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1. Introduction 

This report was prepared following a visit to the Instituto de Investigaciones 

Matematicas Aplicados y en Sistemas (IIMAS), Universidad National Antonoma 

de Mexico (UNAM) by the author in February 1978. The report discusses some 

of the design considera tions in establishing a seismograph network in Oaxaca 

State in southern Mexico with telemetry of data by radio link to IIMAS in 

Mexico City. At IIMAS the telemetered data would be processed on-line by 

the RESMAC seismological network data processor which is based on an PDPll-40 

minicomputer system and has been described by Lomnitz (1976) and in a previous 

internal report by Hayman (77-9). Consequently, the body of the report relates 

mainly to problems of data transmission from the remote seismograph sites to 

Mexico City. Much of the material presented herein was discussed with the 

staff at IIMAS during the visit. 

A paper published by bhtake, Matumoto and Latham predicting a magnitude 7~ 

earthquake in Oaxaca State has focussed attention on the seismic risk of the 

area. Burk and colleagues (news release, April 1978) have since suggested that 

because of the continued quiescence in the area a magnitude 

be expected. 

8 event can now 

Huch of Oaxaca State is wild mountainous country but there is also a farming 

area in the re gion of the sta t e capital of Oaxaca. Acapulco is just off the 

eastern edge of the a~ea. The topography is unusual since a broad valley , 

separates two ranges of high mountains; the coastal range and the volcanic 

zone near Mexico City. This terra i n presents unupual opportunities for radio 

telemetry of seismic data. 



Introduction (continued) 

This report does not contain proposals for the exact network layout since first­

hand knowledge of the terrain is essential in preparing a detailed design. 

Instead, members of the staff at UNAM have been given references (for example, 

Bullington, 1957 'Radio Propagation Fundamentals') which will enable them to esti­

mate . the reliability of a particular radio link. An example of such an estimate is 

included in. the report. A map sh.owing one possible network configuration is shown 

in fig. 1. the corresponding equipment block diagram is shown in fig. 2. 



2. Radio Network 

The distances involved in the proposed Oaxaca network are large, with the longest 

link being 270 km. It is only the fairly unusual topography whi.ch exists 

in Mexico that permits such long path lengths to be considered. A minimum 

requirement for the larger paths is that free space propagation conditions 

exist (neglecting atmospheric affects). Thus potential paths should include 

generous Freunel Zone clearance at bath antenna sites and along the path. 

This appears feasible. Atmospheric effects including diffraction, multipathing 

and channelling will cause fading but the effects of these can be reduced by 

ensuring generous midpath clearance (3 or 4 times Fresnel Zone) and a generous 

fade margin. Calculations show the proposed network to be a reasonable 

proposition, but it must be recognized that a particular link cannot be 

considered fully proven until it has been in operation through one annual cycle. 

This extended evaluation period is conside!ed more desirable than adding more 

repeaters into the initial design. In the worst case more r 2peaters may have 

to be added (and other stations moved) during the evaluation period. 

2.1 Frequency Band 

Two options exist, the 132-174 MHZ VHF band and the 450-470 MHZ UHF band. 

In all but remote rural areas the VHF band is conjested and subject to 

interference, 'particularly if frequency usage is not carefully controlled. 

The SISMEX network suffers from this problem on radio links within about 50 km 

of Mexico City. There is little can be clone if this . type of interference is 

a problem. Highly selective RF cavity fi.lters can be used if the problem 

is on an adjacent frequency but these are bulky items in the VHF band. 

Currently, the UHF band is net as heavily use'd as the VHF band and so there is 

less likelihood of interference problems. There are however, other factors. 
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Since at 450 MHZ the ante.nna aperture is one third of that at 150 MHZ there 

will be an inherent 9.SdB 'loss' if geometrically similar antennas are used. 

This can be compensated for by using higher gain antennas or by increasing 

the transmitter power. The latter solution is not attractive if the system 

is to be powered by primary storage batteries recharged by solar panels. An 

advantage of UHF systems is that it is easier to satisfy the generous Fresn~l 

clearance zone requirements because of the shortèr wavelength. 

One option would be to use the UHF band for the links from Oaxaca to Mexico 

City and the VHF band in the remote rural areas. 

A further consideration is the desirability of using the same equipment 

throughout the network in order to maximise the ease of network maintenance 

and to keep the spares inventory to a minimum. 

On balance, it is considered best to avoid the uncertainties of man-

ma<le interference and to deal instead with more controlable factors in the UHF 

band. 

2.2 Frequency Plan 

At repeater locations the transmit frequency must be separated by a minimum 

of SM.HZ from the receiver frequency to prevent the transmitter from desensitising 

the receiver. A further requirement is that sufficient physical separation 

exists between the transmit and receïve antennas. 

There also exists the possibility of interference due to intermodulation distortion 
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in the receivers. Careful choice of the RF frequencies will prevent 

problems from 3rd order intermodulation products. For example, the following 

group of five frequencies is free from interfering 3rd or<ler intermodulation 

products, where FO is the first channel and ôF is the channel separation. 

Channe l Frequency 

1 FO 

2 FO + ôF 

3 FO + 46F 

4 FO + 96F 

5 FO + 126F 

At sites where more than t~o RF frequencies are received careful choice of 

frequency with the aid of the table above will avoid problems from intermodu-

lation distortion, The possibility of interference can be r educed further 

by avoiding the use of channels separated by the legal minimum (25KHZ). If 

possible a minimum of lOOKHZ spacing between channels should be used (ôF = lOOKHz). 

This would include consideration of other licenced users in the vicinity of any 

one link. 

Careful fr equency planning may also permit the use of a given frequency more 

than once provided approp riate attention is paid to possible interference 

problems. Calculations on path loss can be made for possible interfering paths 

in much the same manner as desir e d pat~s excep t tha t the fade margin uncertain t y 

should be given the opposite sign. 
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2.3 Path Loss Calculations 

Path loss calculations are not included as part ·of this report. 

References have been left with IIMAS which permit required transmitter 

power, antenna gain and expected operational margin to be estimated. Path 

profiles should be drawn for all paths and for each path the expected 

performance should be estimated. 

A quick look at many patrs suggests that free space propagation conditions 

are an essential part of the scheme for the network to operate. Thus the 

key effort in the calculations will be devoted to ensuring that there is 

clearance to 3 to 4 times the Fresnel ellipsoid ~orizontal as well as 

vertical clearance). 

1be most effective method of increasing the fade margin is to increase the 

antenna gain at both ends of the link rather than to increase the trans­

mitter power, which would require larger power supplies. An example of the 

type of antenna which might be used is a 15 element yagi which has a gain of 

13.SdB. If even more gain is required these units can be stacked and inter­

connected by a matching transformer. In this manner two units will yield 

an additional 3dB and four units 6dB, etc. 
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3. Data encoding schemes 

There are two basic schemes to be considered in methods of encoding the 

data and modulating the radio link~ analogue and digital. 

3.1 Analog telemetr~ 

In this scherne the amplified filtered seismometer signal is used to drive 

a voltage controlled oscillator. This produces a sinusoidal audio carrier 

on which the instantaneous frequency is proportional to the ground velocity. 

The audio frequency is then used to modulate a VHF/UHF transmitter. In many 

existing applications, the transrnitters have been constructed by modification 

of circuit boards ori~inally designed for use in personal ·~alkie-talkie'' 

radios (e.g. USGS scherne as used in California and Nicaragua. Lamont also uses 

a similar scheme.) In its simplest form involving only a single link with 

no repeaters and no rnultiplexing this approach typically has a dynarnic 

range approaching 60dB (at Yellowknife array t he figure is 56dB). 

A particular attraction of this method is the ease of multiplexing since 

this can be done by simply adding the various audio sub-carriers and using 

the composite signal to modulate a transmitter. Each sub-carrier is 

allocated a separate band of frequencies. At the receiving end frequency 

selective bandpass filters are us e d to separate the various channels . This 

scheme has been used to multiplex up to nine channels of data onto one RF 

carrier. There are of course, trade-offs. As the number of channels and/or 

number of repeaters increases the dynamic range of each channel decreases 

and the amount of cross-talk increases. Th~ degree of degradation is 
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influenced by the following factors: 

a. The spectral purity of the generated sinusoidal sub-carriers. A 

distorted sine wave has harmonies which may interfere with the 

fondamental of a higher frequency sub-carrier. 

b. Any distortion in the adder circuit. This is not likely. 

c. Distortion in the transmitter modulation process. This can be severe 

particularly in t~ansmitters which have automatic level control and 
s 

bandwidth limiters. Since the{e are FCC requirements in walkie-talkie 

radios care is needed when these are used. 

d. The RF carrier to noise ratio at the receiver input terminals. At 

low received signal levels random noise will appear in the demodulated 

sei.smic output. • 

e. Distortion and non-linearity in the receiver. 

f. The sharpness of the bandpass filters used to separate the multiplexed 

channels. 

g. The linearity of the sub-carrier demodulator. This is less important. 

It should be noted that distortion in the RF modulation-demodulation is a 

key specification if optimum performance is to be obtained. Any system 

which includes a summed set of sinusoids and is subject .to distortion will 

have all the usua l distortion products which include harmonies of the 

fundamental and many intermodulation products (e.g. F
1 

+ F
2 

- F
3 

= F
4

, 

2F1 - F
2 

= F
3
). The difference between radios which are good for multiplex 

use and those which are not can probably be linked directly to the harmonie 

distortion specification. 
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3.2 Digital-Telemetry 

In this scheme data are quantised at the remote location into a binary 

bit stream and transmitted as a binary signal by land line or radio link. 

Most schemes have used a modem to adapt the digital signals to frequency 

shift keyed signals which are acceptable to the telephone companies. 

Digital schemes offer the promise of re-shaping and re-timing . the signals 

when appropriate so that the original signal fidelity can be preserved 

through a large number of repeaters. However, digital signals are more 

complex to multiplex since the signals require time slice multiplexing 

rather than simply adding the signals as in an analog system. Conceptually 

the digital scheme is no more complicated, but in practice it requires a 

higher degree of sophistication at repeater and multiplex sites. 

3.3 The recommended encoding scheme 

In the intest of expediency I sugges t that the analog scheme is most 

appropriate for use at the present time and will lead to usable data in the 

shortest time frame. The technology has been proved and all of the equipment 

can be bought off-the-shelf. 

As a longer term proposition I be lieve the analogue radio network could be 

upgraded to operate in the digital mode as better methods of modula ting 

and multiplexing digita l signals are developed~ In an orderly scheme of 

development,experimen tal digital t echnology could be tried and proved on a 

selected radio link. Af ter a period of evaluation the whole network could 

gradually be upgraded to digital operation whilst remaining fully operational 

at all times. However, it should be noted that the transmission of digital data 

may require more bandwidth from the transmission channel depending on the sampling 

rate, data format and encoding scheme employed. 
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4. Remote Station Configuration 

In order to consider the remote station configuration in more detail it is 

necessary to make a few assumptions. It is safe to assume that the total remote 

electronics package can be contained in a volume of about lücm x lücm x lücm. 

Secondly, it can be shown that the RF power levels at the transmitter output 

will be between 200mW and 2W according to the frequency bsnd and the path 

loss. 

At a low power level, primary storage batteries can be used, although they do 

represent a continuing expense since they must be renewed at least annually. 

Because of greatly increased interest in the USA due to the 'energy crisis', 

the price of solar panels is on a downward trend,since price is closely tied 

to production volume. Large volume users are now paying about $15. per 

peak watt of solar power (as measured in midday sun). Solar power also has 

the attraction of a one time capital cost and thereafter negligible operat.ing 

expense. 

Another desirable feature of a remote station location is 

that the amount of on-site work should be kept to a minimum. In the early 

stages of the establishment of a more or less permanent network a distinct 

advantage would be ease of movement to a better site as operational experience 

is accumulated. 

4.1 Solar Powe r System 

The scheme proposed below has been based on .a 1 watt RF output since this 
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will be satisfactory for most locations. In order to obtrain 1 watt RF 

output from transmitters, approximately 4 watts input will be required 

from the power system at 12 volts de. The Solar Panels are used to charge 

a 12 volt battery and a simple regulator prevents the batteries from over-

charging. The exact power levels will depend on the efficiency of the 

transmitter. The figures above are based on an efficiency of 33% (RF 

output/DC ' input). 

Discussions with several manufacturer/s suggest that a solar array of about 

2 0 
25 watts peak power at lOOmW/cm and 28 C would provide the necessary power. 

The panels would be inclined at about 45° to the horizontal. The battery 

capacity woulà be some thing between 90 and 180 ampere-hours. There is 

evidently a trade off between the size of the battery and the size of the 

solar array. Low self-discharge sealed lead-calcium batteries appear to be 

favoured for this type of application. The typical surface area of a 

2 suitable solar array would be 2000cm . 

Most companies operating in this field have computer programs which will 

optimise a design and match it to their products. This is usually available 

fre e of charge to prospective customers. 

4.2 Remote si.te physi.cal layout 

One possible design for the r emote stations follows directly from the following 

considerations: 

4.2.1 The civil engineering works should be kept to a minimum. 
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4.2. 2 All equipment should be mounted on a single structure: . except of 

course, the seismometer . 
. . _,_. .... .f , · 

·-
4.2.3 Whilst burying the equipment has been used successfully elsewhere, 

it requires a hale to be dug, and an equipment case to be buried 

in it. It has the advantage of a stable temperature but subjects 

equipment to a higher humidity and to the possibility of flooding in 

a thunderstorm. Equipment must be dug up before it can be moved. 

4.2.4 The antenna mast should always be high enough to ensure Fresnel zone 

clearance in the vicinity of the antenna. 

4.2.5 A common design should be used for all locations. 

4.2.6 It should be possible to climb the rnast to service the antenna and 

solar panels. 

4.2.7 All equipment should be .303 calibre bullet proof (except the solar 

panels. Bullet proof panels are available, but it is cheaper to 

replace bro·ken panels, unless there is a recurring problem). 

4.2.8 Equipment should be protected from the direct heat of the sun. 

4.2.9 All equiprnent cases should be locked. 

4.2.10 Storage batteries should be in a separate vented contain~r. 

4.2.11 Space should be provided for additional radio equipment in case the 

site is also a repeater. 

4;2.12 It is desirable (though not essential) to use low cost conduit 

between the seismometer and the mast to contain the seismometer cable and 

to provide a good ground connection. 
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4.3 Remote Site: recommended scheme 

A scheme which meets these r equirements is sketched in figure 3. Tri­

angular steel tower as used for TV antennas is used for the IJ)3.St. The 

electronics, equipment case, solar panel and antenna are all bolted 

securely to the mast. A lightweight steel panel, insulated with styrofoarn 

on ·the underside is used to protect the electronics package frorn direct 

solar radiation and provide additional protection frorn rain. Conduit is 

used to contain solar panel cables, antenna cable and seisrnorneter cables. 

Steel enclosures of 12 gage construction would be dented but not pierced 

by rifle fire. The site would require only a srnall concrete base for the 

tower. Guy wires would be used to steady the tower. 
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5. Repeater Station Configuration 

In the simplest repeater configuration the received composite audio signal 

is simply retransmitted. However, because the incremental cost is low it 

will usually be expedient to include a local seismometer. The local VCO 

output is added to the received tone(s) and the new composite signal is 

retransmitted. Of course, at sorne sites there will be more than one 

receiver which will in turn require a multi-channel adder circuit. 

If an attempt is made to standardise on a single design which can be used 

economically at all site s then a choice must be made as to the nurnber of 

additional receivers for which space, power, multiplex facilities etc. are 

to be provided for . 

A review of the proposed network for Oaxaca State and for other networks suggests 

that a reasonable compromise would be to provide facilities for up to two 

receivers and a VCO at each site in a standard design. Stations which do not 

fit into this scheme could be considered special stations. This ap-

proach would provide a reasonable degree of f lexibility in network design 

so that configuration changes could be made without extensive hardware 

changes. In addition there would be a limited amount of redundant equip­

ment at simple stations having only a VCO and transmitter. 

As an aid to optimising network performance each input channel on a multiplex 

adder should be equipped with a calibrated attenua tion control which could 

be used to balanc e the amplitude of the tones before retransmission. At the 
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time of initial deployment all potentiometers would be set to the 

OdB mark. Subsequently, operational meas urements would permit calibrated 

adjustments of ±6dB to be macle as required. 

At key repeater sites where a single RF link can carry the entire network 

data, i t may be àesirable, at additional cost, to provide a parallel RF 

link so that each link carries only half the network data. This doubling up 

can be implemented with varying degrees independence between the two 

channels, ranging from the use of a completely different rot.iting with 

additional intermediate repeater sites, to the attachment of a second 

transmitter to an existing site. 
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6. Terminal Station Configuration 

At the terminal station at UNAM the received composite signal must be de-

multiplexed and demodulated into individual channels and then digitally 

multiplexed, converted to digital format and finally serialised for input to 

the PDPll-40 computer through one channel of the DHll multiplexer. 

The analog demodulators are corumercially available and usually include one 

complete channel demodulator in a single module. The module usually includes 

the bandpass filter required to separate a channel from the composite signal. 

The digital multiplexer, analog to digital converter and serialiser would be 

constructed at UNA~ according to established RESMAC standards. 

Optimum received signal to noise will be obtained if the receiver is mounted 

near the antenna so that RF cable lasses are minimised. At UHF frequencies 

several decibels of unneccessary attenuation can be quickly accumulated if 

care is not used in planning the antenna clown lead. 

l 

t 
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7. System Design 

7.1 Network Layout 

A map of the proposed station locations is shown in figure 1 and a system black 

diagram in figure 2. 

Note that the most distant signal must pass through four repeaters and that the 

final link from Ajusco to UNAM must carry seven signals. 

7.2 An example of RF pathloss calculation 

A UHF radio link of 280km length is to be designed using a one watt transmitteY 

and a receiver of .34µV SINAD sensitivity. The link is to have a reliability 

of 99.99% (8sec/day loss). 

Add 

Receiver sensitivity, 12dB SINAD 
= .35µV. Convert to decibels below 
one watt. Assume 50 ohm input 
impedance = 146dBW 

Add 
Receiver antenna gain. Try a 
5 element Yagi with 9dB gain 

Subtract 
Receiver cable loss. Calculate by 
multiplying cable loss in dB/ft by 
length. Assume ldB. 

Subtract 
Path loss. Free space propagation at 
150MHZ over 280 km. 3 to L~ times Fresnel 
Zone clearance 

Add 
Transmitter antenna gain. Try a 
5 element Yagi with 9dB gain 

Subtract 
Transmitter cable loss. As RX. 

146dBW 

+9dB 

-ldB 

-122dB 

+ 9db 

- ldb 

Gain Margin 
(rel to 1 watt) 

146 

155 

154 

32 

41 

40 
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Subtrac t 
Loss due to reduced antenna 
aperture at 450.MHZ (Path loss was 
taken at 150.MHZ ). 

Subtract 
FADE MARGIN. Use Rayleigh 
distribution, 99.99% or Ssec/day 

brought forward 40 

-9.SdB 30.5 

-38dB - 7.5 

The negative margin indicates that the transmitter power must be 7.5dB above one watt. 

The actual transmitter power r equire d would be lo·
75 

= 5.6 watts. In order to use a 1 

watt transmitter more gain is required. Try increasing Tx and Rx gain from 9 to 

13.5dB by using 13 element yagis to gain 2 x 4 .SdB = 9dB. 

Continuing the calculation: 

Add 
Additional gain from 2 
13.5 yagis + 9dB 1. 5 

Th . d . . 10- · 15 0 - . e require transmitter power is now = .1 watts anc so one watt 

transmitter would be satisfactory. Note however, that a figure of 0.35 µV was 

taken for the r eceiver sensitivi t y from typical manufactures specifications. 

This is th e figure for a demodulated signal to noise ratio of 12dB. In 

practice, this figure is too low to achieve a satisfactory signal quality on the 

helicorder. A received signal level of lµV produces acceptable results. This 

1 
implies a further gain of 20log

10 
c
55

), or 9dB is required. This can be achieved 

by using pairs of 13 elemen t yagis a t each end of the link to gain a further 

6dB (nominal , in practice 5dB). 

Cont i nuing the calculation: 

Subtract 
Loss due to higher minimum signal 
strength 

Add 
Gain by doubling up on the number 
cf yagis 

- 9dB -7.5 

+ 5dB -2.5dB 
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The power required has now increased to 1.7 watts. Bearing in mind all the 

factors taken into consideration and the fade margin employed,this design 

could be implemented using a standard 1 watt transmitter and the performance 

evaluated. Subsequently, if necessary, a further SdB of gain can be obtained 

by adding two more yagis at each end. The alternatives would be to reduce 

the repeat e r spacing or increase the transmitter power and power supply. 

Clearly, higher gain antennas are much more cost effe·ctive . 

7.3 Site Tests 

Calculations on path loss should be verified by making signal strength tests 

using a transmitter, a wattmeter, two yagi antennas, two masts and a calibrated 

receiver or a signal strength meter. Actual path loss can then be measured and 

compared with the calculated path loss. Howeve~, it should be noted tha t care must 

be used since the measured value will not be representative of the median value 

since it ignores the effect of diurnal and annual variations. Since the diurnal 

va~~a~ton is likelv to be greater than annual variations, r esults accurate to ±lüdB 

might be obtained by monitoring the signal throughout a 24 hour period. · 

7.4 Remote Station VCO centre frequencies 

In order to optimise the system performance the VCO centre frequencies should 

be chosen carefully so that harmonie and intermodulation products are 

minimised. One approach is to attempt to choose the frequencies so that most 

of the unwanted products fall outside the transmission bandwidth. As with 

the RF system design, the most troubleso'me products are likely to be terms 

of the form fl + f2 - f3. A more comple te list of harmonie and intermodulation 

products is given in appendix .B. 
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8. Operational Considerations 

8 1 Test equipment 

In order to calibrate, maintain and test the network equipment the following 

special test equipment will be required. In each case one vendor is mentioned, 

but others certainly exist and should be considered . 

Description Vendor Hodel Cost $ 

RF Durnmy Load son Bird 10 

RF Wattmeter Bi rd 43 200 

VHF-UHF Signal Generator Hewlett Packard 8640 6000 

FM Deviation Me ter Marconi TF2304 1200 

Digital Multimeter Dana 2100 300 

Frequency counter to SOOMHZ Hewlett Packard 5383A 1000 

Distortion Analyser " " 331A 1200 

Low frequ ency signal generator, 
O.OlHZ-lOOK HZ " " 3310A 1000 

Oscilloscope, portable Teletronix 221 . 1300 

Calibrated RF attenuator Telonic Instruments TG950 'V l00 

8.2 Calibration 

As r emote stations are insta lled, an in-situ ove r all system calibration should 

be per f ormed wi th the da ta received at IIMAS during the ca libration sequence being 

recorded in the normal manner. A small battery op er a ted calibration box can be 

construc t ed to gene r a t e a r ange of equivalent ground veloc ities at a few spot 
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frequencies and amplitudes. A design for such a box is available on reques t 

from Ottawa. The test box is connected directly to the calibrati-0n coil of the 

seismometer by the field technician and is removed on completion of the test 

sequence . 

8.3 Spares 

A minimum of one of each of the following items should be stocked ready for 

deployment: 

1. Seismometer 

2. Amplifier-VCO-Muliplexer 

3. Transmit ter 

4. Receiver 

5. Demodulator 

6. Solar charge regulator 

7. Discriminator 

8. Digital Multiplexer 

9. Solar panel 

10. Remo te station battery 

Special care is in planning for spare transmitters and the receivers since it 

should be possible to change frequency by changing the crystal without returning 

thes e units. If widely separated frequ encies are in use it may be advantageous 

to stock two transmitters and two receivers so that each can caver a band of 

frequencies without returning. Spare crystals (.Tx and Rx) should be stocked 

for all frequencies in use. 

The spare assemblies shoul.d in turn be backed by spare transistors, IC' s, etc. 



- 20 -

9 ; Conclusions 

The report outlines some of the considerations in the design of a telemeterd 

seismograph network which would transmit data from locations in Oaxaca State 

to Mexico City using analog FM telemetry. The proposed scheme is ambitious 

since it attempts to push equipment to the limit of its specifications, and 

as a result I think that it is unlikely that any company would guarantee the 

operation of the system as a whole . However , I believe that provided sound 

equipment is purchased the scheme as proposed is an excellent starting point. 

Equipment would be installed at the planned locations and then performance would 

be measured and assessed and the suitability of the sites, transmitter power, 

antenna gains, etc. reevaluated, possibly leading to a relccation of a station 

and perhaps the addition of another r epeater . 

At a later date the digitising equipment, initially at Mexico City could be 

gradually moved towards the r emote sites perhaps one repeater at a time. This 

would ultimately couvert the scheme into an all digital system. 

Appendix A is the first draft of a set of sp ecifications which could eventually 

be used as a basis for procurement after requirernents have been finali s ed . 
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APPENDIX A: DRAFT EQUIPMENT SPECIFICATIONS 

A.1 Seismometer & Siting 

Period 

Calibration coil 

Coil resistance 

Working damping 

Adjustments r equired 

Transducer constant 

1 second 

to be included 

to be specified 

.70 critical 

none 

to be specif ied 

The seismome ter will be located in a small culveYt which will be embedded 

in concrete and bonded to bedrock. The whole assembly will then be 

buried. The site should provide good drainage so tha t the seismometer 

cannot stand in water for extended periods. An electrical grade steel 

conduit from the culvert to the mast would permit easy servicing of 

the cable.The seismome ter should be located 10-20m from the mast assembly. 

A.2 Enclosure 

All equipment,(transmitter, receiver, amplifier regulator and battery)will 

be placed in a metal enclosureswhich should be securely attached to the 

mast. The enclosure should include an access door with a padlock & 

catch. The enclosure should inc lude provision for cables to exit to (a) 

seismometer, (b) up to six receiving antennas (c) one solar panel. The 

enclosure assembly should include a shield to prevent direct solar 

radiation onto the actual case . The enclosures should include vents and dra in 

hales covered with fine wire mesh~ 

A.3 Antenna Mas t 

The enclos ure should be of sufficiently heavy construction to prevent rifle 
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fire damag{ng the electronic equipment inside. The antenna mast should 

consist of two or more 3 metre sections of consumer grade steel TV tower 

(local purchase) 

A.4 Antennas 

High gain yagi antennas with either six elements or fifteen elements 

will be required. Antennas should be equipped with clamps for mounting 

to the steel tower and should use type N connectors. 

a . . 9.5dB gain 5 element 

b. 13. 5dB gain 15 element 

Polarisation - vertical. 

