {——F(t—ZX./c)"' _fzx. F(1-2R/c)dR }

E '—XZ‘-E{[,F'(t-ZR/c')dRm ~F(1- 2R/c)dR} (23.49)
X

RS

Wo

But - |F'| 2 «w.|F|, and -% << , hence the second term can be

neglected. Thus

et o Flt-2R/c) o
v = chff. ~cos d3

F(t—ZR/c) F(t-2X/c) = (A3.50)
21rc~/f dz - 2X. ’ -

R

By an identical procedure we can show that for radiators
with sinf, sinfsind, or sindcos ¢ distributions ¥ (t)=0
within the same accuracy as the cos 8 distribution. sind is
the distribution of a vertical dipole. sinfsin ¢ and
siné’cos<# are the complementary distributions  for  two

pefpendicular horizontal dipoles. These last three solutions
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comprise a basis set for constructing arbitrary dipole
solutions. By linear combinations of arbitrary dipoles, each
with its own X, , we can construct a large class of solutions.

This is an importanf result since.it means that

- G F(t-2X/c)
Y (1) = 6.(0,-)6.(0,-) 1=
~ | | F'(1-2R/c) ..
= 21rcffGT(_9,¢)GR(6,¢) <R ds (3.51)

is - a reasonable approximation for any antenna physically
realizable from oscillating dipoles.
If P, is the peak radiated power, then for the isotropic

radiator over a perfect reflector

(A3.52)
| PZo -iw(t-R/c
VLR) = o ./450 ;iedt-R/e)
Then

: 2R

, _ P.Z A -iw (t-=).

Vv (t) = —- T °J w,
_( ! 21rc ""f/ xr& = ©d2

P1Ze,-itt -33)
—1< bR
4

/P, Zo -iu(t- 2X/c)» o (h3.53)
2xV Tar °© o

"
K
ol—

x%

and
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v (t) - L [Pl (A3.54)
peok 2Xu 4w
and
A2 |
PR = (‘I’(t)peak) gl
b z2 | i (A3.55)

2
where A /41T is the receiving antenna's effective area (Jasik,

1961).

For the anisotropic‘radiator over a perfect reflector

PR

‘ | o \2 (A3.56)
- Pg = Gr(C)f-)GR(O'-).FH7€:E33CE | o
and
‘g: . ;" Iy .mf) "
ey e
IGA:;ZX?“»' [21rc] [ffGTGR -w‘(t :R/C)dz]?' (a3.57)

For the ribbon scatterer, combining A3.57 with A3.34
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| -i47P |+ Ro/P

PTJ 41rxl 21rC J(G GR""GTGR)COSO Q ToR.7P dP

(23.58)

Noting that in the nondimensionaliized system wo /2wc=1. .Then by

invoking A3.46 -

. [_P_&_]'Z WA |{(ﬁ) G(B, aT)G(B,aR )cosﬁ[éﬁ-—g%—ﬁ—]uz

Pr = 4w Xt
- -ig P
—_ 2
+ o7 I J(P/8) € i

e e e : : ~ (A3.59)

where the implicit dimensionless units have been included.