Vertical Separation between transmit & receiver antennas 3 metres 

minimum. 

The long RF links will certainly require the high gain antennas , but 

some of the shorter links could use low gain antennas. 

A:5 Transmitter 

It is recom..~ended that the transmitter be enclosed in a shielded metal 

case in orde r to minimise RF interference problems . 

Frequency range: 450-470 MHZ 

Frequency stability: 
0 0 

±.0005% (-10 C to +50 C) 

RF Power into 50 ohm load: lW continuous duty 

Power supply: 10 - 14 VDC 

Power supply current: to be specified; no~ to exceed . 25A 

Audio input: OdBm for ±3 .3kHZ deviation 

Audio input impedance: 600S1 
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. . - .: .... - .·. 

Audio respons e : (with Rx) flat ±3dB, 300 - 3KHZ 

Audio distortion: (with Rx) <5 % total harmonie distortion 

FM Hum & noise: >40dB below 2/3 rated system deviation 

Spurious & harmonies: >46dB below carrier 

Connecter, Power: to be specified 

Connecter, RF: BNC chassis mount 

Case: the transmitter shall be contained in a metal case to prevent spurious 

radiation and shall include FRI filtering on all power and signa l lines 

Case size: to be specified 

0 0 
Environmental: -10 C to +50 C, 0 - 95% humidity 

Preferred modulation method FM (not Phase Modulation) 

A. 6 Receiver 

Frequency range: 450-470 MHZ 

Sensitivity : < .35µV : 12dB SINAD 

<.5 µV: 20dB quieting 

Spurious Rejection: 60dB 

Image Rejection: 40dB 

_L Adj. channel r e jection: > 70dB (13dB SINAD) 

Modulation acceptan~e ±7.5kHZ (min) 

Audio output imp e dance: 600~ 

Audio output l evel: OdBm f or ±3.3kHZ deviation 

RF input impednace: 50~ 

Supply voltage: 11 - 14 VDC 

Supply current drain: to be specified; not to exceed 25 mA 

Conne cter, power : to be specified 

Conne cter, RF: BNC chassis rnount 

Case : The receiver shall be containe<l in a metal case to contain or 
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exclude spurious radiation and should inlcude RFI filtering on all power 

and signal lines. 

Case size: to be specified 

Environmental: 
0 0 

-10 C to +50 C, 0 - 95% humidity 

A.7 Amplifier - VCO - Multiplexer 

This assembly shall provide for one seismometer input and a minimum of 

two received radio tones on appropriate IRIG frequencies. The multiplexer 

will sum the (up to) three tones and provide for adjustment of each tone 

so that the summed output will be OdBm peak when loaded with 600Q. The composite 

tone must not drive the transmitter beyond ±3.3KHZ deviation. 

A.7.1 Local s e ismic channel 

Sensitivity: 24 µV/Hz nominal, switch adjustable by ±24dB in 6dB steps. 

Noise: <.25 µV rms referred to input 

Filter: Band pass 0.25Hz to 20Hz (3dB) with 12dB per octave roll-off 

Input: differ ential with transient protection. Common mode r ejection: 

better than 60dB 

Input impednace: 20KQ minimum, with provision for a shunt damping resistor. 

A.7.2 VCO 

Channels: standard constant bandwidth channels to be chosen from 1020, 

1360, 1700, 2040, 2380, 2720, 3060~ 

Deviation: ±125Hz 

Linearity: .1% 

Center fr equency stability: 0 better than 50ppm/ C 
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A.7.3 Multiplexer 

Inputs: Local VCO and two ext ernal tones 

External inputs: OdB into 600Q. 

Output & controls: three potentiometers to permit amplitude adjustment 

of all three tones so that composite signal is OdBm ± 6dB when 

loaded wi th 600 Q • 

A.7.4 General 

Supply voltage: 11 - 14VDC 

Supply current: to be specified; not to exceed 25mA. 

Case: the assembly shall be contained in a metal case to exclude spurious 

RE radiation and should include RFI filtering on all inputs and outputs. 

Case size: to be specified. 

Environmental: -io0 c to +so0 c, O - 95% humidity. 

A.8 Solar powe r system 

Specifications for the solar power system can be developed from the request 

for proposals and pric ing which has been extracted from a recent request 

for quotation and is copied overleaf. 
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A.9 Discriminator 

A.10 

The discriminators are to be modular plug-in units and should include a 

chassis and power supplies to acconunodate a minimum of eight units. Centre 

frequencies should match remote site VCO frequencies. 

Input sensitivity: lOOmV to 3V rms 

Channels: to be chosen from 1020, 1360, 1700, 2040 , 2380, 2720, 3060HZ. 

Bandpass filter: Each unit should include a bandpass filter capable 

of rejecting signals on an adjacent channel which are 20dB greater 

than those on the channel under test. Interference shall not be 

visible when a full deviation lOHz sine wave test signal is displayed 

on a chart recorder. The interfering signal should include full devi­

ation SHz modulation. 

Output level: to be set to ±2 volts pk 

Dynamic range: >SOdB with 20Hz output filter 

Output filter: lOHz lowpass, third order and .SHz highpass. 

Indicator: low carrier level lamp 

Squelch: output clamps to zero when carrier is removed. 

Environment: 0 - 60°c, 0 - 95% humidity. 

Multiplexer - ADC - UART 

(to be supplied by UNAM) 

Input channels: 8 

Input level: ±2 volts peak 

Input configuration: single ended 

ADC sampling rate: 37 s/s or as specified 

ADC dynamic range : to be specified 

ADC/UART format : to be specified 

UART band r a t e : to be specifie d 



SOLAR POWER SYSTEM 

1. APPLICATION 

Proposals are invited for solar power systems to provide power for 
continuous operation of a tel eme try transmitter. Up to fifteen systems 
are planned. Representative coordinates are listed below. Exact power 
consumption at each site has not yet been det ermined, bu~ the final value 
will be chosen from three possible options (according to the required RF 
power). 

Site 1: 
Site 2: 
Site 3: 

James Bay - Lat. 
Strait of Georgia - Lat. 
Oaxaca, Mexico - Lat 

Long . 
Long . 
Long. 

770 

124° 
97° 

2. SYSTEM DESIGN 

Proposals should take into account published weather data for the 
regions specified including ambient temperature and the eff ects of snow­
fall and freezing rain. Recorrunendations should include: 

3. 

a) total peak power required from the solar panels, 
b) panel orientation (elevation & azimuth), 
c) battery type and capacity, 
d) some indication of the margin of saf ety bui lt in to the recom­

menda tions. (Perhaps a computer printout). 

DESIGN LOAD 

Option 1 

Voltage 
Duty 
Current 
Power 
Ampere-hours 

Option 2 

Voltage 
Dut y 
Current 
Power 
Ar!"lpere-hours 

Option 3 

Voltage 
Dut y 
Current 
Power 
Ampere-hours 

12-14 volts 
continuous 
.3A 
4 watts 
7.2 ampere-hours/day 

12-14 volts 
continuous 
.6A 
8 watts 
14.4 ampere-hours/day 

12-14 voltage 
continuous 
.150A 
2 watts 
3.6 ampere-hours/day 
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4. SUB ASSEMBLIES 

Proposals should include data as specified for each component of 
the system as follows. 

4.1 Panels 

Type number 
Operating temperature 
Number of cells 
Cell diameter 
Voltage 
Current 

2 0 
Peak power @ lOOmW/cm , 28 C cell temperature 
Is a blocking diode included? 
Panel dimensions & outline drawing 
Description of panel construction & encapsulation 
The effect of .303 rifle fire on the panel 

4.2 Battery 

Recommendations on the battery should include: 

Nominal terminal voltage 
Ba.ttery type & number 
Nominal capacity at 25°c in ampere-hours 
Nominal capacity at -30°C in ampere-hours 
Battery dimensions, weight 

4.3 Regulator 

Type number 
Operating temperature 
Storage temperature 
Humidity 
Regulation voltage 
Maximum current dissipation 
Outline drawing 

4.4 Panel mounting hardware 

S. PRICJ.NG 

Panels will be mounted on triangular steel tower. If hardware 
exists for mo.unting panels to steel tower, outline drawings 
should be included . 

Prices for a system should be broken down by sub assembly (4.1 through 
4.4) so variations in system des ign can be considered without f urther 
quotation. 
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next wcd:. Chunci::s to 
c:iptttri.: :w enrt!:t~Ua~e 

dnr1 ' t occur th:: t fr1: .1 uc. nt· 
!y." 

Sc i cr. t~ s t s sa y ~uuJy;r.!'. 
an <"Uth11uakc as it 1~cun 
cou 11 r.rÛviJc vilal '.r1f.l: · 
m~ ~ i v :1 r.ccd:d to : ..... :-. 
h\J '<"t te 1~ r:.:tilct tl:c t i.: .; ;.~ 
1Lï <l l o~a ti(1il uf i~~i.:n. 
(1Ua~ ..: !li . 

· " \ \ 'c'v,: got a ch.1r. ~c 
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Sei5n-ticity Gap near Oaxaca. Southern Mexico as a Probable Precursor 
to a Larr,e Earthquake 

Slm1mary - An area of signilicant seismic quiescence is found near Oaxaca . southcrn Mexico. The 
anonulous area may be the site of a future large earthq~:ike ;,s m:tn) cas~s so fa r report.::d wcrc. This 
conjecture i> justified by study of ;:iast sei~micity changes in !!le Oax Jca re;;ion. An i11 1erval of rcduced 
scisrnicity, followed by a renewal of acti,·ity, preceded both the rcœnt large evenis of 1965 and 1968. 
Those past earthqu::ikes ha ve ruptureè the eastcrn and western portions of the pre<enl seismi:il} gap. 
rcspectiv::ly, so that the central p~lrt remaining is considercd to be of the high.:st risk of the pendir:g earth­
quake. 

Themostprobableestimates:ire:7~ ± {fortllcmagnitudeandrp = i6 .5° ± 0.5°N ,). = 96.5° ± 0.5\V 
for the epice:ite: loc:ttion. A firm predicti on of the occum;ncc time is not attempted . Howevcr, a resumption 
of scismic activity in the Oaxaca rcgion may precede a main shock. 

Key words: Seismicity; Earthquake prcdiction. 

lntrnrl1Jetion 

From studies of the seismicity of the northwestern Circum-Pacific seismic belt. 

Frnornv ( 1965) and MOGI (!96Sa) found that 'gaps· in activity have been successively 

fil!ed within several tens of years by a seri-.;s of great ean.hquakes \\'Îthout significant 

0verlap of thè'ir rupture zones. More dr:t2iled investigations by UTSU (l968), t-.10GI 

(l968b. 196Q) and ~AGUMO (1973) revcaled that some of the gre<>.test earthquakes 

(M ~ 8) which occurred in and nea:: la.pan wcre preceded by seismic:illy quiesccnt 

periods of several tb a few tens oî years. Simila r ;ihenomené.'. have beea rçponed also 

from other scismic zones incluéing Alaska and the Alcutians (SvHs, 1971 ). South 

America (KELLEHER , 1972), and major portions of the Circum-Pacific belt (K[LLEHER 

et al. , 1973; KELLHIER. i972; KELLE!-IER and SAv1:--;o, 1975). The sear;::h for pre­

scismic reducti o n in regiona: seismicity lws been successfully extended to smaller 

curthquakes of magnitude 6 to 7 (r.g .. BoRO\'IK et al., 1971; ÜHTAKE, 1976). 

As a resuit of t!icse studies. the recognition of seis 1nicity gaps in active seismic 

zones is considcred to be a promising merhod for prdiction of major earthquakes. 

This notioa was suggcs!ed for California earthqu;.:kes in aa earlier sludy .by .Aui;:-.i. 

') Intern :itiona! Jn s~itu te of SCismolosy and E~rth <; •Jake Engineering. Hyakunin-d10 3 -~?. 8, 
Shinju~u-ku . Tokyo . .J apan . On leavc fro rn ti1 e \,l:irinc Science Institute . L:111,·crsity ofTex:is. USA . 

~) l\larinc Science In ~ titute. Gccphysics L:iboratory, University of Texas. 700 The Strand. Gaheston. 
Texas 7755U, USA. 
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et al. (1965). Sorne investigators, on the other hand, have cmphasized that str.ong 
earthquakcs are frequently preceded by a markcd increasc in local seismicity (c.g.; 

FEDOTOV, 1967; SADOVSKY et al .. 1972; SUYEHIRO and SEKIYA, 1972; WESSON and 
ELLSWORTH, 1973). KELLEHER and SAVl:-<O ( 1975), however, revealcd that prier 
seismic activity, if any, is generally con fin cd to the vicinity of the epicenters. of pending 
large earthquakes, and extensive portions of the future rupture zones commonly 
remain aseismic until the time of the main shocks. 

SCHOLZ cr al. (1973) ascribed both the quiescence and resumption of seismic 
activity. together with other prc.monitory phenomena. to pre-seismic di!Jtancy of 
the crust and consequent fluid diffusion. According to this hypothesis. seismic 
quiescence is attributed to the inc:-eased strength of a medium as pore pressure · 
drops in the dilatancy-hardrning stage; while the renewal of seismic activity occurs 
with the recovery of pore pressure and consequent weakening of the medium un der 
shear stress. Further investigations of the nature of scismicity gaps can be expected 
to break new ground , not only for phenomenological earthquake prediction, but in 
the physical understanding of earthquake occurrence. 

The present paper reports a significant decrease in shallow seismicity near Oaxaca, 
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Seismicity and tcctonic sctti r.g of the Mcxi~o-Middlc Amcrican region. Sm::il! circles and triangles are 
epiccr.tcrs of m~jor shallow (Il :5 r,5 km) and de~p (fi > 65 km) focus ca rthqu:ikcs, respcc tivdy . The 
scismic data ::ire takcn from the table comrilcd by D UDA ( 1965\ for the pcriod 1397..: 1964 (ML ~ 7). and 
PDE for 1965-1975 (Ms~ 7 or 111b ~ 6.5). Piatc boundarics arc ddineatcd after MoDIAR and SYKES 
( 1969). The region of the pn:sent study is shown by a rectangle covering southcrn Mexico and western 

Guatemala. 
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Southern Mexico, in recent years. Based on this finding, we attempt to predict some 
of the characteristics of future earthquakes which may take place in this region. 

2. Tee tonie sett ing 

Figure 1 shows the epitenters of major earthquakes which have occurred in the 

. Mexico-Central America region since 1897. The tcctonic elemcnts of MoLNAR and 
SYKES (1969) are also given in this figure . An active seismic belt follows the Pacifie 

margin of Mexico and Central Americë, paralleling the Middle America. Trench. 

This activity is associated with the subduction of the Cocos plate under the Americas 

and the Caribbean plates. The pattern of activity is typical of island arcs, and the 

deep seismic zone is well delineated down to a depth of 250 km (MOLNAR and SYKES, 
1969; SrOIBER and 0.RR, 1973). The greatest earthquakes ofthis region have occurred 
along the Pacifie coast, and were mostly of the low-angle undcrthrusting type in 

accordance with the subduction mode! (MOLNAR anà SYKES, 1969). The region of our 
present study includes the most active part of the seismic belt as outlined by a rectangle 
in Fig. 1. 

3. Seismicity gap · 

Figure 2 compares the shallow seismicity (H < 60 km) of the southem.Mexico­

Guatemala region for two successive time intervals: (a) June 197i :_May i973, and 
· (b) Jun e 1973-May 1975. ThP- data are taken from the Preliminary Determination of 
Epicenters (POE) published by the 1ationai Earthquake Information Service (NEIS) 
of the United States Geologica 1 Survey . 

For period (b), an area bounded by 95.5°W and 98°W, as outlined by a rectangle, 
is almost comp!etely frec of shallow earthquakes of sufficient magnitude to be 
reported by POE (M ~ 4 or larger). Assurning that epicenters are distributed 
randomly throughou~ the active bèlt, the probability that this gap could occur by 
chance in a given 2-year period is about 1 in 36,000 (Sec Appendix). An additional 
40 to 50 earthquakes have been located by the NEIS in the seismic zone of Fig. 2 
between l June and 31 December, 1975 (latest data available tous). None of these 
occurred within the quiescent zone, so that the assertion of nonrandomness is 
furth er strengthened. 

The seismic history of the anomalous arca is illustrated in Fig. 3 by a magnitude 

versus time diagram for shal!ow earthquakes (H < 60 km) which occurred in the 

present seismicity gap since 1963. This figure demonstrates a clear ïeduction in 
earthquake occurrence, starting in mid-1973, followed by complete quieTence for at 
least 2.5 years. Such a prolon;ed period of quiescence. is clearly unusual for this 
region. 
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Epiccntral distribution of shallow earthquakes (H < 60 km) which occurred in the southem Mc::x ico­
Guatemala region during the period of (a) June 1971-~fay 1973, and (b) June 1973- May 1975. The area 
cf scismic qu iescence during the latta period is outlined by a square . Two ellipses show aftershock zones 

of the Oaxaca earthquakes of 1965 and 1968, respectively. 

4. Oaxaca earthq!i.akes of 1965 a1ïd 1968 

Two large earthquakes have occurred m the Oa.xaca reg10n during the past 
decadc : 

Aug. 23. 1965 <p 

Aug. 2. l 968 <p 

16 .33°N, ), = 95.80°\V, JI= 29 km, Ms = 7i ~ 7~ 

16.56"N,;., = 97.79°\V, JI= 36 km, Ms = 7.5 

(aftcr the B11/leti11 of the International Seis111ologirnl Ce1llïe). The approximate 
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Magnitude versus time dia gram of shallow earthquakes (H < 60 km) .,..hich took place within the square 
in Fig. 2(b) since 1963. Each event reportèd by POE is plotted by a vertical segment of which kngth cor­

responds to its body wave magnitude. 
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Figure 4 
Change in regional seismicity prior to the Oaxaca earthquake of August 23, 1965. Upper: Solid and open 
circles indica te sha llow earthquùes (H < 60 km) for the pcriods of seismic quiescence and resumption 
preceding the main shock. rcspective!y. The shaded arca is the after:;hock zone of the main shock (cross 
mark). Lower: Magnitude ~ersus time diagram for the earthquake; wiiich took pince insidc cf the rectangu-

lar area shown in the uppcr figure. 

aftershock zones of thcse events are· plotted in Fig. 2(b) by ellipses. Bo th of these 
earthquakes were preccdcd by c:nomalous chan ges in locai seismicity. For the former 
case, local seismicity exhibited 3 quiescent stage from !ate 1963 to mid 1964, foliowed 
by a renewa l of activity prior to the main shock (Fig. 4). For the latter case, pre­
seismic quiescence was more distinct while resumption of activity was weak (Fig. 5). 
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In tbis paper, we refer to the period of quiescence as the :x stage, and to the period of 

renewed actiYity as the f3 stage. The time interval between the onset of the t:t. stage and 

occurrence of main shock was 1.5 to 2 ycars for the Oaxaca earthquakcs. lt is not 
clear whether the activities of the f3 stage were confined in the vicinity of the epicenters 

of the main shocks or not. Such a detailed analysis seems to require more reliable 
location of the epicenters, and also more cumplere covcrage oi small e;1 rthL1u ;1 k·-:-s . 
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Figure 5 
Change in regional seisrnicity prior to the Oaxaca earthquake of August 2, 1968. See Fig. 4 for explanalion. 

lt is intercsting to note that aftershocks did not completely fi.l i the seismicity ga p 

suggesting the smaller dimension of the rupture zone compared with the seismically 
anomalous area. 

The foca l mechanisms of the earthquakes were typical underthrust with shallow 
dip angle. The azimuth and plunge of the slip vector for the 1965 earthquake is 

reported by MüLNAR and SYKES (1969) as </J = N36°E and b = 14°,. respeciively. 
Fig. 6 shows distribution of P initial motions of the 1968 event based on readings 
from microfil m records of the World-·Wide Standard Sta tion Network. The slip 
corresponds to a low angle thrust with <P = N49°E and b = 6°. 

Both· of the main shocks were located neai- the northern e:xtremes of their after­
shock zones. This suggests that the rupture started at depth beneath the landward 
(NE) end of the dislocati on , and unilatc"ra ll y propagated towards shailower depth 

along the subducted pla te interface. This pattern of rupture prop<~gation is frequcnt ly 
found for larg-:, thru~ t-type earthquakes as discussed by KELLEH.ER et al. (1973) . 
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Summarizing the above di scussion s, th e Oaxaca earthq uakcs of 1965 and 1968 
are characterized by marked similarit ics in magnitude, space-timc patterns of 

precursory seismicity change, focal mcdianisms, and rup ture patterns . These 

systematics may be usef ul in predicting the characteristics of future earthquakes in 

this region. 

AUG. 2, 1968 
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Equal arel projcçtion (lower hemisphere) of seismic r:.idiati on p:ittern for the Oaxaca earthquake of 
August 2, l 96S. Solid and open circles indicate cor.1pressional and di lata tional in itial motions oï P 
wave, respcctively. This radiation pattern can be intcrpre ed as r~presenting unde rthrusti ng on a fa ul t 

plane d ipping at a shaliow angle to the northeast. 

5. The impending earthquake 

The arguments presented abo·1e suggcs: tous tha t the rela tive seismic quiescence 
near Oaxac;i may be signaling the eventual occurrenct> of a large earthqu akc in this 

region . We try to predict the most probable characteristics of the an ticipa ted earth­
quake in the following. 

,,fagnitude 

The size of the present seismicity g:ip is roughly 7 x 104 km 2 in a rea, and 300 km 
m linear dimension , respectively. Ursu and SEKI \1955) and U1su (1961) found 

•', 
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statistical relations between the magnitude of a main shock M and area A or Jinear 

dimension lof its aftershock zone: 

log A = 1.02 M - 4.0 

log l = 0.5 M - 1.8 

(1) 

(2) 

Direct application of th ose formulae results in magnitude 8.6 - 8. 7 for the future · 
. eartbquake if we assume tha t the aftershock zone will completely cowr the present 
. zonè 6f quiescence . This seems unlikely, however, based upon the data presented 

above ~~1hich suggests that the size of the aftershock zone is no;mally smaller than the 
· preceding seismicity gap, at least in the Oaxaca region. Moreover, strain energy has 

been released in the eastern and westera parts of the seismicity gap by the recent 

earthquakes of 1965 and 1968 (sec Fig. 2). Thus, we would expect that the central 
area between those aftershock zones is the most likely site of the next large earthquake 

in this region . The separation between those two previous aftershock zones is roughly 
comparable wi th their dimensions. Therefore, the magnitude of the predicted 

earthquake may also be comparable to the previous events, that is, 7} - 7i. 
According to M·mERso:-: and WHITCO'.>IB (1975), the linear dimension, L. of an 

area showing anomalous behaviour prior to an earthquake is empiricalJy related to l 
by a simple formula, 

log l/L 2 = - 3. (3) 

Combining (3) with (2), magnitude 7.3 is predicted for L2 = 7 x 104 km 2
• In 

conclusion, 7} ± i/4 is the best estimate we can makf for the magnitude. 

Location 

As stated above, it appears likely that the aftershock zone of a future earthquake 
will occupy the central part of the present seismicity gap. The earthquake will probably 
be of the thrust type. The rupture is likely to begin in the northcrn portion of the 
zone and propagate southward. judging from the past instances. If this is the case, 
the epicenter of the main shock should be in the region, q; = 16.5° ± 0.5"N and 
). = 96.5° ± 0.5°W. 

Occurrence lime 

More than three years ha\ c passed since _the onset of seismic quiescence in the 
Oaxaca region . This is substantially lon ger than the precursor times of the previous 

Oax:-ica eanhquakes. 1\s yet, we h:.lve no reliable basis for predicting the time of 
occurrence. The prccursor rimes obscrved for the 1965 and 1968 Oaxaca earthquakcs 

(magnitude 7-} ~ 7~) were much shoncr than the 13 to 31 years expecteJ from the 
magnit udc-precursor time relations by \VH!TCO:\IB et al. (1973), SCHOLZ et al. (1973), 
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11nd RtKITAKE (1976). This suggests th at precursory timc relations rnay vary grc.atly 

between various tcctonic provinces. lt may also indicatc tha t some cornpletely 
difTerent phcnomcnon from the pre\·icus studies is bcing observcd. ln any case, 

previous standard magnitude-precursor timc relations do not seem to be applicable 
in the prcsent examplcs. HO\n:ver. a rcsum ption of seisrnic activity corresponding to 
the /3 stage ofactivity, may be expected prior to the future, large earthquake as in the 
cases of 1965 and 1968. 

6. Discussions and conclusions 

Since June 1973, the frequency of shallow earthquakcs in the area of Oaxaca, 

southern Mexico, has becn unusually low, This area experienced two major earth­

quakes in the past decade: an event of magnitude 7.5 in 1965 . and one of magnitude 

7}-7t in 1968. These were both preceded by intervals of quiescence (a stage) and 

following resumption (/3 stage) of local seismicity in advance of the main shocks. 
Previous case studies suggest that the f3 stage is nota universa l phenomenon as is 

the rt. stage. Although it may partly be attribu ted to insufficient detcction capability, 

there a re some cases which definitely contradict our finding. KELLEHER and SAVINO 
( 197 5), for instance, reported that the prior seismic acti vity was not dctccted with 

reasonable coverage of small earthquakes for the Sitka earthquake of 1972, Ms = ï.6 
and others. However, the contrast is no wonder because the pattern of earthquake 
scqucncc~ g-;-catly depe:~ds en regio!1al characteristics cf the lithosphere. Based on 

la bora tory experiments of rock fracture, MOGI (l 96û) revealed that the main rupture of 
nonuniform medium tends to accompnny distinct activity of foreshocks, which 
does not appear for a uniform medium. Structural irregularity of the medium and 
consequent local concentration of stress is considered to be the basic preccndition 
for increasc in seismicity prior to the main sh ocks. 

Therefore, the f3 stage is expected to appear only for regions of nonuniforrn 
structure . Rcally, the region of our present concern exhibits various i:-,dications of 
nonuniform , block-like structure. It is the conclusion of Srnrnrn ar.d CARR (1973) 
that the underthrust lithosphere of the Mexico-Central America rcgion is broken 
along tear faults into 100 to 300 km long segments. In such nonuniform rcgions, the 
weakest portions of the lithosphere will sensitively respond to the tectonic force 
buildi::ig up so that seismicity change is expected to be a useful measure for prcdicting 
large earthquakes. 

Based upon the significant scalc of the current seismicity gap, both in time and 

space, together with the previous pattern of eanhquake occurrence, tilc probability 
of a future , large carthquake in this area is considercd to be high. The focal mc-:hanism 
of the impending earthquake is expected to be a low angle underthrust associatcà with 

subduction of the Cocos pl:ne under the Mexico-MidJ!e America arc . The magnitude 
andepicentralcoordinatesareestimatedtobeMs = 71±J,andrp=16.5° ± 0.5°N, 
.À. = 96·5° ± 0.5°W. No reliable estima te of occurrence time can be given. 
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.Whilc the evidence presented here is certainly not conclusive. we believe that ît is 
strong enough to justify the initiation of a pro gram of measurements in the Oaxaca 
region . If possible, the program should · ir.clude monitoring of microearthquake 
activity, seismic wave velocity, and crustal J eformation. Among these, systematic 
monitoring ofmicroeanhq uakes may be the most effective and simplest method since 
a renewa l of activity (/J stage) preceding the main event is expected . Detection of a · 
significant increase in seismic activity in the regi on would not pinpoint the time-of­
occurence, but it would serve as a warning that the time remaining before the eanh­
quake might be quite short. 
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1e;ma11ne- hl- ioax1al load Resistors 

8010 80M 

(j) FINISH : BNP-Bright Nickel Plated ; 
SP- Silve r Plated; 

LB!O-Lusterless Black 
Ename! 
(Fed. Spcc. TT-E -527) 

© M ade l 8161 Fan is 115 Vac 50/60 Hz. 
Other supply vo ltages and freql!en­
ci es on requ est. 

NOTES: 

6 

These dry (air) d ieleclric TERMA­
LINE Load P. esistors c;i n be op­
eratcd in /l.NY posi tion. 

Ambient Air Temperalure Range 
for l isted continuous power rating 
is -40 ' t o + 4S ° C. For hieher am­
t t emperatures. see Power De-

; Cur,es on p. 39. 

l..- ·Con nector equipped Loads arc 
shown with the ac type normally 
supplied. For other available types, 
see p. 3é. 

50 ohms nominal 

8166 

; :\> 
80BNCM 

specifications 

T POWER 1 Maximum VSWR Limits l 
RATING, and FREQUENCY RANGES 1 

cw 1 DC 1GHz 2 2.5 3.5 4 GH2 

MODEL 1 

INPUT 
CONN. 

NOM . SIZE 1 1 
INCL. CONN. I WEiGHT 1 FIN~SH 

8010 

8011 

80 F 

80 M 

80 CF 

80CM 

80 BNCF 

80 BNCM 

80 TNCF 

80 TNCM 

80 SCF 

80 SCM 

8052 

8053 

8080 

8085 

8160 

1 

8164 

8166 

l 8161 ® 

2W 

2W 

5W 

5W 

5W 

5W 

5W 

5W 

5W 

5W 

5W 

5W 

lOW 

lOW 

25W 

50W 

1 l OOW 
1 

lOOW 

150W 

225W 

1.04 1.06 1.1 

1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

N(F) 1;{6Diaxl1/2L 1% oz BNP 

1.04 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.06 N(M) %Diax15/sl 1%oz BNP 

N (F) % Hex x 3V4 L 4 oz SP 

N (M) % Hex x 33/a L 4 oz SP 

C (F) % Hex x 33{6 L 4 oz SP 

C (M) % Hex x 3}{6 L 4 oz SP 

BNC (F) % .Hex x 3Vs L 4 oz SP 

BNC (M) % Hex x 3K6 L 4 oz SP 

TNC (F) % Hex x 3Vs L 4 oz SP 

TNC (M) % Hcxx3K6 L 4 oz SP 

SC (F) % Hex x 3J{6 L 4 oz SP 

SC (M) % Hex x 3% L 4 oz SP 

1.2 N (F) % Hex x 3K6 L 4 oz LBE 

1.2 1 N (M) % Hex x 31/2 L 4 oz LBE 

1.25 QC-N (M) 1V4x l %x5Vs L 9 oz LBE 

1.25 QC-N (M) 1%x1%xS1/s L 15 oz LBE 

1.2 QC-N (M) 4'l's x 53{6 x 6 L 36 oz LBE 

1.2 QC-N (F) 2% x 2% x 7 L 48 oz LBE 

1.2 QC-N (F) 4 X 4 X 7V2 L 96 oz LBE 

1.2 _l_.__,__,_o_c_- N_("'_~l__.__ __ 5 ~_4_x_5~_,6_x 7_
1
})_'6_L_.__s_2 __ o_z_J__L_B_E___. 

ADDITIO~JAL PRODUCTS LISTEO 1:1 CATl\LOG S~?PLE'.'CH 



tl1e indispensable mode/ 43 

QC-Filter 

QC-Cannectars 
Cawhide Carrying Case CC-1 

Madel 43 
Plug-in Elements 

f'LU ELEMENTS for use with Mode! 43 THRULINE Wattmeter. 
Sele._ _ .1e or more elements to suit your frequ ency and power 
ranges. When ordering, specify catalog number and THRULINE 
model number. 

Also for use with Models 4311, 4311-200, 4313, 4501. 4521, 4522. and 
4526 THRULINE Wattmeters, 50!1 Line Sections equipped with 
QC-Conn ec tors or Ys" EIA Flanges, and TERMALINE Wattmeter 
Mode! 6151. 

Table 1 

STANDARD ELEMENTS (CATALOG NUMBERS) 

Frequency Bands (MHz) 

Power 2- 25- 50· 1 OO· 200- 400-
Ranc:e 30 60 125 250 500 1000 

1 watt 

60-80 MHz 
80-95 MHz 

Table Il 

LOW-POWER ELEMENTS 

Cat. No. 2.5 watts 

060-1 60-80 MHz 
080-1 80-95 MHz 

Cat. N~ . 

060-2 
.. · ~: ··· . ·- .080-2 

S watts SA SB SC so SE 95-125 MHz 095-1 95-150 rvi8i_:: . 095-2 
10 watts lOA 108 
2S watts 2SA 258 
SO watts SOH SOA SOB 

100 watts lOOH lOOA 1008 
250 watts 250H 2SOA 2508 
SOO watts SOOH SOOA SOOB 

1000 watts lOOOH lOOOA 10008 
2500 watts 2500 H 
5000 watts SQOOH 

Table 111 

HIGH-FREQUENCY ELEMENTS 
(CATALOG NUMBERS) 

l Frequency Bands (MHz) 

Power l 950- 1100· 1700- 2200-
Range 1250 1800 2200 2300 

r-
l w lJ lK ll lM 

2.5 \", 2.5J 2.5K 2.SL 2.5M 
5 W3ttS SJ 5K 5L SM 

10 watts lOJ lOK lOL lOM 
25 watts 25J 25K 25L 25M 
SO watts 50J 

100 watts lOOJ 
250 watts 1 250J 

lOC 100 lOE 110-160 MHz 110-1 

25C 250 25E 150-250 MHz 150-1 

soc soo 50E 200-300 MHz 200-1 

lOOC lOOD lOOE 275-450 MHz 275-1 

250C 2500 250E 425-850 MHz 425-1 

500C 5000 SOOE 800-950 MHz 800-1 

lOOOC 10000 lOOOE 

Table IV 

LOW-FREQUENCY ELEMENTS 
(CATJl.L OG NUMBERS) 

Madel EC-1 
Carrying Case for 

Plug-in Elements 

Power 
Range 

1000 watts 
2500 watts 
5000 watts 

10000 WôtcS 

lOOOP 
2500P 
5000P 

lOOûOP 

RF DIRECTIONAL COUPLER PLUG -IN 
ELEMENTS for sampling of the main 
line signal at a fi xed attenuation level 
are 1 isted on page 37 

ADDITIO !:AL PRODUCTS l.I STEO IN CJl.TALOG S UPPLE~.'ENT 

150-250 MHz 150-2 
200-300 MHz 200-2 
250-450 MHz . 250-2 
400-850 MHz 400-2 
800-950 MHz 800-2 
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S~Gr·{P.L G!-r~Ei tl\TOFlS \hp): ... · 
Precision, high siDbility, AM-FM, 0.5 to 1024 r!iHz \ ·\ 

• Wide frequency and power range 

• Lo· roadband and close-in no ise 

• Co dted. metcred AM and FM 

8640A 

Description 
The 8640 Signal Generator covers the frequency range 500 kHz to 

512 MHz (450 kH z to 550 MHz with band overrangel and can be 
extended to 1100 MHz with a n interna! doubler (Opt 002). Using the 
117108 Down Convcrtcr. the 8640 frequency range can be extendcd 
down to 10 kHz. An optional au dio oscillator is also available with a 
frequenc y range of 20 H z to 600 kHz. Th i broad coverage , toge ther 
with calibrated output and modula tion , provides for ccmplete RF 
and IF performance tes ts on virtually a ny type of HF, YHF, and 
U HF receivers. 

Both solid state ge nerators 8640A an d B have a.i output level 
range of+ 19 to -145 dBm (2 V to 0.013 µ.V) which is calibrated, 
metered , and levelcd to within :!:Ü.5 dB ac ross the full frequency 
range of the instrument. 

The 8640A/B gencrators pro vide AM, FM, and pul se modulation 
for a wide range of receive r test applica tions. This modulation is 
calibrated and metered for direct readout under ail opcrating condi­
t ions . 

A reverse power protection option (Opt 003) is availablc to el imi­
nate instrument damage due to acc identai transm itt e r keying. This 
modul e protects against up to 50 watts o f app li ed power a nd auto­
mat ical!y reset s upon remova l of th~ excessive signal. 

S;:i"r.tr2 l!y p tire out;J11t siqn'11S 
Noise perform ance of the 3640 i ~ state-of-the-art for a solid -s ta te 

generator. The high-Q cavity oscilla tor has been optimized with use 
of a low-noise microwave transi sto r for spectally pure output sig­
nals . 

At 20 kHz offsets from 230 to 450 ~I Hz. SSB phase noi . e is > 130 
dB / P low the carrier le ve l and rises to 122 dB / Hz at 550 MHz. 
Thi ~ .l-to-noise ratio incre:ises by a pproximatcly 6 dB for each 
d i\'i ~. ,)J the output frequcncy dm~ n to the broadba nd noi e noor 
of better tha n 140 dB / H z . This excertional noise performance is 
4 lso pre served du ring F~I modulation and in t e ph asc-locked mode 
Of the 864QB. 

--·---- --- - - ------- - - -- --

Models S640A, 86408 -~'---··· 

• The 86408 also fc3tures : 
internai ph ase Iock synch ron ize r 

external count er to 550 MHz 

r.iechanic ::i l dial o~ built-in c ou nter 
There are two versions of the 8640 Signal Generators. One, <he 

8640A, has an easy-to-read slide rnle dia! wi th scales for each of the 
JO output frequency ranges . There is an additional scale to provide 
direct readout of the output frequency even in the INTERNAL 
DOUBLER band, 512-1024 MHz. 

The 86408 has the same performance features as the 8640A, but 
incorporates a built-in 550 MHz frequency counter and phase Iock 
synchronizer. 

The built-in 6 digit counter di splays the output frequency and can 
also be used to cou nt external input signais from 20 Hz to 550 MHz. 
This elimina tes the r.eed for a separate frequency counte r in many 
measurement systems. 

Internai push utton synchroriizer 
At the pu sh of a button, the 8640B built-in phase Iock syn­

chronizer Jacks the RF output frequency to the cry s~al tim e base 
uscd in the counter. ln thi s locked rPode , the output s tabi lity is 
better th an 5 x I0- 8/h a nd the spec tral purity and FM capab ility of 
t he unlocked mode a re preserved. For hi gher stability, it is poss ible 
to Iock to an ex tcrna l!y applied 5 MHz standard. Two 8640B's can 
also be locked toge th er for various 2-tone measurements. . 

ln the phase loc kcd mode. inc reased resolution is available by 
using the 1/z digit increment button. For example, 500 Hz resoluti on 
is po ss ible for frequencies between 100 and 1000 MHz. 

Ff~ whil e phase locked 
Wh en phase locked. full FM capability is preserved down to 

modul at ion ra te s of 50 N.z . The narrow bandwidth of th e phase Iock 
loop (<5 Hz) provid es fo r FM niodulation up to ~50 kHz rates a nd 
assures no degradation in noise from the unlod. ed mode. This crys­
tal stability. coupled with the precision modulation and low noise, 
makes the 8640B ideal for te sting narrowband FM or :::rystal­
controlled rece i vrrs. 

-....~ .. ..,....,,. ... ,,_, __ ~~ ----- ·-··-....,...-·------
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FM/AM Modulation Meter TF 2304 combines high 
accuracy with automatic tuning and autornatic level 
setting. lt has been desig ned primarily for the servicing 
and production testing of radio communications systems. 
particul arly mobile radi o tran smitters . a:-id it covers carrier 
frequencies frorn 9 to 12 ·5 MHz and frorn 18to1000 MHz. 
-,~ deviation is measu red in eight ranges from 1 ·5 kHz to 

0 kHz full scale. and a.m. depth is measu~ed in two 
; :lges of 30% and 100% f1.1ll scale. with a further unca li­

brated ran ge of 10%. Accuracv for both f.m. and a.m. 
measurements is ±3% of full scale . 

\ 

14074/1 

An outstand ing feature of this instrument is its ease and 
speed of use-leading to considerable time savings in 
production testi ng. To make a measurement it is on!y 
necessary to couple the r.f. signal to the input and select 
the measurement reguired. the meter wil l th1rn tune auto­
matically to the ca rri er frequency. set the sig nal level and 
disploy the f .m. deviation or a.m. depth on the panel meter. 
The whole measu rement process takes only a few seconds. 

Applications 

This new modulati on meter has been designed vvith 

r · • . t ... 
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DANA MOOEL 

2000 

DANAMETER 

1.3 FEATURES. 

1.4 Fully Portable. Operates up to 

one full year on a single 9-vol t (transistor 

radio type) dry battery. A switch position 

is provided to measure the battery volt­

age . The instrument is ext reme ly light, 
weighing only 1 pound and opcrates at 
full accuracy al any angle. A handy 
carrying case is available. 

1.5 Easy to Operate. One switch 
selects off/on , battery test, and ail fonc­
tions and ranges. lnput leads are never 

1-2 

required to be rnoved for a special range, 
fonction, or polarity. 

1.6 Digital Display . Liquid crystal 

readout provides large easy to read num­
bers and decimal placement as well as 

autornatic polarity indication on DC volts 

and current measurements. 

1.7 High Input Resistance. Ten me g­

ohms on ail d.c.v. ran?>es and two meg­
ohms on ail a.c.v. ran ges insures h.igher 
measurement accuracy in high impedance 

circuits and minimizes affecting circuit 

Table 1.1 - Danameter Specifications (continued) 

oc AC 
Ranges: 2 . 20.200. 1000V 

Resolut ion: 1 mV 

Polority: Automatic 

Rang<n : 2. 20. 200. 1000V 

Resolu ttor. : 1 mV 

Accurocy: ±l.S% Rdg + 2 Dig its) for 
1 yea r. ±SOC(f ~ 60Hz to 400Hz 

Accuracy : 2V 
± (.2S% Rdg + 1 Dig it) for 
1 year. t..SOC 

20, 200. 1 KV 

BandwK:fth: SO Hz to 2 kHz 
±11% Rdg + 2 Digits) for 
1 year. ±SOC 
-4S Hz to 4 kHz 

±!.3S% Rdg + 1 Digit) for 
1 year, t..S°C 

Temperature +()OC to +200C and 30° C to SOOC 
Coefficient : ±l.02S% Rdg + .05 Digit)/OC 

±l 1.S% Rdg + 2 Digits) for 
1 year, ±SOC 
120. 200. 1 K 'J ranges) 

Input lmpedance: 2 Megohms rn para lle l with SO p F 
Input Res irunce : 10 Meo;io hm s, ail range s Ae-spons:e Time: 3 secs, Max. 
NMR: SO dB Min .. at or near 60 Hz Maximcm Input: 250 VDC • 1 KV peak AC (700 
R1ttpons<1 Timo: 1 second VR MSI. any ra nge 

Maximum ln~t: 1000 VDC or peak A.C .. any 
range 

OHMS CURRENT (OC} 
Ranges: 2 Kn . 20 Kn . 200 Kn. 20 Mn Ranges: 20 µA, 1 mA. 200 mA. 2A 

R~IL'1io n in Resolutior. : 10 nA 
·-

Aa:uracy : 20 Kn. 200 Kn Acr.uracy: ±1.5% + 2 Dog1ts) fo r 1 year, 

±<.S% Rdg + 1 Digit) for 1 •5oc 

year. ±soc Vol ta ge Burden : .25V Maximum to 1/2 Amp 

2 Kfl Re-sponse T1me : 1 second 
±!.S% Rdg + 2 Digits) for 1 Maximum Input 
year. ±S0 c Current 2 Amps RMS !fuse protected) 

20Mfl Voltage_ 250 VDC or RMS AC 
il.7S% Rdg + 1 Digit) for 1 (S sec. Max. 20 µA range) 

, year. ± SOC 

Hl!nponse T1mc 2 seco nd s 

Curre nt Thr ough 2Kfl 100 µA 3 .5 V Max. 
Unknown : 20 Krl llJOµA Open cir· 

200 Kfl 10 µ cuit 
20 Mfl 100 ry A Vo lt age 

Ma.s;imum Input 250 VDC or RM S AC. any 
Vol~go : ra nge 

1-5 



ELECTRONIC COUNTERS 
Low cost counters for frequ ency measurements 

Models 53D1A, 5382A & 5383A 
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5381A 5382A 

Description 
Gene ra i 

The 5381A, 5382A and 5383A are a logi cal result of H-P's long 
stand ing leadership in frequency counter develop ment. Leaders hip 
in quality, technology and efficient production procedures allows 
H-P to offer a price / performance combination in the se three preci­
sion in stru ment unequalled in their product category. The se cou n­
ters are designed to deliver reliable , high quality operation in such 
dive rse areas as: Production Line Testing, Service and Calibration 
(2-Way Radio and tes t equipmen t), Frequency Monitoring, Educa­
tion a nd Training. 
Re so lution 

The 5318A, 5382A and 5383A employ the direct counting tech­
,1ique and wi th 7, 8 and 9 digits respectively offer resolution of 10 H z 
in 0. l sec, l Hz in 1 sec and 0.1 Hz in JO seconds. 

,;ecifications 
53 81A 
Fr e quency range: 10 Hz to 80 MHz. 
Sens itlvity: 25 mV rms-30 Hz to 20 MHz, 50 mV rms-10 H z to 
80 MHz. 
Input impedance: 1 Mn, <50 pF. 
Input attenuation: Xl, XIO, XIOO. 
Accu racy: ::!:: 1 cou nt ::!:: timebase error. 
Resolution: direct count; 1 Hz. in 1 second . 
Ga te times: 0 .1 second. 1 second, 10 seconds. 
Oispl a y: 7 LED Digits. 
Rea r panel input: sens iuvity: TTL levels or 2.5 V rms. 
Ratio: Rcar Panel Input, 10 kHz to 2 MHz. 
External frequency standard: Rear Panel Input, 1 MHz. 
Tim ebase 

Frequenc y: 1 MHz. 
Aging: <0.3 ppm/montl1. 
Tempe rat ure: ::!:: JO ppm 0°C to 4-0°C. 
Une voltage: ::!: l ppm for 10% line change. 

5382A 
Frequency range: 10 I-iz to 225 MHz. 
Sensitivity : 25 mV rms-30 Hz!.:> JO MHz, SO mV rms- 10 Hz to 225 
MHz. 
In put impedance: ! Mn, <40 pF . 
Inpu t atte nu ation: X 1, X 10, X 100. 
Accuracy: ::!: 1 cou nt :!: timcbase error. 
Resolutio n : direct count: 1 Hz in 1 seco nd . 
Gate time: 0. 1 second, 1 second, 10 seconds . 
Olsplay: 8 LED D igi ts, non signific:rnt zero blanking. 
Rear panel Input : St°n5itivity: 250 mV rms. 
Ratio: Rear Panel In put, 100 kHz to 10 MHz. 

'e rn al frequency standard: Rear Panel Inpu t, 10 MHz. 
,1ebase 
Frcquency: lC Ml Iz. 
Aging: <0.3 ppm /month . 
Temperaturt:: ±1.5 ppm 0°C ta 40°C. 
Li ne 11oltage: ::'.:0.5 ppm for 10% line change. 

. ' ' 

I ",--" -

n_-.,W ttip . l iUJij. !l'{X· · 

5383A 

5383A 
Frequency range: IO H z to 520 MHz. 
Sensitivity 

1 Mn: 25 mV rms-20 H z ta IO MHz. 
50 mV rms- IO H z to SO MHz. 

son: 25 mV rms-20 H z to S20 MH z. 

.... jjii!ipti~ 

Input lmpedance: selectable: 1 Mn, <40 pF or son. 
Input attenuation : l Mn X 1. X 10; son X !-fuse protec ted. 
Accuracy: :!: 1 cou nt ::!:: timebase errer. 
Resolut ion: direct count: 1 H z in 1 second . 
Gate lime: 0.1 second , 1 seco nd, JO seconds . 
Display: 9 LED Digi ts, nonsignifïcant zero blanking. 
Display test: RESET function (activated with GATE TIME 
switchj illumina tes al l segments of all digits. 
Rear panel input: sensitivity: 2SO mV rms . 
Ratio : Rear Panel Input, 100 kHz ta IO MHz. 
Extem a l frequency standard: Rear Panel Input, JO MHz. 
Timebase output 

Frequency : 10 MHz timebase. 
Voltage: 200 mV p-p in to son Joad. 
Control: ac tive with Rear Panel lntemal /Extemal switch in inter­
nai positi on. 

Timebase 
Frequency: 10 MHz. 
Aging: < 0.3 ppm/monfü. 
Temperature: :t2.5 ppm 0°C to 40°C. 
Line voltage: ±0.5 ppm for ± 10% line change. 

TCXO Option 
Opt 001: (available for ai l modcls) Temperature Compensated C rys­
tal O scil lator T imebase 

Frequency: IO MH z. 
Aging: < 0.1 ppm month. 
Temperature: <!ppm 0°C to 40°C. 
Line voltage: ±0 . l ppm for :!: JO% line change. 

Note: Timebase outpu t available for both 5382A ar.d 5383A wi th 
Option 001. Rear Pane! Input not available. 
5380 Farnily gen eral data 
Overflo w: LED lamp indicator when most signi!icant digi t ove r­
flows. 
Rese t: manual se lec tion of rc set occurs when GATE T IM E swi tch 
is between th ree normal pos itions . 
Package: ruggcd, high strength metal case . 
Op era t ing temperature : 0°C to 4-0°C. 
Power req uirem ents: 100, 120, 220, 240, Y rms ( + 5% , -- 10%) 
48-440 Hz; 20 VA max imum. 
We ight : net , 2.2 kg (4 3/, lb). Shipp ing. 2.8 kg (6 lb). 
Dim e ns ions : 98 H x 160 W x 248 mm D (3 '/2 x 6'/4' x 93/4'). 

Ordering information 
5381A !requcncy Counter 
5382A Frcquency Counter 
5383A F 1 equcncv Co un ter 

Opt 001: TCXO (ail modcls) 
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Auto ma tic Distortion Meter TF 2337 A enables extremely 
rapid measurements 10 be made of both level and distort­
ion factor of audio frequency test signais . lts nove! design 
eliminates the need for setting a reference level and for the 
usual precise tuning of a fundamental rejection filter. Th e 
only contrais are push-button switches for selection of 
input voltage range. distortion range and fundamentel 
frequency. 

Once the appropriate ranges have been selected any 
nurnber of sim!lar disto rtion and level measurements ca n 
be made without further adjustmen t to the instrument. 

c 2337A is thus highly su1table for repetitive measure-
1ents. as may occur in factory testing of a.f . amplifiers. 

oscillators. tape recorders etc. 
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The Measuring System 
The instrument measures distortion factor in the con­
ventional way: i.e. by filtering out the fundamental 
component and comparing the amplitude of the residue 
with tha t of the total signal . 

Intern ai noise is very low owing to the use of field- effec t 
transistors in the input stages. so that distortion down 

-=:._') 0.01 % can be measu red with an input signal of 1 OO mV. 

A nove! ratio circuit is used for making the measure­
ment. The input signal. zfter impedance conversion and 
amplification, is spllt into two para:lel paths . One poth 
includes a fund amental rejection fi lter consisting of an 
active twin-T fou r stage element. After reject1on of the 
fundamental . the harmonie and no ise content are 
amplified and fed to an a.c. to d .c. converter. ln the 
parallel path the complete signal. fundamental plus 
harmonie. is passed through an a.c. to d .c. converter and 
is then recomb1ned with the filtered signal in a ratio 
circuit. The output of this circuit is related to the value 
of the harmonie con tent of the total signal arid is d1splayed 
on the front-panel DISTORTION meter. 
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_ _,/ _. D ist o rtia n an a lyze rs 
Mpdels 331A, 332A, 333A, 334A 

Description 
Hewl ett-Packard's moc!els 331A, 332A, 333A and 334A Distor­

tion Analyzers measure total distortion down to 0.1 % full scale at 
any frequency bel\ een 5 Hz to 600 JrHz ; harmonies are indicated up 
to 3 MHz. The' e instruments measure noise as low as 50 microvolts 
and measu re voltages over a wide range of level and frequency. 
Refer to table beiow fo r ava ii able models and feature s 

Auto H~Pass l<>-Pass AM 
Madel Ho. Hullinf; Fil ter Filter Detector 

331A 
332A X 

332A Oo: H05 X X 

333A X X 

334A X X X 

334A Opt. HOS X X X 

Option OO 1, for each modei , features VU meter ch aracteri stics con­
form ing to FCC req uirements. 

331A Specifications 
Dlstort lon measurem ent range: any fundamental frequency , 5 Hz 
to 600 kHz. Disto rtion leveis of 0.1%-100% are measured full scale 
in 7 ranges. 
Di stor!ion rneasurement âccuracy 
Harmonie measurement a ccuracy (full scale) 

Fundamental In put le ss Th an 30 V 

Ra nge ::o 3% : 6% 

100%-0.3% 10 Hz-1 MHz 10 Hz-3 MHz 
0.1% 30 Hz-300 kHz 20 Hz- 500 kHz 

Fu ndam ental Input Greater Tha n 30 V 

Ra nge :o3% ::: 6% 

100°0- 0.3% 10 Hz- 300 kHz 10 Hz-500 kHz 
0.1% 30 Hz-300 kHz 20 Hi-500 >Hz 

::0 12% 

10 Hz-1.2 MHz 

1 ::0 12% 

1 10 Hz-3 MHz 
f 10 Hz - !.2 MHz 

Eliminntlon characteristlcs : fundamental rcjecti on >80 dB. Sec­
ond ha rmonie accu racy for a fundamcntal of 5 to 20 Hz; better th an 
+ l d B; 20 Hz to 20 kHz: be :tcr tha n :t:0.6 dB: 20 kH z to 100 kHz: 
better than -1 dB ; 100 kH z to 300 kHz: bettcr than - 2 dB; 300 kH z 
to 600 kHz: better th an -3 dB. 
Di stortlon lntroduced by Ins trum e nt: >-70 dB (0.03%) from 5 Hz 
to 200 kH z . >-64 dl3 (0.067<:) from 200 kH z to 600 kHz. l\l eter 
indica tion is proponional to aver.igc value of a sine wave. 
Frequ ency calibration accuracy: betler th an :::: 5o/c: from 5 Hz to 
300 kH z . Be tter lhan :t: 10'/c from 300 lo 600 kHz. 
Inp ut lmpeoa nce: dis tort ion mode; 1 J\t n :t: 59f: shuntrd by <70 pF 
( 10 ~ID -hun1ed by < 10 pl- wi th 1-1 P 1000 IA 10: 1 divider probe). 
Vo ltme!er mode : 1MO :::: .57<: shunted by <35 pF 1 to 300 V rms; 1 
MD ::::5 'ié shun led by 70 pf, 300 µ..V to 0.3 V ~m s . 

Input level for d!stortlon measuremonts: 0.3 V rms for 100% set 
level or 0.245 V for 0 dB set level (up to 300 V may be attenuated to 
set level reference). 
OC Isolation: signal ground may be :t:400 V de from extemal chas. 
sis. 
Voltmeter range: 300 µ..V to 300 V rms full scale (13 ranges) 10 dB 
per range . 
V lt t 0 me er ac:c!.lrac~: using f ront pane 1 . input terminas) 

Ranee =2% =: 5% 

300 ,,v 30 Hz-300 kHz 20 Hz- 500 kHz 
1 mV-30 V 10 Hz-1 MHz 5 Hz-3 MHz 

100 V-300 V 10 Hz-300 kHz 5 Hz-500 kHz 

Noise measurements : voltmeter residual noise on the 300 µ.y 
range: <25 µ..V rms, when termina ted in 600 (shielded) ohms, <30 
µ..V rms terminated with a shielded· !OO kn resistor. 
Output: 0.1 :t:0.01 V rms open circuit and 0.05 :t:0.005 V rms into 2 
kfl for full scale meter def1ection. 
Output lmpedance: 2 kfl. 
Power suppiy: 115 or 230 V :t: 10% , 50 to 66 Hz, approxima tel y 4 
VA . 

332A Specifications 
Samc as Mod e! 33 lA excep t as indicated below: 
AM d e tector: high impedance DC restoring peak detector with 
semi-conductor diode operates from 550 kHz to greater than 65 
MH ?.. Broadb:;nc! input , no .tun i;ig is r~quired . 
Maximum Input: 40 V p-p AC or 40 V peak tran sient. 
Distortion lntroduced by detector : carrier frequency: 550 kHz-
1.6 MHz: <50 dB (0.3%) for 3-8 V rms carriers modulated 30'7.:. 1.6 
MH z-65 MHz : < 40 dB ( 1%) for 3-8 V rms carriers modulated 
30%.Note, Q.stort1on 1ntroduced at caJJ1er levels as low as 1 Volt is normally < 40 d B ( 1%) 550 
kHz Io 65 MHz for carr.ers modulated 30%. 

333A Specif icati ons 
Same as Mode! 33 IA exceptas indicated below: 
Auto matic r.ulling mode: set level: at least 0.2 V rms 
Frequ e ncy ranges: X l , ma nuai null tuned to Jess than 3% of set 
level; to tal frequency hold-in :t:0.5% about true manual null. XiO 
through X 10 k, manual null wned to Jess than 10% of set level; to tal 
frequ ency hol d-in :::: 1% about true manual nuli. 
Autom atlc null accuracy: 5 Hz to 100 Hz : meter reading within 0 
to + 3 dB of manual null. 100 Hz to 600 kHz: me ter reading within 0 
to + 1.5 dB of ma!'ua! null. 
Hlgh-pass fllt e r: 3 dB point at 400 Hz with i8 dB per octave roll off. 
60 Hz rejection 40 dB. No1 mally used with fundamental frequen­
cie s greate r than 1 kHz . 
Powe r supply: same as Mode] 33 1A. 

334A Specificâtions 
Same as Mode! 333A ::xcept includes AM D etector described under 
M ode] 332A: 
Gcn era l 
Dim e ns ions: 426 mm W x 126 mm H x 337 mm D (16 .75" x 5" x 
13. 25"). 
Welght: net, 7.98 kg (17.75 lb). Shipping , 10. 35 kg (23 lb) . 

Orde oin g instru ctions 
Option OO 1, indicating meter has VU ch arac teri stics 
conform ing to FC·c requiremcnts for AM / FM and TV 
broadcas ting 
H05-332A (mcets FCC requirements) 
H05-334A (meets FCC requirements) 
331A Di tortion Analyzcr 
33:'.A D istonion Analyzcr 
333A D is tonion An aiyzer 
334A Distorti on Analyzer 
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3310A 

Description 
The 33 JOA Function Generator is a co mp act voltage-controlled 

generator with IO decades of range. Ramp and pulse fun ctio ns a re 
available in addi tion to sine, square and tri angle. OC offse t a nd 
c:xtemal voltage control provide wide versatility . A fas t rise ti me 
sync output is pro vided . A spect ratio of no nsy mmetrical function is 
15%/85% . 

The 33 JOB has all the features of the standard 33 IOA plus single 
and multiple cycle outp ut capa bility . 

.1310A Specifications 
Output waveforms : sinuso idal , squa re , tri a ngle, pos itive pul se, 
nega tive pul se, pos itive ramp a nd negative ramp . Pulses and ramp s 
have a tïxed 15% or 85% dLlty cycle. 
Frequency range: 0.0005 H z to 5 MHz in 10 decade ranges. 

~ ; n e v:ave fr equency respons e 
0.0005 Hz to 50 kHz: :t lo/c ; 50 kHz to 5 MH z : :t4%. Reference , 
k.Hz al full amplitude into 50!1. 

r::· :~1 accu racy 
0.0005 Hz to 500 kHz ail functions: :t(l% of setting + !% of full 
sca!e). 
500 kHz Io 5 MHz sir.e, square and triangle: :t(3% of setting + 
3% of fui l. sca l e). 
500 kHz Io 5 MHz pulse and ramps : :!:(10% 0f se tti ng + 1% of full 
scale). 
Maximum output on high: >30 V p-p open ci rc ui t: > 15 V p-p into 
son (except fo r pulses a t freqLlency > 2 MHz). 
Pulse (f reque ncy > 2 MHz): > 24 V p-p ope n ci rcuit: > 12 Y p-p into 
50fl. 
Mi nimum output on low: <30 mV p-p open circuit: < 15 mV p-p 
mto son. 
Output li; vel contrai: r.rnge >30 dB. H igh and iow outputs o verlap 
for a tota l range of >60 dB; low ou tp ut is 30 dB down fro m high 
output. 

S!n e \•: ave distortion 
0.00CS Hz to 10 Hz; >40 d B( !% ). 
10 Hz to 50 kHz (on 1 k range): >46 dB (0 .5%). 
50 kHz to 500 kHz: > 40 dB (! 'fr). 
500 kHz to 5 MHz: > 30 dB (3% ). 
Square wave and pu lse response: <30 ns rise and fall times at 

1 o utput. 
1a ngle and ramp linearity: 0.0005 H z to 50 kHz, < l~ . 

.mpeoance : 50!1. 
S; l ~ C 

l.m plitude: > 4 V p-p open circuit , >::'. Y p·p into 50fl. 

----··---------~---~ ·-----

& FUr,!cTiON GENERt-~TORS th~\ 
0.0005 Hz to 5 h'l Hz function generators t . .:\ 

Model 331 OA/8 

33108 

DC offs e t 
Amplitude: ±10 V open ci rcu it, ±5 V into 50n (adjustable). 
No!e: max V ac p + V de ofTset is ± 15 V open circuit, ±7.5 V into 
500 . 
External frequency control: 50: 1 on a ny range. 
Input requirement: with dia! set to low end ma rk, a positive ramp 
of 0 to + 10 V ± 1 V wi ll li nearly inc rease frequency 50: 1. With di a! 
set at 50, a li nea r negative ramp of 0 to - 10 V :t 1 V will lineariy 
decrease frequency 50: l . An ac voltage will FM the frequency about 
a diai se tti'1g with in the limits (l < f <50) x range setting. 
Linearity: ra tio of out put frequ e ncy to input volt age (D.F /D. V) will be 
linear within 0 .5%. 
Sensitivity : ap proximately 100 mY /minor div is io n. 
lnpu! impedance: IO kn. 

Ge ner a l 
Power: 115 V or 230 V ±10%, 48 H z to 440 Hz , < 20 VA max. 
Dimensions : 114 mm H (with o ut removable feet ) , 197 mm W , 
203 mm D ( 41/2' X 7"/," X 8"). 
Weight: net, 2 .7 kg (6 lb): sh ipping , 4.5 kg (10 lb). 

Acce ssories avail;:;b le 
HP Pa rt No. 5060-8540 lïl!e r strip for use with HP 105 tA Combining 
Case or HP 5060-8762 Kack t'\dapter Frame. 

331 OB Soecifications 
Same as 33 IOA wi th the follow ing ad ditions: 
Modes of operation: free run, single cycle, mu ltiple cycle. 
Frequency range : 0.0005 H z to 50 }( H z (u sable to 5 MHz). 
Single cycl e* *: ext trigge r (ac co upl ed) requires a positive-going 
square wave or pul se from 1 V p-p to JO V p-p . Th e triggering s ignal 
can be de offse t , but (V ac peak + V de) ~ :!:: 10 V ext gate (de 
coupledJ wili trigger a s ingle cycl e on a ny pos itive waveform ;;,, 1 V 
but ~ 10 V wh ich has a pcriod grl'!a te r tha n th e pcri od of the 33 IOB 
output, and a d uty cyc le Je ss th a n the pcr iod of the 33 lOB output. 
The ga te signal ca nnot excecd IO Y . 
Multip le cyc le'* : manual t1igger wi ll ca use the 33 108 to free run 
whcn de prcssed. When the trigger button is rekased , the waveform 
will stop on the same phase as it started. E xt ga te will cause the 
33 IOB to free run when the ga te is he ld at be tween + 1 a nd + 10 V. 
When the ga te signal goes to zero, the 33 IOB will stop on the sam e 
ph ase as it sta rted . 
Siart-sto p phase : the sta rt -stop phase ca n be adjus ted over a 
ronge of app roxima tely ± 90°. 

Or der ing i n ! c rrr. ~~t: cn 

33JOA Func ti o n G cnerato r 
33108 F unc tion Generator 
"l his spwl1 cat1un applies on the X.0001 to XI k range only . 

....... / ...... '"" ...... -- __ .. 
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5-MHz, 5 mV/div Io 100 V/div 

Internai Battery Pack 

lnlegral 1 M!.1 probe 

The 221 miniscope weighs just 3.5 pounds 
and easily fil s into a tool box or brie! case; 
it measures only 3 x 5% x 9 Y2 inches. Yet it 

' the capabiiit y needed io r on-site service 
nuch of today's comp lex equipment. Th is 

ve rsatile miniscope has a 5-MHz bandwidth, 
5 mV/div sen sitivity, and 0.1 µs/div sweep 
speed (using X10 magnifier) packaged in an 
impact:resistant case. 

In terna i recharg eable batte ri es allov: at least 
three hours ' operation away !rom external 
power sources. And the 221 will operate and 
ch arge from practica l ly all th e world's pr in­
c ipal line volt ages: 90 to 250 V, 48 to 62 Hz 
ac, or 80 Io 250 V de (ail without making any 
ch ange to the instrument). 

The 1 M!.1 low-capacitance probe m1n1mizes 
circu it loading. And because it's attached, 
it's always th ere when you need it. Vertical 
deflection factors extend !rom 5 mV I div, a l­
lowing on-screen measurement of signa is up 
to 600 V de + peak ac. The 1 µs/ div !o 200 
ms/div lime base is enhanced by a X10 mag­
nifi er that extends the fastes! range to 0.1 
µs/div. A vari able contrai wil l slow the sweep 
to about 0.5 s/ div. 

A single rotary contrai on the 221 is used fo r 
all trigge~ leve l and slope functions. Contro:s 
are side mounted and recessed for protec­
tion , yet are h;gh ly accessible. 

!n applications where it is necessary to 
"" ~a t" the oscilloscope to make you r mea­

ments, the:se can be e leva ted to 700 V 
+ peak ac) above ground v1hen operated 

:rom batteries. Although insulated, caution 
should be observed when conn ec t ing the 
probe to test points. 

- -----

:..< 

The 221 is used in a wide assortment of 
service applications. For example, in data 
transmission systems, th e 221 is preferred 
for maintenance and tes! ing of modems, be­
cause of ils ability to see higher frequency 
noise. !t can even help in building roads .. . 
by spot chec king motors in a road grade r's 
closed loop servo system that contro:s blade 
angle, depth of eut. and machine direction. 

VERTIC AL DEFLECTION 

Ba ndwidth - De ta S MHz (-3 dB po in t) at all ca li­
brated deflection fa ctors. Lower - 3 dB point ac 
coupled is approx 2 Hz. 

Defle ction Factor - S ml// div ta 100 V/div. accu rate 
3% !rom o0 c Io +4o0 c and ±S% from - 1s0 c to o0 c 
and +40°C to ss 0 c . Uncalibrated , cont inuous ly vari ­
ab le between steps to al leas t 300 V/div. 

Input R and C - Approx 1 M!l paralleled by app rox 
29 pF via attached s ignal acquisition probe. 

Max Input Voltage - 600 V (de + peak ac) , GOO V 
P·P ac, S MHz or less. 

HORIZONTAL DEFLECTION 

Tirne Base - 1 µs/div to 200 ms/div, accu raie ± 3%. 

Magn ifier - l nc reases ail sweep speeds X10 w'th a 
max swecp speed o f 0.1 µs/di v. 

Vari ab le lime Contrai - Extends minimurri sweep 
rate to approx 0.5 s/div. Cont inuously variab le be-
tw een calibrated se tt ings. · 

TR!GGER 

Modes - Automatic or manuaf. Le ve l and slop0 se­
le ctt.?d with a single contr-:>I. Au tomatic ope ration 
mi nimizes tr igger adiustmer.t and provides a bright 
baseli ne with no input. 

Trigger Sensilivily 

Mode To 1 MHz At 5 MHz 

Inte rn a! 0.S div 1 div 

Ex tern al 0 .5 V 1 V 

X-Y OPERATIO~I 

Inpu t - X-axis in pu t is via th e external tri gger or th e 
external hori zontal input. 

X-axis O'! f!cc1ion Factor - 1 V/dh1 ± ~0°/o, de to 500 
kHz . Sensilivity is increased by a factor of 10 (0. 1 
V/d!v) usinç ho:lz(>ntal ;;iagr.ifi;::; r. 

M•Y Ex1 ern2I Horizont al In pu t Voilage -- WO (de + 
peai- ac), 200 V (P· P ac) to 500 '-Hz, decreas ing to 20 V 
P·P ac at s MH l . 

-------·--~~-. ~--,... ---~·~,.. --.-.---·r-·.,._.-~~~ 

200-Series Miniscopes 
;, f.ifi;- u· .. • 110:.1;01" • 

221 

fnpul fmpedance - Approx 0.S M!l parall e led by ap· 
prox 30 pF. 

Df SP LAY 

Cri - 6 x 10 div (O .S cm/div) dlsplay. P31 phosphor 
normal ly supplied; P7 optional wilhout extra charge. 
1 kV acce leratinil potentiel. 

Graticule - Internai, black line, non-lllum inated. 

ENVIRONMENTAL CAPABILITIES 

Amblent Temperature - Operating: (battery on:y), 
- 1s0 c to +ss0 c. Ch arg ing or operating !rom ac 
l ine: 0°C to +4o0 c . Nonoµerati ng : -4o0 c to +6ooc . 

Alt i tude - Operating: 2S .OOO ft , decrease max tem­
perature by 1° C/1000 ft above 1S,OOO fi. Nonopera t­
ing: S0,000 lt. 

Vibrallon - Operating and nonoperating: 15 minutes 
along each of the 3 major axes, .06 cm (0 .02S in) P·P 
displacement (4 g·s at SS Hz) 10 to SS to 10 Hz in one 
minute cycles . Held for 3 min al 5S Hz. 

Humfdity- 5 days at +sooc , 9S% humidity. 

Shock- Operating and nonoperaling : 100 g·s, Y2 cin e, 
2 ms duration each direction along each major axis . 
Total of 12 shocks . 

OTtfE R CHARACTERf ST fCS 

Power Source• - Internai NiCd batteries provide at 
least 3 hours operat ion at max trace intensity for a 
charging and operat ing temperalure between + 20°c 
and +30° C. Internai charge r charges the batter;es 
wh en connected to an ac llne with instrument turn ed 
on or off. De o;::>eration is automat ically inte rru pted 
wh en ballery voitage d ro ps to appro x 10 V to p rotect 
batteries against deep discharge. Full recharge re· 
quires approx 16 heurs. Extended time charges wi l l 
not da mage the batt eries. An expanded scale batte ry 
meler ind icales full , low, and rech arge . External power 
source, 90 to 2SO V ac (43 to 62 Hz) or 80 to 2SO V de, 
5 W or less. 

lnsufation Volt age - SOO V rms or 700 V (de + pcak 
ac) when ope ra ted from intern ai batt eri es, with the 
line cord stored and the plug prolected. When ooer­
ated from an extern al line, l ine voltage r;:-l us flca ting 
voltage net ta excr.ed 250 V rm s; or 1.4 x line + (de 
+ peak ac) not to exceed 3SO V. 

Di mensions ln cm 

Height 3.0 7.6 

Width S.2 13.3 

Dep th 9.0 22.8 

Weighls (approx) fb kg 

Net 3.S 1.6 
(without accessories) 

Shipping ,,,,s.o o:=3.6 

WCLUDED ACCE SSO RIES 

Vi ewing hood (016-0199-01) , carrying case (016-05 12-
00), neck strap (34 6-0104-00), Two spare fus es (1S9-
0080·0C) . 

ORDER ING INFORMATION 

2:::1 Osc illoscope, 
including batteries and probe 

INSTRUMENT OPTION 

Or.tian 76 , P7 Phosphor 

OPTIONAL ACCESSORIES 

Alfiga !or Clip Kit - A pair of alligator clips th at alloN 
connecting the probe and ground lead to large (up 
to 'li! in) conduc tors . lncludcs. red clip (OiS-0229-00) ; 
yellow clip (OlS-0230-00); 6-32 to probe adapter (103· 
OOS1-C1). 
Order 01 5-0231-00 

Probe·t iµ to BNC Panel Connec ter Ad apter 
01der 013-0084-01 

Probe-tip to BNC Cuble / ,dap tc r 
Order 103 -00~6-00 

Power Cab le Ad apte r Asse r.ib ly - A short length of 
two-wi re row~ r cord . On e end has a ~crr:alc NEC 
socket f:tting th e 200-Ser ics power cords; the othcr 
e nc.! is lçft ope n so th a t the wire s can be allé1Chcd to 
a non-NcC male power plug. Plugs not supplied. 
Order 161-0077-01 

117 
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5-MHz, 5 mV/div Io 100 V/ div 

Interna i Battery Pack 

lntegral 1 Mn probe 

The 221 min iscope weighs jus! 3.5 pounds 
and easily fils into a tool box or brief case; 
it measures only 3 x 5 % x 9V2 inches. Yet it 

'.he capability needed for on-site service 
. uch of today's complex equipment. This 

versatile miniscope has a 5-MHz bandwidth, 
5 mV /div sensitivity, and 0.1 µs/ div sweep 
speed (using X10 magnifier} packaged in an 
impact- resistant case. 

Internai recharg eable batteries a llow at least 
three heurs· operation away from external 
power sources. And the 221 will operate and 
charg e from pract ically al! the world's prin­
cipal line voltages: 90 to 250 V, 48 to 62 Hz 
ac, or 80 to 250 V de (ail without making any 
change to the instrument). 

The 1 Mn low-capacitance probe min imizes 
circuit loading. A nd because it's attached, 
it's always th ere when you need it. Vertical 
deflection factors exter.d from 5 mV /div, al­
lowing on-screen measurement of signais up 
Io 600 V de + peak ac . The 1 µs/div to 200 
ms /div time base is enhanced by a X10 mag­
nifier that extends th e fastes! range Io 0.1 
µs/div. A variable contrai wil.I slow the sweep 
to abou t 0.5 s/ div. 

A si ngle rotary contra i on the 221 is used fo r 
al ! tri gger level and slope func tions. Contrais 
are side mounted and recessed for protec­
tion, yet are highly accessible. 

ln applications where it is necessary to 
1t" the oscilloscope to make your mea­
ments, these can be elevated to 700 V 
+ peak ac) above ground when operated 

f rom batteries. Although insulatcd, caution 
should be observed when connecting the 
probe to test points. 

The 221 is used in a wide assoriment of 
service applications. For example , in data 
transm ission systems, the 221 is preferred 
for main tenance and testing of modems, be­
cause of its abi lity to see h igher frequency 
noise. 1t can even help in bui lding roads .. . 
by spot check ing motors in a road grader's 
closed loop se rve syste:n th at contrais blade 
angle, depth of eut, a01d machine direction. 

VERTICAL DEFLECTION 

Bandwidth - Oc Io 5 MHz ( - 3 dB poi nt) at ail ca'i­
brated deftection factc rs. Lower -3 dB point ac 
coupled is approx 2 Hz. 

Deflecti on Factor - 5 mV/div to 100 V/div. accurate 
3 % from o0 c to +4o0 c and ±5% trom - 15°C to o0 c 
and +40° C to 55° C. Uncalibrated . continuously va;i­
able between steps to at leasl 300 V/div. 

Input R and C - Approx 1 Mfl paralleled by approx 
29 pF vi a attached signal acquisilion ~robe. 

Max Inpu t Vo ltage - 600 V (de + peak ac). 600 V 
p-p ac. 5 MHz or less. 

HORIZ ONTAL DEFLECTI ON 

Time Ba se -1 µs/div to 200 ms/div, accurate ± 3'>0 . 

Magn ifier - lncreases a!! sweep spe~ds X10 with a 
max sweep speed of 0.1 µs/div. 

Var iable l ime Cont rol - Extends minimum ~weep 

rate Io approx 0.5 s/d iv. Conlinuously variable be­
~wce n calibr ated settings. 

TRIGG ER 

Modes - Automatic or manual. Level and slope se­
Jected with a single contre!. Autom atic op-;ration 
minimizes trigger adj ustment and prov ides a briçht 
basel ine with no input. 

Trigge r Sensitivity 

Mode To 1 MHz At 5 MHz 

Internai 0.5 d iv 1 div 

External 0.5 V 1 V 

X-Y OPERATION 

Input - X-axis input is via the external trigger or the 
external hor izontal input. 

X-axis Deflection Factor- 1 V/div ±10%1, de ta 500 
kHz. Sensifr-1ity is increased by il fâ clot of 10 {O. 1 
V/div} us ing hor i:!o ntal magnifier. 

Max Ex!ern~I Horizonlal Input Voltage - 200 {de + 
peak ac). 200 V (p-p ac) Io 500 kHz. decrea sing to 20 V 
p-p ac al 5 MHz. 

200-Series Miniscopes 221-

input l mpedance - Approx 0 .5 Mn paral lel c d by ap­
prox 30 pF. 

DISPLAY 

Crt - 6 x 10 div (0.5 cm/d iv) display . P31 phosphor 
norm ally suppl ied; P7 optional without ext ra charge. 
1 kV accele rating pctential. 

Grat icule - Internai, black l ine , non- llluminated. 

ENVIRONMENTAL CAPAB I LIT IES 

Ambl ent Tempcra lu re - Ope rati ng: (battery only). 
-15°C to +55°C. Charging or operating !rom ac 
linc : o0 c to +40°C. Nonoperating: -4o 0 c to +so0 c . 
Altitude - Operating: 25,000 fi , decrease max tem­
perature by 1°C/ô000 fi above 15,000 lt. Nonoperat­
ing: 50,000 fi. 

Vibration - Operating and nonoperati ng: 15 minutes 
alon g each of the 3 ma Jo r axes, .06 cm (0.025 in) p-p 
d isplacement (4 g's at 55 Hz) 10 to 55 to 10 Hz in one 
m inute cyc les. Held fo r 3 mi n al 55 Hz. 

Humldity - 5 days at +50°C, g5% humid ity . 

Shock-Operating and nonopera ting: 100 g's, Vz sine, 
2 ms duration each direction along each major ax is. 
Tota l of 12 shocks . 

OTHER CHARACTERISTICS 

Power Sources - In ternai NiCd batteries provide at 
least 3 heurs operat ion at max trace in tens ity for a 
charging and operating tempe ratu re between + 20°c 
an d +30°C. In ternai charger charges the batler;es 
when conn ected to an ac line with inst ru ment :Urned 
on or off. De operation is au tomatic ally ir1ter ru pted 
when batlery vol tage drops to approx 10 V to potect 
batleries against deep discharge. Fu ll recharge re­
quires approx 16 heurs. Extended îime charges wil l 
no t damage lhe batle ries . An expanded scale battery 
meter indicates full. low, and recha rge. Erte rr.al power 
source. 90 te 250 V ac (48 to 62 Hz) or ac to 250 V dG, 
5 W or less. 

lnsulation Voltag e - 500 V rms or 700 V (de + peak 
ac) when operated f rom internai batteries . w i th the 
l ine cord stored and the plug protecled . When oper­
ated from an extern~ I line, l ine volt~ge plus floatmg 
volt<ge not to exceed 250 V rms; o r 1.4 x fine + (de 
+ peak ac) not to exceed 350 V . 

Dimensions in cm 

Height 3.0 7.6 

Wi dth 5.2 13.3 

Depth 9.0 22 .8 

Weights (appro x) l b kg 

Net 3.5 1.6 
(w ithout accessories) 

Shipping :::e a.o ::: 3 .6 

INCLUD ED ACCESSORIES 

Vi ewing hcod (016-0199-01). carrying ca se (016-0512-
00), neck s trap (346-0104-00). Two spare fuses (159-
0080-0C). 

ORDERI NG INFORMATION 

221 Osci lloscope, 
includ ing batteries and probe 

INSTR UMENT OPTI ON 

Option 76, P7 Phosphor 

OPTION AL AC CESSOR IES 

All iga lor Cl ip Kit - A pair of alligator clips that allow 
connecting tlie probe and ground lead to large (up 
to lh:i in) conductors. lncludf:s: red clip (015-0229-00); 
yellow clip (015-0230-00); 6-32 Io p robe adapte r (103-
0051-01). 
Order 015-0231-00 

Probe·tip to BNC Panel Connec ter Adapter 
Order 013-0084-0 1 

Probe·t ip Io BNC Cab le Adapter 
Order 103-0096-00 

Power Cable Adapter Assembly - A short length of 
two-wir e power cord . One end has a female NEC 
socket f:tti ng the 200-Series power cords; the cthe r 
end is lef l open so lhat the wires can be attached to 
a non-NEC mate power p lug. Plugs not suppl icd . 
Order 161 -0077-01 
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DESCRIPTION 
The DFl 11-rli is 2. complete, se!f-containeC: output inter­
face used lo transfer two independen t 16-bit, parai!e l 
data words from the POP-11 c01r1;:".1ter sys'.ern to a user's 
p2riphera! device. Il is di rectiy ccmp3tible wiih the 
PDP-11 UN!BUS 2nd is d esiçined ter in stal !a:· ion into one 
of th e ava i!ahle Srnal! Pe ri pf'i 2r-2! Controllu slots (S PCs) 
of a 8811-î·/., DD! 1-A. 0011 -B System tnterfncing Uni! 
or into the F'DP- ·11 p:-ocessor unit. 

The DR1 1-M consists of address s;:.;lec!icn logic, inter­
ru pt cent roi ancJ pïiority leve l ::>e!ect iog ir;, twc Dat::i 
Ruffer negislc r~~ (DB ris). one for eoc.:h word. 2:oc tw0 
indcpenden~ Co ntrol/S~;ltus Rogisters (CSFls). 

:e. 1:. ~1 t:J i~·tsr i: · .. ... c :"'~ ! ur b;.·t-2 ~~ci.:ï r~·~~~si: ir.: . ai':C ~h-? :·e ;;1: ­
ter contents car: be read back .into the processor u:-1der 
programconiro1. a!iowing th e f uil r3'.îÇJe of PDP- 11 instruc­
tions to be u::;:~d. lwo control and tv10 stutus lin es between 
the user's d <Jvice :-ind l he inted acc permit th ·? establ i::: h-

. ment of a har:d:;l w ke routine :o cfficie nt ly con trol ~h G 
transfer of d2la. 

Daté!, s\alus, and control signais frorn the intE:race to the 
user's devi ce: are suppi i2d fro:n open col lcctor ou:put 
drivers capaoiP. of s!n:,ing 32 mA of lo2ci current_ ëach 
output is connecled to +G V thruu·;J tt ~ pL:lh1p resistor. 
This fcatur"~' a!lv.·1s 3 varie!y of US fJr devices to l'8 
directly (;Orll:f'C;t>u te \h2 interfac2 \'1ithout ihG n '~8d 

of ex te mal !ine rjriv<';r::; and cii s::: rc~e componc:-rês . 

/ \li <lcidré-!SS ::;e lcc. t ion. interrup~ p:iori ty se l 2c~i:J;;, 2nd 
vecto r acicii GSS sc : ~~;: !ion is periormed u s i r 1 ~1 Du ':1 1 in­
li r,e Pacf;a \-:;c (!)'F') s·.-;i~ches mounted 011 the mo.:::uie. 
Thc0n ~:w it c!i~:s '. .:>.c.iii t2tc the inst::ii !at ion o~ ths m0ck_1:e 
by el inî in?.11l'!'J the-! n ~ed ior JAic.; ity plugs 3,nd su!t;ering 
or rr:ff,cvir;g jun-.::;u 1,;ad·o: for nckJ r oss and prio1 i ty 
s ~~ l l·!C.: t ion. 

Th 1 0~11 · ~\~ ic; d::s iç;n rci for ! ~ ~cr ~0 D~ i ca ti 0r:.:; and 
rec1uircs :~ rni1 :i11iurn of e; x\ (~ rn 0 1 !i<:rd\'." '1re to i:-np lc1T:e nt 
into th e Pï'~'-1 1 S/5 ~ e;n . Two 1,(i-pin conn ec '.c11::; arc ,::c':l ­
v .~ :~ie r>tiy r11c1:11: ' 0 .-1 11P3r !iü; cd<y~ of !he lHJêi rd. Th c:,e 
coi1 :1e:::lt'! :.- permit e:iti h.~r cr1(~ ortwo P.xtcrn.-i! ~'-'Vice s :c 
be ~z1si i y .::-c.nn r·cir:d usin çj l3C08ri or GC041 f<<c ~ cJb 'e;; 
5v;-1 il c<h l . ~ f r(_>!n r:.!'?,!T/<l .. lilf~ S" 1~ ;:1r .1l •c';' i i:·, 11 ,:, !·i.e ;n;:ii1;·11J 

C011nCCt(':S pil.il'iOIJr. t t?d <:nd é\r8 ~Uf'lplied in c>ny Spi;Cl­
fi -:;J l :~]rJÇ)'.h. 

'J !1 E'· intc1 face n1\:h.lu i,; c c:c upics 0r10 S PC si o t and is::: 
' (j1.Ji:' d - :1:J i~i1:, c:.-: tc:,1c• ccl -:n11 \-) 'if. ~;i11~1 i e--.viclth rnodu !c . 
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INTEi:RUPT 
CQ!'H ~OL ANJ \' tCTOR 

AOOP.ESS 

P0? - 11 UN IBUS 

TRAN SCE IVERS 
HIGH/LOW B'l'TE 

ADORE SS 
SELECTOR 

.,! · ~ 
~~Ql--1 R OUEST R 

~ $ 
0 ~ 
~ 0 

OATMCSP. MULTIPLEXER 
HIGH /tOW BYTE 

Co.' ·' TF.()(JSTATIJ S 
Rf GISlER ,, 

"' -:> OEVICE A 
~ DRIVERS 

l~ 
UStR'5 

OEVICE A 
usrn·s 

OE ViCE 8 

Dfiî 1-M Tvvo-word Outpu t UNIBUS lntorface M odu le 

i=E/\TUHES 

" Sc>lf-con!2inod interface for mountin!] in SPC s!ot of 
PDP-11 System !nterfaci ng Unit. 

" D110116-bi t d:!ta word outruts. 
" DuJI intc rru p t logic con t ~1 i noc on moo ule. 

Ou: put wo~d or byte add rc sa:)10~ storagc r~gi:; te r for 

ooch word. 
0 Swi tch-progr<11 ;Hn<1b lc devicc <.·nef voctor 3ddrc:: s and 

priority lcvc: I a:;c;i911rr.e nt s. 

"' Two indcponc 0nt CSF! rcç1 islcr s w i 1 h idcntical uil 
n:;s içi n1iw ;1t::; . 

o CSR contai ris vP. clo: Rddre~s and inter rupt priarity in 
addition to normal sla!us nnd contrai bits. 

o /\cld itionol on e-bit ·in put and l.Juifc rcd one-bit output 
in each CSR th :1t c:m be de fined !.:Jy user. 

n Signal outputs te clevices supplic d from CJ pen 
coll c.~ :::tor littc drivers. 

c Hanu shJl ~P si ~1 n ~ l é; controllc d by :nterrupts cr unc!c r 
proaré-irn con t ro i. 

c Progr<lni-co ntrol l·:.J d 0 .'.1 t:1 Flenciy h<tnclsh;ike sign :t l. 
ç l 'rc :>onts on!y 0 1! \> unit l o~d on u:m3US. 
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SW ITCH PHOGR f\ MfVi A BLE FU NCTION S 
Tl'ie DFi11-M modul e conl ai ns !wo DIP switch banks 
ÙSC:d !O convcnicnll;' se lec t the ci2vicc Z.dt.lress, !l ie 
VE-:::tor addres5, and the prior ity lcvc l of th e interrupt 
requests. 

'E-<::or Address 
Switches-

Priori ty LE"/C! 
Swiîches-

[}.?vice Address 
Swilchcs-

The v ector address of lhe intm rupt 
rou tine po inter located in memory is 
selected by six of the D IP sv1itci1es. 
allmving vectors of up to 77 4a to be 
specified. 

Two swilcl1es are prov ided to se lecî 
on e of th e four Bus Request priori ty 
lev0ls (BR4 tr.rough BR?) of the 
UNI B US. 

The address of tl1e device is assig ned 
with ten switcl1es. allowing the 
module address to be located within 
the upper 4 K address black dcdicated 
to peripherals and user's devices. 

DF,11-r.1 E LE MENTS AND SIGNAL FLOVV 
Tl1e main elements of ti1c DR 11-M interface modu!e 
a'."ld the d;; ta, cont ro l, and status signal fl ov .. • are shown 
o~ the di2gram. Th e module provicies the complete 
in terfélce logic necessai)' to ;:illow th .::; efficient 
tœnsle r of data frorn the UNI BUS to a user's device. 

CONTllOLJSTATUS FlEGISïERS 
8:ch CSR is a 1 &-bit re9 ister used to supply contro l 
;;,1 d st2tus inform2tion 1o the user's devicc and to pro­
v1jo con:rcl élnd status indicators of th e user's device 

.-ord- nddressable. 

DATA OUFFH1 FlEGISIERS 
Ezth DG Fi is used Io store 16 bits of d'<ta for transfer to 
! he device. The 03R is a read/write register a!lowing 
ihe fui! range of PDP-11 instructions to be used. 

DATA/ CSR r'IULTIPLEXER 
Trie mu ltiplex.er is control!ed by the decoded device 
?.::!dr2ss and selects e ither 16 bits of data from a 068 
o~ 16 bits of status and control inform2tion from a CSR 
for lr2nsfer to the U ~~! B US. The sc lccted output of the 
multip!excr is trans fGrrecl to the processor under pro­
ç·am control ihrough the UN 1 BUS îransceivers. 

/10DnE ss SELECTJOr' l LOGIC 
Th o <.!dc~ess selE-ction logic dccodes tile z.cldresses 
·'~,-;,ocia:~ci With C8Ct1 CSf~ and 0811 ahd Specifies th e 
ci : ~ ,?ct1on c f cJata trar:sfer. 

lNTEnF\UPT CONTf\OL LOGiC 
Tt10 inter ru~t c:ontrol logic requests bus m?.stersh ip on 
0:10 of the iour bus rcquc0 st lines of the UNI GUS, rro­
(iu~cs lhe interru pt rcqu~st. 2nd sp-::cifies the: vcc~or 
<":.i-:ircsscs of tl1e inter~upt rou tine µointcrs locéJted in 
m;:mory. 

I NTE:~~FA.CE SIGN,\ LS 

'1\ •fi::;us Sir,nals-Thc input 8nd output d31a, control. 
:ru st:.:ius Si'] rials ccnforin to the Uf\!18US sigrnl ~; pcci-· 
fi c-"'10;1s ou\iined in the / )DP- 'f 1 f,er10/1o r2!s f-lan ci!.Joof< 
P~ 1 ~ 1 iishcd by Digilal Equipment CorDor::ition. Trie 

DR11 -M module prescnts no more !han one unit Joad on 
any UNIGUS signal li ne. 

Devicc SignalsT 0'..1 1 lines provido TTL-compa t!bl e sig­
nais bctween cach CS~ and the external device and c;:in 
be used to establish a ha ndshélke routine for positive­
control data transiers. Two lines can be used for stat us 
information to and from the processor, and two lines 
provide controli ing in formation for dala transfers. The 
8-bit byte or 16-bit data word from the intc rfi:lce to th e 
device is supp li ed by the 16 Data Out lines. The general 
funct ion of the device interface signais is described ns 
foll ov:s; however, the actu al function can be determined 
bythe user. 

DATA l \.CCEPTED Input from the use r's device indicat-
1 N Signais ing that data has been accepted. 

DATA READY 
OUT Signais 

STATUS IN 
Signais 

STATUS OUT 
Signais 

DATA OUT 
Signais 

One line for each vvord. 

Input to th e user's device to specify 
that datais ready for transfe r. One 
line for each word. 

Addit ional input from the user's 
dev ice to the CSR. One li ne for 
each word. Function can be deiined 
bythe user. 

Add itional input to ihe user 's ciev ice 
from the CSR. One line for each 
word. Funct ion can be defined by 
the use r. 

Sixteen paral:e l lines to a user's 
device providing up te 30 V open 
collector b;-e2kd::11: .' '1 3nd c::p2bl e of 
sinkinçi up to 32 mA of current from 
the load . Eacll output has a 750 ohm 
resistor to +5 V. Fl es istors ca r. be 
re moved te drive a higi1er current 
upto 40mA 

GEN ER.Ci l SPEC!FiC fH IO NS 
Output Data Two paralle l 16-bit data lines 
Configuration 

UNI BUS Signais 

Operat ing l ",;:mperature 

Relative Humidity 

Size 

Power 

to a devic;e prov:j:ng TIL­
cornpatible levels. 

Presents a maximum of one 
unit load on a UN IBIJS line. 

5°C H 1 "1- j lo 50°C (122°F) 

10% to 90%. witllout 
condens::i ! ion 

Qu ad height-- 10.5 in. (2G 67 
cm); single width-0.5 in. (1 .2ï' 
cm); extoncJ.2d iength--8.5 i;•. 
(2 ~ .59 cm) 

+5 \/ ±5% at i .5 A nominai 
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DESCBlPïlON 
The DR11-L is a complete, self-contained input interface 
used to transfer two independcnt 16-bit, par2lle l d2ta 
words from a user's periplleral device to the PDP-11 
computersystern. lt is directlycompatible with the PDP-11 
UNI BUS and is designed for installat ion into any one of 
the available Small Peripheral Con.troller slots (SPC) of 
a BB11-M, DD11·A or 0011-B System lntertacing Unit 
and the PDP-11 processor unit. 

.. . ·· -.. . : : . 

The DR11-L consists of ;:iddress selection !agie, interrupt 
contro: Rnd priority level select logic, two Data Suifer 
Registers (DBRs), one for each word, and two indep2n­
dent Control/Status Registers (CSRs). One CSR is as­
signed to each input de. ta word and provides status and 
control in~orrn~ti<Y1 rluring a ·Nnrd t :ansfr:;r. 

: . : . ~-- ' : . : 

Two controi and two status lin es between the user's 
device and the interface module permi' the esta~ lis h­
ment of a handshake routine to efficiently control the 
data transfers. 

The input signal lincs are TIL-compatible with high 
threshold receiver inputs and built-in hysteresis for botll 
high and low thre::;hold, providir.g substnntia! ncise 
immunity. Input data lines are diode-clamped to +5 V 
and ground. Control lines from the user's device are 
diode-cl2mpcd to ground and pulleci up to +5 V by 
a rcsistor. 

Ali address selection, interrupt priority selection, and 
vector r..dd ress selec t ion is performed using Dual ln-
line PJckage (D l F) swi:chcs mounted on the rnodc;le. 
These switche~; fac ilitate the installRtion of t!1e mod~le 
by eliminating the need for so!der ing or removin g jumper 
leads for addrcss anê priority select ion. 

The Dri11·L is des igned for user applications ar.ci 
requi rcs a minimum of c;:tcrnal hard•·:are :o imp!emcnt 
into the rDP-·11 system. Two •.tO-pin conncctors are co:i-

. veniently mounted near the edgc of th e !.JoRrd. Tl1 e:>c 
connectors p2rmit ei t h~r one or two extcrn al dcv ices 
to be ea!;ily conncded using OC08R or BC0,1Z fi at 
C3bles éwail<1ble from DIGITAL. Thcsc cab!cs have th e 
matin (-J connectors pn.' rnountcd and are supplied in any 
spcc :ficd l e:~gt h. 

The: intcïinc:e 111odulo o.:cupies 011e SPC slol and is ü 

qu ;-ic.l· l: (: i•Jht, cxtcnded-lcnci1 l1, single-wio:h module. 

t ·:: 1 · ~. : r ·1 t -:; r: · : ! --------------·--·--·--1" I· ! l' ., . , 'r;l ' -· ·---.. ·-------
t ·

1 
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INT ERP.UP T 
(Q-ll ~C'•l NID 

VéCl OC? 
ACJ l><ES S 

P!.lP-11 UNIBUS 

l ADDRE SS 
SHECTO< 

[ - . -

DATA/CSR MULTIPLEXER 
HIGH/LOW SYTE 

l ~ 
CONTP-Ol/S TAT\.tS 

~tGl~ TER 

" - /.;:=::=;' 

u:.rn·s 
D~\'ICE A 

USER'~ 

DEVI CE B 

l CO'lTilOJ5'A.'1JS 
1 REGISTER -

1 B 

____ J 

DR ·i 1-L Two-vvord Inpu t UNi BUS Inte rface Mcdu le 

FE ATU FŒ S 

Self-containcd i11t8rface foi mounting in SPC siol of 
PDP-11 Sys tem l rite rf i1cing Unit. 

o Du<il 15-bit d<1L11·1crd inputs. 

Du al intcrrupl l':'\j;r; c0nt:1incd 0:1 module. 

lJ se1-dolinec l ft 11:,:ti0ns. suc!: :.i~~ module c\Jd, c::.s. 
vector ;:iddrcss. (!iid intcrru;-t pi'i'.)rity, :ire ccmfi' jLJrC)d 
by switchcs to cli1:iin~1tc sokl(!rcd jwnpc rs <lnd pnority 
pl1ins. 

o Input d i1 ta btd f,;r ior 0~1ch wo rd. 

o Two ind2pendent CSR registe1 s wi :h iden ti cal bit 
ass ionrnents. 

., CSR contai ns veclor addrcss and inte rrurt priority i:1 
au:.Jition to norm:ii sta tu s <ind coritrcl bits. 

n /\ddit ional on~·l.iit input and bu ffcred one-bit ou tput 
in e<~cll CSr-i til ::J c:.n be dcfined ~1y user. 

o H c:ncls hake ~iqnr-ils contro!led by in~cr,-u pts or under 
proçir:-i~ con troi. 

" Pro~3r<im-cc n lrollE!c.I D.:1t:-i r-:cady ha11clshake sig n2L 

.. rresen1s or.ly on e u:' il h~1ci on lJ Nlf3LJS. 



~· 

SWITCH PnOGH/i.MMABLE FUNCTIONS 
The Or~1 i-L mod ule contains tv10 DIP switch banks used 
to conve nient y se lect th e dc vicc ;:iddrcss, the vec tor 
c:déress, and the prio ity lcvel of the interrupt reC]'Jests. 

ector Address- Th e vector address of the inte rru pt 
Swilches routine pointer located in mc mory is 

selected by six of the switchcs, al low­
ing vectors up to 77 4a to be speci fied. 

Priori!)' Level- Two swi tchcs arc provid€d to s12 lect 
Swi tches one of the four Bus Request priority 

levels (BR4 through BR?) of the 
UNI BUS. 

Device Address-Th e address of the devicc is assig ncd 
Switches w itl1 ten switcl1es, ailow ing th e module 

add ress to be loc?.ted within the upper 
4K address block ded icated Io 
PBripherals and user's devices. 

OR1 i-l ELEMENTS A ND SIGNAL FLOW 
The main e!emcnts of the DRî î -L interface module and 
the data, control , and status signal flow are shown o;i the 
diagram. The module provides the complete interface 
logic necessuy to allow the effici2 nt transfer of da1a 
from the UNI BUS to a use r's device. 

CO NTROUST/\TUS REG ISTE RS 
Ec:ch CSR is a 1 G--bit register used to supply contre! and 
stc:tus in formation to the user's clevice 2nd to provide 
control and s'.2ius indicators of the user's device and 
i r:'.erf2ce to th::; procc ssor. Ench CSR is byte- 01 word­
-:iddress2b1e. 

DATA. BUFFEH REGISTER 
Ecçh Dl3 R is used to store 16 bits of data from a device. 
T ile conten:s of th e DBR are t ra nsferred to the processor 
u nder progr2m cor.trol as a 16-bit clata 1,vord or 8-bit byte. 
Wnen addrcsse ci by the processor or wh en an inte rru pt 
ïEquest is c.2~e :ied, the device dat a is l2tched into the 
OBR. Input dz.ta is not required to be held by the device 
f0~ the ent ire transfer operation, thereby permitting 
faster data transfern. 

DATA/CSR f,'.ULTIPLEXER 
Th e multiplexer is c onîroll ed by th e c:! 2coded device 
...,dciress and se lects ei t ll <:: r 1 G bits of data frorn 2. 0 8 ~ or 
16 b i~s of 2t2'.us 2nci cont ro i in form::;tion 1 rom <J CS R for 
tœn ~ fe r Io tl ;c UN: BUS. The s€lactcd cu l put ot the 
rnu!li;:il exe r is tr2n::fe rrcd Io t he processor uncc: r pro­
g:<: :n c ont rai :i1rough the ur-.iinus trnnsce ive rs. 

!~DDRESS SELECTION LOGIC 
Th e address scloc\ ion logic clccoc.Jes th e addresses asso · 
c :z;ed with eé.'.c l1 CSR and 0 !::3 R ar.cJ S!)ecifies th e direc­
tion of d 2ta t1 <:.nsl er. 

INTEr-lf:; urTCO NTiiOL LOGIC 
The in:erru ;:;t con '. ro i logic requ.:~sls bus rnastcrshir on 
o ne of the fcur bus rcqu(?S! l inc!:: of th8 U :\J!l3US, ~ro­
duces the i'.1 :0;rr1 pt req 11 cst . 2nd spec il i<.s the vcctor 
ëcldresscs of the intc rrupt routine pointers locott:d in 
rner;iory. 

INTERFACE SIGNALS 
UN/B US Sign<i ls-The input and out put dat n. cont rai, nnd 
st<itu s signa is conforni to the UNI GUS signa l spcc if ica­
tions outlined in the PDP-11 Pcrip /J eréJ/s Handbool< pub­
lished by Digiial Equipmenl Corporn tion. Th e Oil 11 -L 
module presents no more than one un it Joad on any 
UNI BUS sig nal !ine. 

De vice SignJ/s-Four lines provide TIL-compat ible 
signais between each CSR an.d th e externa l device and 
can be used to estab lish a handshake routine for positive­
control dnta transfers. Two lin es can be used for status 
information to and from the processor, and two lines pro­
vid e con trolli ng information for data transfers. The 8-bi t 
byte or 1 G-bit data word from the device to the in terf0cc 
is supplied by the 16 Data ln lines. The genera l fu nction 
of tli e device interface s ig nais is described as follows: 

DATA READY IN 
Signais 

DATA ACCEPTED 
OUT Signais 

STATUS 11'.J 
Signais 

STATUSOLIT 
Signais 

DATA IN 
Signais 

From each usc r's device indicating 
théit a data word or byte is ready for 
transfe r. One li ne for each input 
word. Causes a compute r interrupt 
if interrupt-enable CSR bit is set. 
From eac l1 CSR ind ica.t ing that a 
data byte or word has been r<::ceived 
by the DR11-L One li ne for eacll 
input word. 
Additional input frorn user's devic0 
to CSR. One line for eêch inp ~t 

word. Function can be defi r.ed by 
user. 
Addi t ionai outout !rom the CSR. 
One linc foï cach inp:Jt v1crd. f-:_i;-, (;­

tion can be defin8d by user. 
Sixteen da\ a input li ri es from each 
user's device or 32 data lir.es from 
one device. Each line is diode­
clarnped to +5 V and grou nd 2.t i.hc 
DR11-L 

GENERAL SPEC!F IC/\TIONS 
Input Dcita 
Configurai·ion 

UJ\!!BUS S ignais 

ü pernting Tempera~u. re 

Relative Humidity 

Power 

Two pan1l!el 16-bit data lines 
!rom a dcvice. 

Presents a mRximurn of one 
unit load on a Ut-..J IBL'S line . 
s°C (4·t °F) to 50°C (1 22 ° F) 
10% to SO '/~. without 
conclcnscitiori 
Ouad hcight - 10.5 in. (2G.67 
cm); sin9lo widih-0.5 in. ( '1. 27 
cm); extended length--8.5 in. 
(21.59 cm ) 

+5 V :±.5% at 1.5 A nominal 
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FE.C-.TUHES 

.. 48 optit:ally isolntac:l inputs pfu s ona interrupt 

(D SS11) 

• 4 8 buffared outputs, TIL or OP1Jn col lector, plus 

ono interrupt (D RS1 1) 

• AC input filters {optional) 

,. Opticelly isolated output drivors (optionu t) 

~ Screw t erminal r nncl (optiona l) 

TH E D RS11 AND D"S11 

The DRS1 1 and DSS 11 provide 48 dig ital inputs and 

outputs for the PD?-11 computer systems. Th e DRS11 

and DSS 11 optio11s consist of two basic modu les whicll 

am Smâll Periphera : S!c t (SrC)-computiblD. The output 

moduln (D RS 11) prov ides the user with 48 buffered 

outputs plus one HC filt ered interrupt input. The input 

module (DSS 11) providos th e user w ith 43 optically 

isolatlld inpu ts plus cr.s cptca lly isc!etcd ;n!err:.ipt input. 

ln c>dd ition to the ba;;ic modules, optiona: signa l 

cc111clitioning 1/0 moüul es and screw terrnir.sl panels can 

be added to the bas:c modules to mect th e requ irem ent::; 

of small indus trial data acquisitio r. and contra i sys tems. 

D RS11 DiGlTAL OUTPUT MODULE 

The OR S 11 is <i n S PC-compatible m0dule which 

provid~s 48 bt:ffered outputs. The two basic module 

types inciude th& DRS11-;\ wi t!i TIL-compatible 

outputs, 2nd the D r>S 11-8 with open coll ectc:r drivers. 

Bot li ths [) C\S 1 1-.A r.n d D RS ·1 1-8 include one RC fil tc red 

intemip t i;iput. Tb c ou1 ;1uts arn organized in 1hrce 16-bit 

worJs. load<:d by tho computer systüm ur.der contrai of 

the pr0 9ré1 m. Tho D ns 11 incl~id c~ S t 'NO 1 0-fuot f!a t ri blJon 

cahles (SO co .dCJcto~s i turmin ateci intc 50 pin Berg 

connctors for connectior1 to fi eld output sig n':'l ls. 

DSS11 D!GIH\L IN PUT MODULE 

Th e DSS 11 i ~ an Sh>cor.ipatible modulo w:1ich providns 

49 opti cé!lly isol;:ited infl'Jts con.s istin9 of 4B non-bufic1 ed 

SC!nse d J ta inru t. !' :.:s nn c in <crrupt inpu t. 1h0 se:ise 

inputs arc org aniZt'd in tl:rce 1 6-bit wurds. and éHC rc<ld 

~·Y th e, comput'~ ' sy!,lL·r:> und.;r control of thu p1ogrJm 
llle DSS 1 1 111clucif's t•\'O 10-fon t fi at ri!.:bor: c.~ bl2s ( SO 
c,01 Hh1..;lo1s) t1~1miri ·i1 , •d :nto 50 pin [J<.1g co .1n0ctor:. for 

CC'n11ccii0n to f;,, l, f ir.pt il :.iÇJ11 .1 ls. 

SIGNAL ccr\JD !TIONI N G 

When specific input fi itcrino or output drivers are 

requir ed. sign;i l cond itioning modules may be option ally 

added to the bas ic Df1S11 ancJ DSS11 modules. The 

sta nd.:ird options which are availab le are described 

below. 

DRS11-MP OPT!CALLY ISOLATED OC DRIVER 

The. DR S11-MP is an SPC-compatible module which 

mounts next to the ORS 11-B basic module. lt provides 

48 op ~ically iso lated DC drivers and one optically isolate<:l 

interrupt input. 

DSS11 -MP CONTACT SENSE INPUTS 

The DSS11-~·.'1P is ·él n SPC-compatible module which 

mounts nex t t0 the associated DSS 1 1 bas ic module. TI1e 

DSS11 ·M P provid es RC-filtered 24 volt (user supplied) 

contact sen se inputs for the basic DSS 11 . lt provides 

over-voltage protection. and is prewired for use with 

externall y suppiied OC power. 

DSS11-MR Afl!D DSS11-MS VOLTAG E SENSE 

INPUTS 

The DSS1 1-M R and D SS 11 -M S are S PC-compatible 

modules which mou nt next to the associated D.SS 11 

basic module. The DSS 1 1 - ~v1 R pmvides 49 RC ·Îllte re<J 

24 vo:t iriputs for volta9'3 ::.er.sin g ëp::,:i::;;; ti0r.s. The 

DSS1 î -MS piov;,:;es 4 ~ f:C-fi:taréd 48 vclt i,1pv•s fc,; 

volt<Jge sensing app li c<Jtions. 

DSP11 SCREW TERfl.'1 IN.L\L PA NEL 

The DSP 11 is an optionc;I termin<il panel prm1iding 1 CD 

pair or scrow connections for the D RS 11 and DSS 11 or 

the as~-oc i ated signal condi:ioning module. !t provides for 

connection of 95 input or output signalg plus two 

intcrrupt inputs and two fi eld power inputs. DSP1 1 is a 

stanc!Jrd 5- 1 /4-inch b~' 18-inch rackmounted as.sembly. 

CO NHGUHATlON GUl DE UNES 

A ny mix ture of DP.S11 <lnd/or DSS! 1 modules may be 

mou nted in a ro ['-11 system pro\·!dP.d thct tr.e total 

does not e>:ceod 1 o, and sulJject to the normai 

constraints of rnounting spacG. bus ioads. and 5-volt 

power. 

SOFTWARE SUP?OHT 

The DRS11 nnd DSS 11 <He fui!'/ supported by Digita l"s 

Flc<ll-Ti111e Op e1 ::iting Systûms. RSX-11 M. rlSX· ~ 1 S. and 
· RT1 i . The suppor t includ os conventionn l Instrument 

Society of Americ.i (iS/\) f'OflTRAf\J and calls for digital 

input a1~d output opcrn t1ons. A!so includcd is the 

capabi!ily to·schcrlule T<J sks ( pro~i ram s ) foi cxecution 
1Jpon the; occurrence of <Jn intc;r1:pt frorn the ORS 11 

and/or the OSS î 1. Tl 1is softwnre support is compi?tible 

with the rl~iX1 i -M and RSXî 1-S suppo:t 0f the 
lndu sl ri<J! Contrai Subsystnms (ICS nnd ICFl). a'!owing 

the u <.c r to tran sport pror,rJms ue:tween systems with a 
rninim :i l co;ivt'r:;ion cff:i:· t . 
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Input Vol tage Range 

(on statc) 

Input Current 

Isolation Voltage 

Prercquisi te 

~ ou nting 

Unibus Loads UN I BUS 

Amps at +5 

4-7 Voles 

1-21 mA 
500 Volts 
PDP-11 

1 SPC 

1 LOAD 

1 .6 Arnps 

INP UT S IGNAL CO ND lTlO f\111\! G - DSS11 -M 

QSS1 1-MP 

DESCRIPTION RC-Fiitered 

Conte et Sense 

Input Voil age Ra nge 24 Volts ± 15% 

(on s!ale ) 

Input Current User supplied 

Contzct Current 1 5 mA numinal 

Prercquisite DSS11-A 

Mounting 1 SPC 

24 Volts± 15% 

16 mA No;ninal 

500 Volts 

PDP-11 

1 SPC 

1 Load 

l.û 1\mps 

DSS11 -M R 

RC-Fil tered 

Voltage Sense 

24 Volts ± 15% 

13mA@:>4V 

DSS1 1-A 

Plus PowRr Supply 

1 SP C 

DSS11-MS 

RC· Fi l tered 
· Vol tage Sen::e 

48 Volts± 10% 

13 mf., @ 48 V 

DSS1 H3 

1 SPC 1 
Mext to DSS11-B 

l-~~=~~~~-~~~NIS=---·---~---·--·----~~··--·------~-=--- 1, 
ll! C ! f/\L UUH' IJ l S - DR S 11 --f 

Next to DSS 11-A Next to DSS11-A 

DESC f-l !PTION 

Type Ov:put 

Output Vo! t <i ge 

OH Stale 
O:, Sta1e 

Out;.>t• t Cu rent 

Prc:cqu isi te 

M o<mting 

Unil.ms L0 '1 ds UNIElU S 

DBS11-A 

48 Outputs Plus 

Onz l :1terrup: 

TIL Driver. 

HL 
Compatible 

1 G mA @ 0.4 Volts 

PCP· 11 

1 SPC 

1 l o<i d 

/. .5 !-\rnps 

OUTPUTS IGNl\ L c or~ OIT I ONING - D flS1 i ·MP 

D ï::.SCf1 1Pl ION 

lype Output 
Ouiput \'ol12ge 

OH St:i te 

40 OpticJlly ir,o la1ec.! DC 01 iv::rs 

lr;t&rrupt Inpu t Fl C Fil:e r 

Open Collec ter 

On S t ~ te 1 Volt 1-.ia Y. imu m at 7 5 mA 

DP. S11-B 

48 Outputs Plus 

Or.e lnterrupl 

Open Collc•: to r 

30 Volts M aximum 
.7 Vol ts@ 40 mA 

40 mA @; O. 7 Volts 

PD P- 11 

1 SPC 

1 Load 

2 .5 Amps 

Ou!;-.ul Cu r1 ent 7 5 m .l\ a\ 1 V·:i !t ; 

~ A~';r:-n, ;:';;'~'1,~. c;:·~ti:;_\}; '.,·~.}!rng e ~:.1~~~~tt~:~t:~~~::~ 1 1' 
llll•!ic•S i.o a .~ s .J NI UUS 

1.5 Am p:, 
~l\ ... ~ ---~ .... ........_--O\" .__ ,.., ....... -.-.......... ~ ......... ~ .. --------_,............- ............ ....,,._..___~~ ....... --....------......... ...z...-·-----"IV;.-·~--.. - ---va..""""' .... _! 
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Opi:.:ré! tivn 
The ons11-C is a generJI purpose, direct 
mcmory acccss interface to th e PDP- 11 Unibus. 

he DRS11-C opcrat es directly to or from 
merr.ory, moviny data bctwecn th e Unibus and 
th e user device, rath er thJn using program con­
tro llcd data trJnsfers, 

Th e interfa ce consists of four registcrs: comrnand 
and sta tus, word count. bus address and data. 
Operation is initialist:d undcr prograrn contrai 
by: 

(a) 

(b) 

(c) 

Loading word count with th e 2's compli­
ment of the nu mber of transfers. · 

Spec.ifying the ini tia l mernory or bus 
address where the black transfer is to begin. 

Loading the command/st<Jtus register with 
th e élppïopriate function bits.. 

Mechar·,ic é! : 
The ons11 -c is configured on one HEX 
Printcd Circuit Board dt:signed to fit in a Unibus 
S.P.C. slot. 

User input/output signa is are connoctccl via two 
i:o way Gerg sockets mou nted on the top 
edge of the board. 

Ca::.i le l e ngt~1 is constrained by :.;ta ndcird T.T.L 
inrut/outputs, and the cab le <Jttenuéïiion must 
be sufiici ently low to enable tr<Jnsmission of a 
100nS<::c µositive pul se. A cab!e lcnoth of 3 
fect and 1Nithin the sarnc box is reco rnmended. 

Tl1e user d .:: vice recogn ises these function bits 
and responds by setting up th e control in puts. 
If th e user device rcq ucsts c!atél from memory 
or 3 UNI BUS devicc, the DRS1 i -C psrforms a 
UN18US duta ·.t ransfe r (DATI) and loads its 
data rcg ister with th e information held in the 
referenccd bus 2ddress. The outpu ts of th is 
registcr are avail élb le to the user device. This 
output data is buffered in a 1 6 bit flip flop 

reg ister. 

If th e user device requcsts data to be writtcn into 
memory, the DRS11-C interface performs a 
UNIBUS Data Transfer (DATO), moving data 
from the usN devicc to the referenced bus 
address. This input data from the user is not 

r~g i ster:__b~_ffe_i:~~ -~~~i~~~t~e tieJ.~f_Q.S levels f~-;·­
the durn t ion of th e UNI BUS transfe r. Transfers 
normaliy continue Gt a user defin ed rate until the 
specifi~ number of wo1ds is transfe rred. 

Th e user is given a number of contre! fines 
which provide flexible operation. Read-modify­
restore in <Jddition to normal word operations are 
possible. 

El ectr ical 
Power 

Consumption 
2·5 Amps at +5V fro m back­

p lane supply. 

Logic Voltage 
Levels 

Uni liu<; Load ing 

Priority l nterrupt 
Levcfs 

Us8r Input/ 
Ou tput Sig nais 

T.T.L. L.+OV; H, +3V. 

1 unit load. 

Selec:tab la by piÏority plug. 

T.T. L. levels. 

Tllc Dl\Sî 1-C is a PiüdL•ct of Digit.:: l"s Cm..-iputcr Spcci:;l Sy;;tems Grou;i. 

'"=or funh cr in formation pleJse con tu ct your locill Di9ilol r.epresP.11 të: !ive. 

Ali spccifications arc subject to ch:ina0 \:ithout 
noti\:. c~ 

"'Copyright~) 1 ~ï'L By Digital Equiprncn;: 
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OPEF~/1~·rror\JAL D[FFEREl~CES 
BETVVEEf\~ DRS11-C A.i\!D D·R1"~-B 

DFiS11-C 
1. The intcrf2cc is configurcd on one H EX board 
with edge conrn:ctors for a H EX S.P.C. slot. 
(rdge connector signais are a il in .columns C, D, 
E and F). 

2. lmcrfoce pnority is sGt by a prionty plug 
which inserts into a l.C. type sockct. 

3. User cables are fitted with 40 way Berg 
type pîugs for connec~io n to th e interface. 

4. Outputs from the interface to use r are T.T.L. 
totem pole with él ma ximum fan out of 10 (ten) 
units ( = 10mA). Sorne signal fanouts are tess 
1han 1 O. 

5. lhe interface has one CYCLE REQU EST 
input from <he user. 

6. -DMA transfers are ini~i ated by the user signal 
CYCLE REQUEST aftcr th e program h:is set up 
th i:: interfoce reo!st~rs . ·rhere is no CYCLE bit 
as in the 0 R·l 1 - B for p>o9 rn111 initia(ion of D MA 

tra nsf ers. 

7. Th e DRS11-C can perforrn DM/\ transfers 
across 32K co re boundzries because exte;1ded 
bus address bits XBA 17 ar,d XBA16 increment as 
a mcdu:o four counter when D RB/\ overflows as a 
16 bit reg ister. 
As a consequen ce, th ere is no crror condition 
when DHBA overilows. 

8. The DRS11-C cannot perforr.1 2 DJ\TOB 
(user to Unibus devi ce byte) tr2nsfer. However. 
CO is still undc: r use r contrai to enable rc2 d ­
rnod ify-;estorn transfo rs. DRSi 1-C is intendcd 
f 01 D fviA word tr c: ris fer operations. 

9. V\lhen the DRS11 ··C b 2 com~s Unibus Mastcr, 
the assertion and di sse rtion tirnes are pr r ci sc ly 
con trolled by a cJ e lay l ine. Thi s allows an 

é:JCCuratc defin ition of spefd. 

1 O. ln the D!iST. wl icn maintenm1ce bit is set. 
Ff\!CT 1 togg!es as a modu lo 2 counter on 
altPrn otc N PR cycles. 

11. 1\ftcr t ic last NP r1 
i ntc irup:, Dr~ 3,.. sho\'l'S 
Dfv1 /\ transfer plus four . 

cyc1e é~ r.d suu~e (jl! t.:fl t 

th l'.:! r. dd.-css of th e la-. t 

DR11 -B 
1. Th e interface is configured on a 4 slot wide 
systems Un it. · 

2. The priority is bac_k-plane wired to leve l 5. 
Changing priority levels involvcs rewiri r:g the 
back-plane. 

3. User cables are connected (solder con­
nection) to M957 cable connections. 

4. Outputs from the interface to user are 30mA 
open collector drivers. 

5. The interface has tw o CYCLE REQUEST 
inputs, whir:h are logic ORed on the interface. 

6. ln addition to norma! initi ::it ion of DMA 
transfers by CYCLE REQUEST, the DR11- B 
h~s the extra facilit}' to initiate transfors using th e 
CYCLE !..-::t i;; D'.":ST. 

7. Th e D R11-B cannot perform transfers a cross 

32K core bound2ries. 
Wh en DR 3/\ ovcrflovJs, an error interrupt 

occurs nnd furth er DfviA transfcrs are inhibited . 

8. The DR1î - B can be used for DATOB byte 

tram.fers. 

9 . lhe DR11-B bus master 1ogic has loci i .:: 
ti rn-es d e: tc;rmincd by H, C nctworl<s allowi rig fo r,.,, 
2G percent errer rnargir.. No spe~j spcc if ications 

are quotccl. 

1 o. V\'h en mc1 intenan(:C is set, run ction b;ts 1, 2 
and 3 act as a modulo S countcr, c:ocking éi ft cr 

e:ach NP n cycle. 

11 . Af~o r th e !a:;t NF'H ;:;·c!c :"r.d ~ubscquc1it 

inter1upt, D BBA !· Ïi O\'.JS ~hc r.Jdrc:ss of the l a '.' ~ 

DMA transfcr plu ~; t 1: 10. 
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Register Addresses and ln terrup t V ccto r 
The D H S 11 . C in tc rf élCC r.onsists of four reg i~ters: 
ommvnù <Jnd stéltus word,' bus adc.lress, word 

count vnd dJta. 

Th ese registcrs ôre assigned th e follo w ing bus 
addresses. 

\!\'ORO COUi'JT REG ISTER (DRWC} . 77XXXO 
BUS ADDRESS REGISTER (O RBA) 77XXX2 
STATUS REGISTER (DRST) 77XXX4 
DATA BUFFER REGI STE~ (DRDB) 77XXX6 

Note addre~s bits 12 to 3 are sclectablc by wire 
links on th e DRS11-C module allowing the 
d evicc addresses to be selected within the normal 
peripheral addrzss space. 

The status re~1 i ste r has an interrupt vector address 
YYY also selected by wire links on th e module 
for bits 8 to 2. 

Nord Count Hegister (DRWC ) 
DRWC is a 16 bit read /write register. lt is 
iniiia l iy lo3ded with til'3 2's çomplement ot the 
number of tr2nsfers to be made and increments 
up towards ail 1 's aftcr e3ch bus cycle. lncre-
men tation can be inhibited by the user device; 
(refer to WC Jr>JC Er>JB user signal). VVhen 
overflow occurs (all 1 's to ail O's), 1.he RE/\DY 
bit of DRST is set and th e bus cycl e stops. 
OHVVCïs cl80 red by the initi alise puis~ INIT. 

Note: 
D RWC is a vvord rc9istcr; ùo not use byte 
in st ruc~i ons \·vhen lol'.ding ; if this is don P. , the 
byte not referenced is loadcd with the same 
è2w patte1n zs th 8 refcrsnceè byte. 

Data Buffer Register (DRDB) 
The DRDB serves two distinct fun ctions: 

(a) 

(b) 

A 16 bit write only registcr. The outputs of 
this reciistcr arc avail able to the user device. 
The register, wliich can be loaded u:-idcr 
program contrai, is also used to buffer 
information when d::ita is being transfe rreci 
from the UNI BUS to the user device 
(when th e DRS11-C Interface does a 
DATI cycl e). 

A 1 G bit read only reg ister. Information to 
be read is. provided by the user device on 
the DATA IN signal lines. Thcse lines are 
not buffered and must be held until either 
read under program or transferred direct!/ 
to memory (DATO Bus Cycle). 

DRDB output buffer is c!eared by the initial ise 

pulse. 

Bus Address Register (DR BA) 
Th e DR8A is a 16 bit re2d /write regi ster. How-
ever, bit zt:ro is perrm:nently hsld to a zero, 
thus restr icting the operat ion of the DRS11-C 
interfoce into word operation only. /\long with 
XBA 16 and 17 in DRST, ORBA is used to 
specify RUS /-\ 17; 01. The rcgister is 
normally increrne nted ( +2) 3fter ca ch bus cycle, 
advancina th e address to the next sequential 
word loccition on t he bus. If ORBA (corres· 
pond ing to A 15 ; 01) ovcrflows, XBA 16 and 17. 
actinç:1 as a modulo four counter wil l be incre­
mentcd. This aliows D!'v1A transfers across 32K 

l nci emer~tatio n of ORBA can be inhi bited by 
the use r cievicc; ;efcrto BI\ !NC ENS user sign al. 
DRCA is cleared by 11\JIT. 

l 
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Status Register ( DriST) 
Df\ST is used to givc commands to the tcscr device 
and rn provide st:i tus indicators cf the DMA 
interface Control élnd the u ~e r deviœ (refer to 

Table 1). 

BIT NAME 
15 Err or 

14 

13 

12 

"'""'· ...... , ., •.~ ... . 

Non- existent 
Memory 
(NEX) 

Attention 
(ATIN) 

MaintenancG 

r:UNCTION 
Set to ind icJte an error 
condition: either NEX 
(B!T 14), ATTN (GIT 13). 
Sets READY (BIT 7) and 
causes interrurt ir IE (E31T 
6) is set. ERROi\ is 
cleared by removing a ll 
poss ible e rror conditions : 
Nf:X is cbared by lo2ding 
bit 14 with a zero; ATIN 
is c! eared by user device. 
Read only. 

Set te indicate that as 
Unibu s master, the DRS 
1 î - C did not receive a 
SSYN response 20 u~cc 
after asse rting MSYN . 
Cleared by 1 NIT or loading 
with a 0; cannct be 
loa ded with a 1. Si:ts 
ERFtOR. kead On!y. 

Attcntior. bit that reads 
the st;::te of the ATTN 
use1 signnl. Sé.ls ERROR. 
(Used fo r dev;ce initic:ted 
interrupt). Set and clcared 
by user co , trol only. Read 
Only. 

Set for maint2ncmce pro -
grarns only when the 
interface is disconnecteù 
from t:1c user dev!cc. 
When set, Fh1CT1 is 
forced to toggle on a l\er­
nnte bus cycles. Set 
and cl eared by prograrn . 
Reéld/V\lritc. 

f3lT 
11-9 

8 
7 

6 

5-4 

3-1 

0 

NAME 
Devicc Status 
(DSTST . 
A. B. C) 

NOT USED 
Ready 

!nterrupt 
Enable 
(1 E) 

Extendcd 
Bus A(icire~s 

FUNCT!ON 
Devic~ Status bits tl1;:it 
read the state of the 
OSTST A, B and C us9r 

signais. (Not tied to in­
terrupt). Set and cleared 
by user control only. 
Read only. 

Set on wo1d count over­
flow to indicâte tb at the 
DRS11-C is c.ble to ac-

. cept a new com rrwnd. 
Causes inter:upt il bit 6 
is set. Forces the devicc to 
release control of th e 
Unibus and prevents fur­
ther D M/I. cycles. Head 
Only. 

Set to allow EHROR or 
READY=·i to cause an 
interrupt. Clea red by 
lf\llT. Rccd/Write. 

Extcnded bus adarnss bits 
17 end 1 G th at in cor. -

. ju r.ctbn V.'ith onB/\ ~. pe­

cify A (17 :OO) in direct 
rnemory transfars. C!e;: reù 
by !NIT. XBA17 arid 16 
are increme r.ted \Vhen 
ORBA overtlows. 

Function 3, 2, 1 Three bits made nvailable 
to the user dcvicc. Use r 
defined. C!eared by ! NIT. 
Rend/W1 ite. 

Go Set to cause a· pulse to be 
sent to the usei de\1ico 
indicating a command 
has been issued. C!..:2 1$ 
READY. 1'.i.lways re2ds <•s 
a zero. Write only. 

·,.:_. ...... _..,,. ........ . a..-· .. .... , . '' 
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~NPU.T/OUl.PUT S]Gl\11-\LS 

Tables 1 a and 1 b li st sign2ls ava ilable to the 
user device. For input signa is loading rdcrs to 
th e nu mber of T.T.L. unit loads tha input signa l 
.11 ust drive ; for output signais loading rcfe rs to 
nurnb r. r of T.T.L. lo<."!ds in the usur device th at 
the siono l can drive. 

Use r input and ou:put si9nals are conn ected to 
p.c. bo;ml vi a t 'NO BERG sockets d esi~1na t e d J1 
and J2. . Tobie 2 shows signais and associa ted ri in 

conn ec tions. 

NOTE: Unassigncd connections must be left 
open circu it. Sorne signais have more 
than on e pin conn.ect ion for ci ther test 
purposes or paralleling of signais to 
both sockc ts. 

TABLE 1a 
USER OUTPUT SIGNALS 

N am e --1~f ~~:na ls _ I L~a,_d_i_n_g-''---D_e_s_c_r_i P_'t-·i_o_n _ ___ _ 
----. l 

---·-·j 
DATOUT 15 - 0 16 

INITIA LI SE 1 

FNCT 3, 2, 1 3 

RE/\DY 1 

10 

10 

9 

8 

Data output to user devicc. These signa ls repre­
sent th e contents of th e DRDE3 register, which is 
loaded either under progrnm contrai (e.g. MOV 
RO, DR DB ) or when the CR11-B perfo rrns a 
D/\T l cycle. Levc ls 2re : +3V = logical 1 ; 
ground = Jogica l O. Ali lines cl eared LO 0 by 

!NIT. 

This lin e is true ( +3V) whenever the Un ibus is 
initialised, which occurs on power up, power 
do 1:m, cor.sole stilrt, or RES f:T instructio:-i . 

Th ese 3 lin es are deri vcd from the function bits in 
DRST (bits 3, 2, 1) and are used to spccifr 
device operntion. Levels arc: +3V = logical 1; 
ground =-~ log icai O. Ci ca r by INIT. 

This signa l is derived frorn the REl>.D Y bit Ï!l 

D RST (bi ! 7). This signa l is true ( + 3V) cifter 
!NIT; it bccornes fal::; e (ground) vvh <?.n the GO 
bit is loacied , indicating tli at a command has been 
givcn; and it becomes truc again when word 
count O'.terfl ows Gr a ;1 crror condition developes. 

i 
1 
~ 

~ 
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~ 
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~ 
f1' 

f ~ 
~ BUSY 9 BU SY i;,dicates th at a bus sequence is in progrcss. ~ 
i lt becomes true ( +3V) on the trailing edgc of fi 
j CYCL E F1 tOUEST and becomes tai se (ç:;o und) ~ 
1 · I whcn th e bus cycle is complete. ~ 

1 !~. 
t 

END CYCLE 5 This pulse is a 100- ns posi\ ivc pulse t!iat 

Ï 

~ indicatcs th at 1hc bus C"_cle is comp lete. 
1 Î' 

.. •'. 

i GO_ l (i i i 10 l This pul se is a 200-ns pos:t1ve pulse th at ~ 
1 I rcsult s frcm lhe se tti11g of th e GO bit in OHST. ! ;) l L _________________ ._1... ___ _ J_ i n<kotcs_::=:~ 1 ·~•o do n ls to bo pe::~~J ~ 
l . ~ 
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lr\!PUT/OUTPUT S!GNALS 
(Co n'.incd) 

r:---·~ . 
~<amc LNo. o~:•gna!s 

l 1 
i 

1 

DATIN15-0 1 16 . 

C1 CONTROL 
CO CONTROL 

CYCLE 
REOUEST 

DST AT 
A, B, C 

ATTN 

WC INC ENB 

Br\ 11\IC ENC~ 

1 
1 

1 

3 

1 

1 

1 

TABLE 1b 
USER INPUT SIGr\IALS 

1 ~ L~~~s I __ De scr if)tio __ n ___ _ 

1 each 

3 · 

1 

1 

1 each 

2 

1 

2 

Dal<l input from user device. The levels present~d 
on th cse lii::ics can be examined by reading the 
DRD8 reaistcr (e .g. MOV DHD8, RO) <rnd are 
tran sferrcd dircctly to memory whcn the DRS11-C 
perforrns a DATO bus cycl e. Levels are + 3V 
Logical 1 ; Ground = Logical O. 
These two contra! signais specify the type of 
Unibus cycle the DRS1 î -C is to perform. They 
correspo ncJ logically with the Unibus signais C1 
and CO. Levcls are +3V = logical 1 ; Ground = 

logic<ii O. 
Note: polarities or. Unibus are inverted. DATIP 

is used for read-modify-r%tore operation. 
C1 CO Cycle Performed 

Control Control 
0 0 DATI 

0 1 DATIP 

1 0 DATO 

To 1ransfe r data 

from Unibus to the 
user de.vice 
To transfer data 

· from user 
to Unibus. 

cievice 

CYCLE initiates the seq uence of requesting bus 
use and trigg ering th e Unibus Cyc!e after the 
DR S11-C cievice obwins contrai cf the bus. 

min imum duration to initiate a bus transfer 
sequence. CYCLE HEQUEST sets BUSY on the 
+3V-to-ground trn nsi\ion of the input. 
Device Status Bits /.\, B, C. The signa l le·.;els 
applied to these i:nes appear as bits 11, 10 and 
09 of DRST. Levcls .are: +3V = logical 1; 
grounù = logica! O. 
Attent ion. The sign ui leve! app lied to this !inc 
appeél rs as bit 13 of DRST. A !og;ca l 1( +3'.') 
forces an errer condition in the option and stops 
further bus cycl es. An intenupt occurs if IE is 
set. Musl. be ::;round2d if not used . 
\No rd Count !ncrernent Enablc. ln rncst or- cra­
t ion:; t!~is signa l is wired to a logicai 1 ( + 3V) 
source, llllowing th e D -1 1!1/C register to count 
each bus cycle p2rforrneù by th e Ol~ S11-C. 

However, in. re<Jd-rnodify-write sequPnrcs, for 
cxarn plc, incrernenl<:tion wouid hc disab lcd for 
the DATI P cyc le and cnal.J! ed for the subseq uent 
DATO. 
BUG / \ddress 1 ncrement E nabi0. 1 n rnost opera -
lions, th is signal is tied 10 2 logic2 I 1 ( +3\!) 
sou1cc. al !owing th e Di"113 /\ re9 ister to step c,f;er 
cncl: bu:.; cycl·:!. H ovvcvc r, in re·-. d- mod if y-resto~ c 

1 
I· 

1 
1 
! 

f 
j 
~ 
i: 

1 l 
1 1 

1 1 
1 ~ i t 

1 

1 
1 
1 

I
l 

op1?1 .::i.; n::;, fo r c ·arn ;1IA, inc1 ement<:.>;ion must b•' 
1 

inh ihi1ccJ for th e DATtr cycle <in d cnJb !ed for the 1 
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1 Signal List . Table 2 

r Signal Name Pin! 1 

.... 
1 Signal Nérn 1e Pin 1 Signal Namc Pin 

D/\TOUT OO J1 -A DATIN OO J2-UU FNCT 1 J1 -U, J1 -V, J2-L 

Di\TOUT 01 J1-B DATIN 01 J2 -VV 1-NCT 2 J1 -W, J2-H 

01\TOUT 02 J1 -C D/\TIN 02 J2-SS FNCT 3 J1 -X. J2-J 

DATOUT 03 J1 -D DATIN 03 J2-TI END CYCLE J1-Y,J2-E 

DATOUT 04 J1 -E DATIN 04 J2-PP GO J1 -Z, J2-F 

DATOUT 05 J1 -F DATIN 05 J2-RR REA DY J1-88, J2-V 

DATOUT 06 J1 -H DATIN 06 J2- MIV1 BUSY J1 -CC, J2-S 

DATOUT 07 J1 -J DATIN 07 J2-NN INITl/\ LISE J1-DD, J2-T 

DATOUT 08 J1 -K DATIN 03 J2-KK GROUND J1 -AA, J2-C 

DATOUT 09 J1-l DATIN 09 J2- LL +3V J1-EE, J1-FF 

DATOUT 10 J1-M DAT!N 10 J2-HH CO CONTROL J1 -SS, J2-K 

Or'\TOUT 11 J1 -·N DATIN 11 J2-JJ C1 CO NTROL J1-HH, J2-AA 

DATOUT 12 ~11-P DATIN 12 J2-EE RE QU EST J1 -JJ, J2-X 

1 
DATOUT 13 J1-R DATl~!13 J2-FF ATIN J1 -KI(, J2-U 

DATOUT 14 J1-S DATIN 14 J2-CC DST AT A J1 -UU, J2-A, J1 -· NN 

DATOUT 15 J1-T DATIN 15 J 2- DD DST A TB J1-TT, J2-Y 
DSTATC J1-VV, J2-BB 

1 

WC iNC ENS J2 -P 
BA INC ENB J2-R 

___ .L 
. ~-_...,.. ------

.ï rning Considerations !71 l 

~-. ··------

The negation of REAOY, <i s well as th e GO siçina l, 
indicëies to the user device t'1at GO bit has been 
set cind th e FNCT bits now indicatc il va!id 
comrnand. The user device respond:, by pro­
viding the following set of signnls : DATA 
15: OO IN, C1 CONTROL, CO CO~HRO L, WC 
INC ENS, BA iNC El\IC3. This set of signals 
must be established 1 Oüns prior to the n ega~ivc 

transition of REOUEST ;:rnd hcld for the du r<Jt ion 
of th e bus cycle. The trailing edge of REQUEST 
c;:i uses BU SY to bccorne truc, indicllting that 
Df\S11-C is requ e;st in9 bus use or in th r~ process 
of executing a bus cycle. /.\t th8 cornpic::tion of 
t!i c bus cyclP., the END CYCLE pul se is generated, 
and BUSY go ::;s false. For the -:Ju1ation of BUSY 
(:rom F~EOU i.=ST to END CYCLE ), 'th e abo·.;e set 
of sign<i ls 111ust be held wiih th e exception of 
BA INC EN3 w hich must be i1 e!d untii tile end of 
the tt\!D CYCLE pulse. f\Jo new req:i cst s!iould 
be mad e vvhi!c BU SY is se r. 

. L_ L ·J1 (Output) 

. -- J2 (Input) 

. DRS"l!-C U SE!~ CONf\lECTORS 
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Philips Electronics Ltd 
Energy Systenu 

;~;i/~ 

~ \..~ 

April 4, 1978 . 

1~=- ~ R. . Hayman , 

Se iso:.olog ical l!'ls trumenta tien 
L.::..OO ratory , 

E<n·th Physics Branch, 
Ener:;y , l'.ines and Resources , 
1 Observator.y Crescent , 
Otta""a , Ontario. 

Dear Mr . llayman: 

PNUi.BPS 
EOl M,lner Avenue 
Scarborough, On1ar10 
MlB 1M8 

Further to our telephone conversation of today , please find 
e nc l osPd the litera ture I promis ed to send you on the 
?hilips sola r cells . 

I ha·1e ;:o rked out yo ur req'..lirements for a 12 volt 4 watt 
con~.nuous system for the thzee areas you mentioned (530N , 
43 c :1 dr:d 1 7011) a nd find that 3 l'.lodules tilte d at 600 with 
two 6 vol t DD-3-5 ESB 200 Ahr 'batteries will be necessary 
for the north~rn l oca tions . To prevent snow bui l d up you 
n:isht wish t o have the panels vertiC"al (90°) and in this 
case you wil l r equ!re 4 panels . Fo r the Mexican locat ion 
t~e DD- 3- 3 ba t teri es c an be used wi th 2 nancls at 450 tilt . 
Theue are estimates . I shal l run ou r co~pute r p r ogramme ~ r 
and gi·1e you the e xact fi gures in a few weeks (a s I am in ~ 

1

ç zÇ .,J 
Europe on business for the comi ng three ;,eeks) . ~\\S 

lo,fWO The s0lat cell arra y BXP47A is priced a t $273 each ex-
cluding duty and t axes and the charge regu lator is $100 . 
The prices of the batteries ·are indicated in the cnclosed 
shee t. (Please add approximate ly 25 1 fo r 1978 p~ ices and 
the exchange r ate . ) Yraming for the arrays can be custom 
::-.ade . I enclosed a copy of fra me wa have supplied to MCT . 

r shal l writc to you wllc n I have the detaileà computer calcula tiens . 

' ~y ? 
~-~~tru , /! 
~ ' ~ . Frâ~ ;:-"sna p~ 

Ha:iage~. 

te~ ("41f1)292-5t&t 
te le.i. : 055-251('0 

065-25103 
005-25104 
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A renoe o f Photovoll elc Soler Gen l.'ra!o rs !or CC'ltrolled enorgy 
aupp!y by dlroct conversion ot sola r rAdiollon. Each g1tnorator 
con talns a spoc i! ic number or solar cell modules (Of•)( 47 A} inounted 
m an Aluminium lr11me onCI ls designed Io charço lcad ac ld 
bat1 1Jrlcs. The gener~l?rs EHll prov1d.?d wilh charge r<Jgul ato rs for 
ba ttory prot~cl 1 on . End cf dischO"rge sltua ilon is lnd1ca:cd Liy a 
s lgnalling volt age ni the outpu! torminals. 
The ~G Sor 1c~ f!; a fa1ni:y ol 1nr1;1e sola r gonerator• . lhe Sû 447, 
SG 847 ond SG 1247 p:ov1:1 ing respeellvely ~O. ao anj 1~0 watts 
e l 1 t1Vl/m1 1ad1ahon. Wl.ere h igher power is requrred éiOd111onal 
aolar go,erotors can be COf\ner.:tod ln para lfel. 
ln add111on Io th~ SlJ\t1Gard rang6, engineored "tallor-made" sys!6m9 
can be produced wt;en requirnd. 

FEI.TUA ES 

• Outsl ilnd ing ntllab,lity by use or hl9hly reliable solar modules 
e; Soler modules dosipned Io w ithslend severn cllmatic cond1lion' 
4 "Worst ca:ie" c lrc11:t design b:ued on " end or !ifo" dsta on 

compononls 

• S!tudy mechani.::al consi ru ctloo to w i thslnnd atrong w lnda 

OESCR IPTIOf\' 
Each sohu gcncrato r con,i sls ot l hre ~ pans: 
• A set o~ so1 or t ell modul'ls (9PX <11 A) to conv'ln i,01.'!r &1ierç-y 

lr.ro elo.:tncal er .ercy. 

• Suppr:.t1 1ng fra n o ol tour mo;or parts for easy As~er."b;y ln 
romo'o .s nd d•l!1cult Io gel to s11es : iri e so .ue " fla: .::irne r 
frame fo r lh<: sola r modult1s and c.;o res .... h.ch 1nc ·VC!~ s a -' i rd 
screen for the 1op o! uie çer. e1a1or ; a two-p11rt rrHr "' '11C h a·so 
came!. lhe o.irpul cati ie : a lir.nee to prov1<1e c;:it i:Tlum . nr li nii. 110~ 
for sne. Tho !rame 1s ccnstructej o~ anoo1.(ed .s tu r:i1n11.1 t '1, p Jt.r. l&d 
10 prcvent corrosion 

• One/Iwo (de;:ic.-.d inv en require m<"nl3} char ; e t!."g.J:ators to 
p ro i.cct the baUery from overcharg e and ucess 1v~ gu.s,nv. 

APPLICATIOP'S 

For use u·: loc .J llons where ul iht(-grid electrlc;fy ls no! a.v• •i able for: 
Communicat ons system~ 
Aai fway s 1 ~nJll1ng systems 
fore str/ equ1pment 
Wèathcr mon1101' 
Ca tnod1c pro1ect1on 
Nav igat1onat a ids 
Memo1e da:amel r1c equ1pmen1 
Water supiJ!y ~ystems 

PROVlSIONAL ,.,H ILI Pil e PHOTOVOLT A!C SOLAR GENERA TORS ~ 
IPEI 
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CHAAACT/$!STIC!I 

STArlDARD SERIES 
AVAJ LAlll.F. 

TEMPE RA7Unli ~MIO! 
Operz 11ng te r11pcra luro ran ge --(()°C to 45° C (ln the s~atfow) 
Sto•age 1empcr11lure - -40"C Io ss0 c 
Tom~e r ahue 11se l"y 1 ._,W/ m' so!dr radla! ion typlcol 1 ~ec 

OUTPUT CUA OENT 
At e, :.": 1 l-'Y' 'lm' (1rr adi3nco :rom lh& aun 1.t eea /evel) af'd T0 25°C the output current ln Amps can 
bB 1ead !rom th'l la!>lo 

---~ornmal Voltage 12 24 36 <6 

SG 41 7 2,75 1,35 :i.a. 0,65 
SG 847 5.6 L.75 n.e. 1.35 
SG 12..:.1 6,4 <.2 2.75 2.05 -----
CHAR GE REGULATOA 
Tho ch;uge rcgufator sw1tches olf th'? pho:ovoll !.llC eu,, ont If the output volt a;;i a exceads V "'0 • • Thil 
cur rt"1t 15 sm l c~eci on S'i SOM as lh'!t ou:pul voltage is lowor than Vmo • - Vh.,.. The vcltagcs can be 
r ead !rom th,. t a~le: 

No'T'l r ai voit;i~ c ~2 24 36 46 

:-tys:erc s:s 
v,..,, . 13.6 27 .2 40,8 5'1 .4 
V~Y I 0,8 1,6 2.4 5,2 

SI ONALLI NG CIRCUIT 
The s1gnat •1 r, g ci rcuit swilche:. a vcl1ago al 1he oulput 101mlnats fr ')m hlgh Io low as soon as the 
ou!put voit.:.')e .s le.ver !han V"' ;.., v.hich can be read tr om ihn lab!o: 

_____ i-:_· m_•_n_••_Voll<:gc 12 24 38 <18 

V,..,,,., 11,4 22,0 34,2 45,6 

Signal ·,.oHage (low tl aUcry vol!ageJ v 1 ,,,., = A,. •. I"'" (is 1nex. !i V) 
S19nJI cu rren t !IO N batlery voltîlge) l ,"h behvPen 10 and 15 mA 
Su;na l ·1ol!Ode {hiçh ~a\ln ry voltage) V,"1 = Rfl • 11,.,1 
S1gr a1 cu rr er1 ~ (h igh batir.!ry volt~geJ 1,,.1max. 0.1 mA 
S1o; nal ou:pu t w1tl w11hs';;r.J a short ci rcuit. 
(R 0 :.: 1 ~ 1 min<;t1ng rcstslance) 

Type No or panels Wcight Nominal voltage 
k~ ± 

12 
SG « 7 35 24 

46 

12 
SG !l<7 50 24 

<6 

1< 

65 
2< 
36 

SG 12•7 12 

46 

Each li'Pfl and nominal w, l!Bge is av11 1ioble wtth knee ror ono or lhe !our recommanded angle' or 
lncl in o1 t1on. 

RECOMMENDED 
INCLI H,\TJO~ ANGLES 

ClirY' ate 

W.,]1 tropical 
l\ ti d t ro;:> ico l 
MoC:era:e 
E x pec:o. llo r~ o! snow 

lnc1i net ion 
degrees 

30 
•5 
CO 
90 
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Sol or cell mod 1.1le t3PX 47A 

DIMENSIONS OF SOLAR GENERATOR 

Rrar ·1lew of Solar Goner e. ~ 0 1 

r- 1m-----; 
r-m-+-311--;---m--;---3131 

'1 11] ~l·tl ' 
1==1 =;:;=~=u_J , l 

-~ 

1 I ~ ~ 4-l Il 1 ~I !1 
ij Jll 

~tll 
~7.~;~,.~-~ ,._- -

3 

---.....-.... ~, -,.,.~""\''"_,,..,,.,,_,,,.,'l~ ... ,~-........,..,.~.""?"~'"'"' -...-......... ~~~.:1·,~-,,-,,...~,~f,"%1"'~~..,...~·~~~""""~~-~ .... ,,,, ..... ..,,....,,....,~---··"'~::::\ · s::r.::.·".--· · · 



-~ 

-~ - .... _ _..___,_ _~~-.!f.~'11••••b1&o.io.4â•••-,-~iiltr-..W~..t.Lt~-.~~· +..e.u~'W ~~~.41,;,. ·Htt ,...t,.i&..-•<CiW~~-..&.~'-OA~~-i...\:.s .. .:.-t..~~<a.~~~"' · · d \rl "°' I\' t:i••n b - ·-~~~-~~-~~~;,..--f,,j_....:.. 

PRl!ICIPLE 01' 
OPERATION 
(E.urr.~l e SG 1.:!47) 

12 Vc..lt aystetrt 

24 Volt rtiti:rn 

_.g Vo11 aysl'°"' • 

12 r BPX47A 

RQX 

--·w ..I. CHARGE "!' 
REGUlATOA _:_ 

J... 
LJ 

Rex 

CHARGE 

AEGVLATOP. 

--~ 
--'-... 

1 
-L 
...I... 

T 
1 
1 
1 

-L 

.l 

.l ,. 
CHARGE _!._ J_ : 

REGUL,\fOR J 

The ct,l!l,ge regulalor swllct>e9 oit lho pholovollaic currcint if !ha output voltoga cxceeds Vmr:u· ln ordor 
to enable lh~ charge reg u1 .Lltor to moa3ure !ho battery voltago al lhe output torm lnats the mruclmun1 
ol!oNed voltage drop ln !ho connecll:i'J Cab le 19 0.2 Volt~. Whon hlgher currenls are deslred than 
apcc1licd , moi" eo!ar gene1ator1 can ~e connecled ln pare.llol. Thl5 ol!orl'I l he 1tdd!tio:ial advante.09 
!hui, w1th a h!Qh bnllary vohage, lhe ~ha rg l ng r ur renl wUI !:>c switr;h9d ol stop by !Uep. 

1 
1 

Solar pawerud pump system. 

ln th ls npplicallon. soll'l r energy 
ls used direc!ly to pump Wf'ler 
homo deo lh (If ebou t '0 mc:res. 
The e1ec1ncal l!ncrgy produced 
by 1h1ee or tou r SG 1247 umts 
is converted Io J-phnse AC 10 
po·,..er the submersible pump. 
Ahou110m•ol WJ\~r is produced 
d atly. The converler also pro­
vides an o~tirnum enmgy match 
balween solar gcnera!ors and 
the pump .n order 10 make the 
best use ul 1he anorgy produced. 
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Soler gonare.tor w11t\ 6 BPX 4.7/\ 
Photovollaic ponets for echool 
for the Caar. KMya. 

Ct.inlrol Unit. 
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An examplt) o' n "ta1!or-mado" solar generator !or 3 special profcc l 
ls s"'town. • Th i'i syslem use~ 8 photovolta1c panels PeX 47A moun!· 
od ln a saddl'l·s'inoed fra,T'!e. Thcs is t:io t.ost ~otulio:i for loca1i'>n:ï 
c lcss Io the equalor. Tho associa1cJ chargo reg11rator provide~ an 
alrnost constant outpul vo!t<igo lndcpcndi:;nt ol tne oulpul current. 
E11:cess onergy ls d1:1s ipa!cd ln tho unit . Transporrnblo batte ries 
can thero fore be uscd Durinc sunshtnA, the unit can be run wi1hou1 
b!ll!or1es. lhls principlo i• lmpracl •Cübht lor larger systll!Tls 
becausa of the d1sslpal1tin. 

t.11 ·~ ·.· :.~7~~~~ · , ,~ 
r·~------ ----~~1 

1 J 
• lnfC)rmntl'ln for speclo: spp!lcalions can be provh.led on reQuest. ' ~· ------~-..:..:.. ..... ,., ~ 
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Phiiips Electronics Ltd 
Er1ergy Sy:Uems 

l
r;;jü;Sl 
,:~/ 

\::Jl 

May 1, 1978. 

fi::. R. Bayrr..an , 

Seis~ological Instrumentation 
J.ab0 ratory , 

Earth Phvsics Drar.c~. 
Er.er *':;; y,· ;fines and Resources , 
1 0bserva tory Crescent, 
Ottawa , Ontario . 

Dear Mr. Hayma;.: 

l'R. 1" .~ ri i:i ri lï·"'ll. e R3'i:i1l œ a.iil ~&1 ~ 

ôO 1 Milner k•enue 
Scarborough, Ontario 
M1B 1M8 

As promised in my letter of April 4th , please find enclosed 
the de tailed computer calculations for your photovoltaic application . 

You w!ll see we have picked cities close te the areas that 
yoL specified in order that we could use actual weather da ta . 

Tne ~orrnat of the prin t outs is identical for the three loc3tio~s :-

Printout A is self-explanatory if yo~ use the separate sh~ct enclooed explaining what each colurnn is. 

Other prir.touts are variations of tilt angle and/or anto~orny days. 

'l'o summariz·.:? 

17°11 
3 pliotcvoltaic modules at 30 degrees wit:h 

6 two volt batteries 
49°N 

5 photovoltaic module!:: at 90 deg-:ees with 
18 two volt batteries 

5:;0,,. 
5 photovoltaic modules at 90 degrees with 

6 two volt batteries 

The battcrica that n.ay be used at the ESB Type DD-5-1. 

••.• /2 

1•'9Pflono '"'6J2P2-'1 61 
l~k.t• : OO.S ·?S!CQ 

065-25103 
055·25104 

e PHUJPS 

Page two. 

Mr. R. Hayman. 

Should you wish to discuss these further , you might give 
me a call and as I am in Ottawa approxirnately once a 
month we could arrange ta rneet . 

Yo11:11i~y, 
>J<d:~ ( .;tr-1 ' çt«nk Sn pe. Ph.D., 

Manager. 

/lw 

Encl. 
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j COLUMN 1 = 
CULU~N 2 = 
COLUMl\J 3 :::: 

~ CùL tJM! l 4 :::: 
\o}/> 

C OL-U~N s = 
COL t IM~J (-) = 
C ùllJt),N ï = 
COLIJMN 8 :::: 

COt lJMf\! 9 = 
c nuJMIJ 10= 

MEASURED GLOBAL ENEHGY ' PER MON THt IN KJ 
CALCUL AT ED GLOAAL ENEPGY , CLEAR SKY, PER MONTHt IN KJ 
MEASlJREO/CALCULATED ENC:RGilS 
CALCULA fED ENERCJY 01\J TIL TE D SUKF ACE, CLE AR SKY, Pf::R MONTH IN KJ 
CHA~GE OF TILT ED PANEL, CLlAR SKY, PER MONTH, IN AH 
CH ARGE nF TlLTED PA1~EL• CL OU() Y SKYt PER MONTH' lt'J AH 
UUANTITY OF SUN HOUHS9C LE AR SKY,PER MONTH 
CALCULATED DIRECT RADIATION ON HOPIZO NTAL SURFACE,CLEAR SKYtPER MONTH IN KJ 
CALCULAT ED DIFFUSE HADIATION ON HORIZONTAL SURFACE,CLEAR SKY,PER MONTH IN KJ 
CALC ULATEn DI FFUSE I GLOBAL RADIATION 

·-· ......... . . - .• -· ·· ··-~- .. - ~. 
----- --,. ---···-· - ·- ·-· .-. ·-·- -
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I
. ittlc by littlc, solnr-rell tcchnal­
j / ro: is 1J ei!J;.{ dir2ctcd liy the fcd­
i-. .ii cra l gon~cnmenL towa rd in­

<Tca sing th.: nc. tion's cncrgy supplies. 
Whilc sn!:n· ··~ kctric, or pl10lovoltaic 
power systcmo: h~ve a long V/ë.Y to go 
beforc 1.hcy acl•.irJ :y competc wiLh 
fossil -fucled power plants, tlterc arc 
siv.ns indicat i i~g that pragrcss is bcing 
rn:i.dc: 

r.: Conm1e1·ci al u::;e of photornltaic 
JJOWC!' 11' t)1< f'.eld has incr~a,,ed to 500 
kW, frun~ 10'.l kW in 19'/0. 

R 'l'he 1!) 1 (~ p ~·:(·e of a t~ nit of so?zr 
î)O'.'Y'2!". a pré1L \V~.tt (\V;_,)· is C~·:pr.crGd 
~0 ::;2tc~0 ·:i:.::·:1:--~· -· ~- f~·0'":"1f~toL~ J }{ ~, o. 

a Sil icon-fo l, :-icati. •!1 t(·ch 1 i r1'..le.:; i>l't! 

l>tc:tkin~~ ct\\·~y f:-ori'! th ~ 2i)--y€a1·-olà. 
Czochral~:: i !='rnwth proccs;; "nd cdgÎ!l~ 
into Li gh-rnL1 r:.1. a11d r'.lt:;nt i'.lll2· lo\'. -
LOst si]i(»)n ci bb011s and sii cetr, . 

., A dozcn mat<:ri:'I,; r.rc ÏJ'.!Ü:g st nc:­
ied for th'ir pl.otornltaic ef!eci; 3ingie:­
crystal silii::on still domin 2. tes, k:t 
po!ycry ::; t ::1 ;;i!!con, gal1 Îllln nrs<.:nid,~ 

ai:d cndrnium sulphiJe '1rc µ,ettin ~ in­
crcnsi'd ntt21Hion for spcci<> l UC.<)S. 

u Opt~c ::J c0nct.,i1tra\1rrs Z"!!'<' 1 nrrt!as­
b1~ the C'ÎfPcti\'C ê.; rea Of solnr arrays 
by conve! t·ing rnol'e incident c1H.:rg,v 
than wo;1iJ véherwi;;e fali on tlw l.'.f~ lls. 

1: Cumru~c!·s a;-e hdpi;1:{ w c0.i­
îigurP Qnd opcin1;ze c,,L1i1kt.e ro1:-1-

n1 crci~1l 11hoto\ ul: a~ ·., p0 \·.,·\,r ~:-·:;t~;ns, 

arcord i r.~; to lo:-tJ, ~~·~(;t~rz.ph~, \VC?:lther 
:rnd C\'~ll \hr cosL Gf r.101 1 t · ~. 

The inl!' ~· t n ~: is fr i.'.' rnc:q ~ .\I ·· -:t c!l>Ud ­
l c:~s ~~~1n1!!1"'~· t!t!:,' ''·ith the ~tin ~hini ;1 i~ 
\Jri;:l1! ]y yi··lds a p-·ak e1w1v.v di :«: 1·i lJ:; .. 
t.ion oi n1;(>UL l J.:\\'/!r, 2, tLr 111:.xim u11 ·1 

s0 la ~ · }1T:1 1 li .. L~iPi1 è11îincd b.': ~l p1 ·;d: 
w;; tf. Ju ~· L 1:- i1•1! in t lH· ,;1,;11li! ~ht, .: :2-
in. di :..d 'h': ... ;· srdar cl.'il pro-. Îék:; 1/.1 
\ { ,, 'l :i -in. \':ai't'l' l/:2 \\ 

11
, ;1nd ~ .j !n. 

\\"1frr l \1' · 
' t '1 1· 

F :~c·:1 uni t l' t"'ll <,utplllS a fix< ·t! vc,1! ·· 

{Jick : l c: c ~ <. 1 .: f:i ~;t'.: r 
VV 1.~:-, l r;-n - :~ci 1ti.. • i" 

------. 
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C;: ·~ch r<.d ~ki t:ro..,;r, f.i!icon cr~·,;t.~ !s wit!i uo to o 5 -in . diametei- élre s! ic!c·ci w<1fer­
t11'n t o p:(;(JL'Cé' :::,oiM cclls . ,'\f tc:· clific1sio1~. the dises art:: meto li zcd \ïith 31; 

ci0ctror.-collect11·;r g~id . lt bccornes one of'til e outµut termir1 31s. (Mctorc,l':l). 

r:w·, ~d1 ,.•ut a L::l,--•nli. (~ee oox). Tl:c 
l'c!i~ ;: r(' l'On n; ,l ly '.:l1;·:fi1 ;-irr.d in seril•f:­
!•;HJJi;·l :u r«:;:: tu p· · ;i·:i(l·~ :1 s;wcifi l! 
\l1 J!~11 1:1..·· ;411·1 Ci.t ! ·r~n : c:i. ~ ,:·.t) :I:~ j'. J~.\c~ 1 !1i 

f:i r t!ie "O~t i;1 1· v!v•'•l , ihf' re is '!•<! /i;;1il 
to !h l! 11\ ri".l:è!' nf tc!L; th: 1i l':l:J be 
Î llil';"( Ulltit'Ci,Ld. 

B11t "" l:tr-1·,·l l l>'t':11:t .k'.».'-' f;1 c:- .:; .. 
dil t•mnn_ \\'1 : h• ·u! l1i•:\1-·cul1111H' l ' l 1:\•rs, 

m c:; :ii1 1~fu l pric.:t' tTduction:; (' '1 1 ~ '1 be 
:c:il izcd; w it~wut Io•.,· pri, e:~;;· 1:i;:, vP!­

um c onl r r,; ca~1't be pl eictd. :\.:H i the 
1977 p1· i"l.) i"or él pc 1ak t.\ · a~t. *;1;), i., tl .1~t' t' 

ti int ·:; wh:it it should bC' ÏÎ rlioto\·o~taic 

powc•r i ~: to ,;n.) 0:.' wirh·spl'l'< td LJ~r>. 
1•\,r thït'G :;C':.in; llw J ' '.tH"'!~~· Jle­

SfJUJ C'C :'\ l':c·1t'i op int•n 1 A<l mi11i~t1·,:Li ,m 

(EiUif\ ), Jl (\W par L o! Lhe l1Cl'.'l~ (' !'(':,\cd 
l kpl. of E;ll' rgy, h:1s b0rn Îtl!i di :1~~ 

OK'vl n1:1 ·1::l:1r \lli' •: rs ~1 :d »mi .Tr::. itit•:; 
in fLl1 O\ t.\ r . nl : ..... (} 1 :1r-e le\.·t rie C't1~.! -redue-
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tio11 prog!·;cm , which relies on the fedcr­
al govcrnrn cnt's three exi sting rc­
scarc-h focilities. The Jet Propulsion 
Lahorato;·~· in Pasadena, CA, re­
scarchcs and clevclops raw sobr-ccll 
material, fabricating Jarge-area 
shceLs, cncapsulating the finishcd 
cells, integrat ing thern into modules 
and tcsting the completed array. Sand­
ia Labora1Pries in Albuqncrquc, Nï\1, 
designs and evaluatcs opti i::al concen­
trators and "Luta] encrgy" systems, and 
power-c:ondition ing and stor2lgc sub­
system s, arid identifies O\·cr-all system 
tradcoffs. Lewis Rescarch Center in 
Miami, OH, l.ests and demonstrates 
rcaJ .. jife s~· s t ems in thç fkld. Through 
LC\vis, 1 lw largcst solar-eicctric arcay 
\Vrts in .;tal!cJ é~nd set intc 0 1 H..: 1·a~io;i -~ 

a 25-kW (\\' rl irrigation-water pump­
ing stat ion in }fobr?.ska. 

lntroducing ,' ER! 

Soon, huwevcr, fcderal so la r-cnerg~· 

R&D will be consol idë. !ed llilder the 
roof of the Solar Enl'r'f~Y f:cscarcli 
Instit ute (SE:RI) rn Gold ~ n, CO. 
Cre.:tlcd by Congrc3s, SEI~ I i:> just now 
gctling staffrd and ors;~ ni zed under 
the di. ec·l o:-~;]1 !p of Dr. Pau l fü:;1paport, 
rccu~>1 i 7,r.":l ::;;; one of the counlry's lcad­
ing cxpc·rb in ph olornltaic connrs io;1 . 

Sincc i't·r coleum is th e nwo.l por l:'.bie 
energy 'illll'l'C :ll'ouncl , Ih;Jp:q1rJJ t secs 
its u ~:e oï1I;; for the t1 ·'.nspmt:1 t.i on in­
duslry. St;•liv1 wr:,· focil ili:..:' wiil ui ­
t!mately hl· powcrcd b:-· th e sun, Rap­
paporl pn:dicls . Bul more eHicicnt 
so!ar-cell m am1fact11ring pruer_•ssl' :> are 
nvcd cd lici'urc th;i\ can l1:1ppl'n. Be­
c:1u ~r lcJ\l.·- produl'L ion \' u\.; me n •qu ircs 
a grcal d~ · al of man u:\] inten'Cntion, 
Hnppapur l :1drnc :ite . .; ~h1fti11i; :1\':;1:: 

frorn thL· h 1lch-nric11tL'(; '.-d11•nw~ tu a 
eo11li m:,,11 :' flr•\1 11r1H'< '.·'.' th :1l can l· r· 
nu ~o111ah\d. 1'J1ist S[', \\· i n~1• a bnul t1 pf 
r.ilicon Î11l1 > \':;il' ,·r~ add:-; :;.', ,·,·nt-; lo lht: 
priC' C' of t•::c h \\·:~tl ." hc nult-c:. 

i\Jo;-; t uf' trnh<s Cuill!;rl'rci·d!;. :t\'ail-

AFTER FILL- Fr.CTOR LO SSES 

Even the b()st rn lo:;r col~s won·t rcoch more. th an ~l % conversion efficir;n•.;y, 
according to th eo1·y. Today's dev iccs range tram 8 to 18%. 

,. -:-.. ~ ... ··-·- ,.. --· - · 1 

1 

l _, 

Cci;c; ;-1 U~1g l'.;û ~) P.'p , this l \\·o o :~s tr~c l:ing •~l rJJ vscs trcsne ! lr.:nscs to 
conccr d 1 J le ..,o l.1r c :1 •: r~y 60 ti 1•ws. Lr:nsc!~' ;:ir 80 'il. ef 1 ici~n t: groov0s él re: tu m cd 
i:1 wci; 1J to pre:v01ï1 cl1rt f1e;rn :-ir:cu1111! l;.1tin2. 
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This map shows the tata! d<iily en8rgy in Lang!eys fa!ling on the U.S., in th e 
cou rse of a year (1L =1.î62 rn\l\'h/cm2). 

able sol:Jr cclls are !11.'.loe by the s::irne 
procr.S$ t!iat produces their cousins, 
discretc transis tors anà integrated 
rircui t~. P..ound w::ifcrs arc made by 
gro,,·ing- a cy lindric;--.1 ir,got, or !Jou le, 
of high-purity, singlc-crystal sil icon. 
Th e Ci0chralski process, which grows 
the silicon boule from a small silicon 
crysL~i. makes wafers up to 5 in. in 
di;unetcr (sec photo). Slicing the boule 
likc a snlarn! 1c:-:.vcs n1r!.ny di se~ stand­
inv. 011 cri~l'. T!1cy arc ti:er1 eut aw::i v 
fr~m the con:m~n spi nc. Scparate~I 
from the spinc, ench dise of silic:cn is 
made into a sin~le , large diode (see box) 
L:v Li; ,; s~mc cliffusior: process that 
creates ICs and transistors, ex1;cpt that 
the wafer surface isu't ma~hcd and 
only a sirrgl c diffusion SèPp is ncccs­
sary. (lntcrestingly, it m:1hs no dif­
fcre nec \<·heLhcr Lhr~ p side or Uw n side 
of the ju:1dion fru'e" the sun.) 

F.inal: .1, an oh!llic, current-c(lliceting 
grid is dcpositcd over Lhr1 face of th ~ 
wafer . It bccomes one o[ Lhc solar tell's 
output t.erm i1ds --t lie vt h :'i' taminnl 
is form cd l.1~· rnctn! dcp•Jt- itcd cm th 
uacbirk of the cc!l. Ot1lpul volt<:re:c 
pol«.rity is drlcrn1i;1i:d uy the dirceti~n 

~ 1 
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Scia:· cell s 3re arran a_,d in corn· 
rnerciail y a•1ail?.b!e mod~~ l e s to fit the 
application . These units, v1hid: are 
available from Solc:r Pov1er Corp., 
North Billcrica , Mt\ . generate 25 W 
9.2 V·/P and 1.4 WP, resrectively. p· 

of the p-n junelion; currcnL fl ows in the 
forwa.rd direction. 

Tho ul'dm 3tq in efôicicw::y 

Growing sil:rnn in boules is grcaL for 
p!·uùucing qu:1rtcr-in ch JC c!1i::3 (the 
1y~Jr.rs arc sc·r ibcd, th cn cr::el:cd in to 
squarl"'-) . But t!1c p: ·ocess is \•:oefull\' 
in :ipprupriat,~ for mal~ing carp·:t -sizcd 

l 
l 
1 

-. , . ' - _, . . .. - - ,J 
lite larp,c:;t p!;:r\:J'riit· i ;.:; :n~ :-~l: ni·i,.1r• y<·t is this 2S-11\\1 11 arri-ly .1 1 :rn i1· 1 i1'.:.!li0n· 
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shcrts 0[ th e ma tcrial to col lcc t and 
ron vcrL sunlight. Sevcr:ti fir ms arc 
cnrrently undcr contract to the Jet. 
Propul sion Laboratory to producc 
largc-arca si 1 ic0n, eithcr in ri hbons or 
in shects. Thcse compan ics inclu(fr 
.Mobil-Tyco (\Valtham , I\1.\), l\lo!.orob 
(Ph oenix, AZ) , l~CA (Princeton, NJ), 
Rockwcll lntt'rnationa! (Anahe im, 
CA), lfoneywcll (Dl0omington, l\ !N), 
W cst inghousc nnd Ge:ncrnl Elccll' ic 
(Schenectady , NY). 

Othcr JPL contractors arc working 
to alter the cxisting batch-rnanufac­
tu ring proccss with such alternatives 
r.s ingoL casLi ng and improved sawing 
or cutting of the boules. Th ese conLrac­
tors inc lud c Texas Instruments (Dal­
b s, TX), Variél.n (l,c~x!ngton, l\IA), 
Coors (Golden , CO), Crystal SysLems 
(Salem, MA) and Eagle Pichcr (Miami, 
OK). 

Meanwhiic, commcrci~ ll y av01.i!ablc 
solar array& are bcsct with r,rol.J lcms. 
For one thing, thcy ::re on ly <>c l;ont 12% 
cffi cient-that is, thcy convc:·t in c. i­
dcnt sunl ight into usable clectric power 
at the rate of 120 W /m 2

. Sn:i.11-arch 
! aborator~1 deY ices have reacbcd cffi·· 
ciencics ;:.s h igh as 18%, but Utco­
rctically no ce!i can excrëd ?.J 'io . 

For sili('üll, unn;atchcd spectral re­
s;xmsi:- rccl 1_11~-:-~ the r..vaihblP p;1r'' 0;~-: Io 

44% eff i cien~y. Tf1e Uand~Er!P liatit 
furthcr rcchiccs t.hem t.o 2:JS, aëld îill 
factor brings the nnmlier do\'::l to 27%. 
Aftci' S1Jrfacc rcflcclio:1s anri dcfects, 
the figu:·e is 21%, whie:li 5: till ocesn ·~ 

allow for èirt, mctal-mask s'.wdows 
and FTI. losses. 

Gco~r[;pliical location ks a pro­
founcl cffcct on a solar arrnv's outm.t . 
Peak watts ::i.rc g.;:Jc1·;1tcd o;.:ly du~in>J.; 
the idcal conditions of sumrncr sun nnd 
clear s!;ics. Even th en, pc:ik \V<.Lts 0c­
cur only at noon. AvC;raging r;c•ak pow­
er with cloud covcr, night. clarkness, 
anrl the sun 's acutc angle of ineidcnce 
in winter culs t.he ar,nu::d an10unt of 
usnh!c po·:.r <.•r d0wn Lo 25'/o oî tli c JX;3.l\ 
in Phocni::, ~,nd down to lW,:<:- of the 

. pcak in no~;t un (sec lll<tp ). 

Tcmµ crri.ture take~Ï a t0ll, to(1, <'. nd a 
solar array wiU1 a supp'.lf.l'Li 10-V out­
put \': i l! dr0op Lt\ l~l V· if non11\)p1e 

tcmp t.:r at urcs hii 110 F (,1 :3 C.1. Ev,\ l­
u<t lion a tT<1.vc; pun:ha::cd b\' Jf'L ;in• 

spcc'tl for opcration al l :iO F.((i 'i l') . bu1 
lh at's prol.Jal)ly ov(;rk;!l for 1.m,l OL~1 
applications. 

Prob!01ns on N;rth 

l'roperly i 11tercorn 1ected ::.nrl potU·cl, 
solar n·ll~; ca 11 lJL' e~:p(•ct< ·d to (1;w•·;! L• 
indefini tcly. ln f:H'l, so!a t' cc'lk lw.VL' 
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l ll , (•d in Sjl;l(:(~ r Il' y 1~:1r'' '.1_'ll( j th<.• 
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J;·t 'rc•1'1il ;; ion Lai·:~ _ _.,. r10l ut·t•n able 

111 1· ni! :1 mcasu :- :. _., ~ clq~ïadat ion or 
·f;,i!:1n· yd. 1>ut i iack on <.;D.rlh,:..:. fcw 
:·l'li :1li ilily pn1hle!i 1S rln Ct'OP up. Tl'.e 
chicf cuipri t, nol surprisi 1gly, i:_; the 
cn capsul:iti11g, or put lin:: m<:te r ia l of?.. 
solar-cell modu!c. 

Altl1ough .'.\ mo,.!u lr !lccd n' t be 
hcrmdirally sealt:d , it mus t hc \\·cn!h­
erprcof and impcrvio11s Lo moistu rc »O 
that it c~n \\'Îthst:111d day/nil,r,ht tcm­
pL: ralnn! r:<rl ing. ~Toisturc on the cel l's 
sm fact: d egr ;~drs the unit 's {' [' l'­

fo rn1a;1ce ni pidly. 1 t L«1 uses extra lo,;scs 
by absorpt ion nnd rcfr~1 c t ion , ?.nd il 
promoics the groi\·t h c•f orr,anic sub­
stancc·s th~:l blol'.k \·~·l11ab l e sun light. 

Anc1thcr pcrform:~nce dcgr.'.\dcr , odd­
ly cnough, is the su n, \•:hose ultra\'iol et 
rn ys darke11 the rn\:2.p~tilant rnateria l. 

Thcre is c\·en a p:·oblem \\· ith the 
most used encapsulailt, silicone rnb­
ber. Its ~ticky surf2 cc c,)lle<:ts dirt. 
Ivfo nufacturers col't:" the modulc's farl' 
wi lh clear plastic or tr:nïpercd glass to 
mate the module bdtcr ::ible to clcan 
ilsclf: The "t:rf<'.CC ,_hot~!d 1.- a:.;h cle<m 
in the r::iin , ~:nd snow sho tJd slidc off. 

Cd! !n lcrconn cctions Y: ith in the 
module can also bccom c faillli'e mecha­
nisms, so P.1uhiple, redur:dant connec­
tions r.rnst b•; mad l! lu tf!e dise. 

S!n(·r· snl~r c-u-ray!; n1·:}p, po 1.\·pr v.·hilc 
th e su n shincs but rie\·er at night, 
[)O\\' t:r c:ondition ir:f( and storage facil-

· iti rs <>.rc rrirnc r rquisites for any corn·· 
mcrci:1l :-.c.! ::r-clectr ic s.1·slem. 

A !<'. o n; o t:it~' - L :i'JJe, lc·:1d-acid stor?.~c 
bati cr ics remain the only rcalistic 
po1\'r,· buffers . YP 1.dor:s con1bine them 
with sohr-«01 ! modul(•s, a shunt reg11-
larnr, a blocking diode (to pre\· e1.L 
sh9rting Otlt the battc, ri es e>.t night), 
mount in[•; li<-.rd\\'are :<1;d ab lin6 to con­
figu:·e: a complclc OEi1f ~~ol::ir power 
gerw ra lc1r . 

S;.- :; l vm config-,1•:1tio1i is callcd "c;iz­
ing," \\ hicli 11unn.'.\ ll y hcludl':, H con;­
J!Ul l' i' an:1l:;sis of tlir ~ite ' s latitude, 
l on ;~itl!dc, altitudi>, r:1"~ t: : lt' lllP :1nd 
y c<.1 l.1· "iil-~•>!-ation"-\1·hich refci s !u 
t he :irnuuut oï ti rnr the site i ~~ in t!. l~ 

sun, o,· "in ~ol." Thr. unit of mc«1sun' 
or i n ~o!:ct i o11 is the L <1n 1~ky , whl.J1 is 
rqual to 1. l(i:2 m \' h /cn1? (S!.'e lilrl!JI. 

,\rmt•d \\i 1 h a lk ~r-r ip~i1. .. 1 <1f :hc 
power l" LIJlli rf'd :rnd tli.: site ':; snl;':­
rir cu1n~.t:tii1~t1" , ~1 C1J i!l iiUt t' r dL·i.vrn1in Ps 
t hl' 111 t1:t l'f:i:irnt ;;::='lt;n for th :~t ;ql­

plic:ni i• :i: t 1,(' 1;~;111li ,· : · of ;;01;-:· rnuduk:; 
and th PÎI ~cr i v . ..;·p;.~ï ~ til, 1 1 COiliHClÎ(Hl~~ . 

t he :trr~./~. l 'fJllil'',!;.: ];:·,:ding ;ii,d tilt 
an j ~le. ll:1· 1H1 11: lh'I' 11 f L1

: 1 ltt..·ri1)s n:qui :·t·U 
a11d t li,·ir i1.l• . . 111,r ~i, in:;, as wdl :c·; 
Jl l P.i-l l!'•i ,,y~kl!i 11•·rfo1ïll:l!lc'<.: 011 a 

r- -·-· -· -·-· ~--· - .... ~ ,.- .......... ~ ... --~~ 
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Thi ~ two·axis, t h reP.-scc iion t r acld ng 
c;o n ceiltrnto~· eenc rates 300 W µ , and 
uses a sola1·-pol'1c rcd 11P and steppine 
rn otors to f o!bw the sun. RCA expects 
thi s " fl y's eye" concentrator to cost 
$ 1/\Nri in vo lume quê1nti t ics . 
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A nontrnckine. se; !ar concc1itratc r 
uses high<i ensi ty slrips o! c.21Js and 
jX!:c,ho!ic rc fl c;c tors t 'J genera te 100 
W

11
. (Argonne National LalJoratory). 

monthly k1sis. 
Compu! l' rs can drive the price of 

fl aL-p l?.le so l<ir arrays as low as prnccss 
and mawri<tl <o will al low, but cc·nccn ­
trators can accom pli,;h optically 1•:h;~t 

proccss and m:tlc-ric:ls c:cn't.-:rn t>fîct:­
fo·ely b 1"re solar- œ ll. Conc-('ntt a tors 
arc cons idered the ''hot" pri cc-:·educ­
tion straL..'gy , .'.\t1d m·è bcin ;~ intui:; i\·ely 
dc\' Plop::>d; soïne nwy bec·ome com ­
mcrci<!Ey D.\'aii itbk• a!:' ·c,:1 1·ly c:.s 
mid -l!l'IS, dter t 1:-:ot i;1g 11( Sar1dir1. 

l'oncrnlrn l•)r~ c:in ~:lth er and focu!' 
m en<::! (If ~l.1: ;,u?J ',; C-ill'i'UY 011 a'«1 ib'J! r.; 
sol<:r cPlls u:-;ing p:1n\bola:.;, frL',,ll •.' i anci 
opt ical IL'n:;1•:; . '!\·.:; \ :; :\t ~. :rnd i:t shv\" 
tl. a t c"'lH.:e1dratws ,·, ~ n li,i(1;:l Llw t•qui­
\'alent l'lfi CÎL 11·'.'.\' Ol' ::ilicUll !iühl' C'l·i)s 
ab1"'\\ '(• ];~/ ; ' and g.:11l iuni ::1 :ll'nidt1 cens 
to aln1l}~ l ~:4f;'.,. !h\',\' c.1n · rr1t r·t t.ffc \'tÎ\'C 
in Lhe !'01: th"n':-.tl'l'l l ' nil,'(l St:1 t<:s 
\r hPr:' :~ui::;;~ll t i .. , r:1u :t i;11 c:~:; p ;~u d 

ll\tst tiif;·u ~l. Hi/th L ~ 1 1:kin 1.:. :tnt~ 1~ ün ­

t1ë1rLi11g c·;1>1t'L'nlrntor:; !-'nL'I' p! · n mi~c . 

1\! 011 t !' ;i. ·, : i 11~.! et 111 t· 1:11 t r~l L\ \:· .. ; e f :·t·t ·· 

t ;n-1:> 1JJ :.t!: ii.J_,. tlJ ,, ::11rl';":" <'1.t'"< L1f a 

~--~----·- - --------· -·-

Opcra tin~. the· snbr cell is n li:'.ht­
cmill ing diode' worl;ing hackw :mk. 

A con1enl io11a l LED, like LI H· t _ïpe 
tltat mi~ht be uscd ns a di c; play in 
yom \\'a tch , has a c!eplet.ion layer 
fo n ncd in th e St!mi co nducto r malc­
ri al by opp.osilely dupcd impurili L'S . 
An cxt.c rnal cnergy source-\·olta,;c-· 
-excites the clcctrons to conducL 
th rot!gh the clep letion layer. Exccss 
cncrgy is given off as ph o~ons, 
which :•on can sec . 

1\ solar ce!l, Loo, has a deplelion 
laver formcd in the scmiconduc!or 
rn~teria l by oppo;; itely c!op-:·d i1~1 -
rn: r iLies (the rel! is a p-11 jun:: tin!1) . 
But it \1·o r l;s in reverse. Plu l<Jns 
exc ite the clcct ron::-., and the ju nc­
t ion dcwlops a voltage. 

1Nnrking on dif'fcrcnt sirles of th e 
strect, a LED doPsn't emit a br:1ad 
ran[;c of wavelc!i~~tlï~. aNl a solar 
cc !! cloc:m' t. aiJ.>orb a bro:~cl ranf;c-­
\1·h ich ~icc"un1.s for t·Lc cell's io:.c.cs 
Olle to Îrnper fcc l S!Y!clra l l'CSp0:'1SC. 

The solar ce!! an,! LED rio ~h~i~·c 
li mita lions. The 1~;1 e. rgy b<•. nd g<1p l~ 
~ 1.5 eV) limils the amouin of 
ene:-gy cither one rnn c:onverc. A ·~d 
bc~au::\e lh<::/rc lc::: s-t han-iJ ,:'.'.l cii­
cdcs, both the LED and the solar ce)J 
tulfef 1 'l~ik·cti 1J n ~ u~st>:J as \;,~en ;.~ .. ~ . 
J(1:·sp3 d11c t:o r·!Petrori-hole p?lrf' rc­
combincd in imµur e areas. 

sobr ceil as rnuch as 20 t imcs (20 suns). 
They use parabolic sirnpes to co!:cd 
ex t ra photons and form theu1 into a 
bram, lii-:e that of a flashli ~;ht. An 
array of concentr:ilors and a liJ.: e 
nu rnbcr of soiar cclls are 1110\rn tcd o.n 
a rack that lcoks like a backyard s11·i ng. 
The rack til ts t he array a~ Ll:e bc::; t 
a1wle for the site's lat itud e, anrl is 
adj usted sc:tsonaliy. 

Bcyond a conccnlr2.tion n 1.tio of 20 
suns or,,c;, the op tic;; ) a lignm c:-it üLi1n, 
Jens and C-l·lls bt>comes tao cri t i:: :1) ftir 
a fixed-J'r:rn1c ar;·ay-lJecauSl' of t1'.c 
carth's rol:it ion . 'l l1 c ::;un m~1 ~t 1:.:. 
t ;-ackcd. 

The tn1,·ki nb spccds inYvlHd aïe 
s iow enou Ç!h for ,;teppi11g moto:·: .. l~' 

mo\·c the fr :unc of <'. lracking é .i TJ •~·: :.­

t r«lc;·- i\';; _:t ll und •; r ;:P çontrnl. 'J 1.;­

~~elh e r, the s ~1 · ppi11~ nwlor;; a nrl t i:c· ,:J' 
consume oniy a srn:tll fraction u~· lii,~ 

cnrrgy tli- •:: hclp collL'Ct . 
'l' lw JJiglwsl concvnt rat io11 :· ;\! ;:, \" 

dnLfl i~ lïi 1\(1,\' : .... "l :.\·:s c>·p'' (SPL· ;;L t·l1:;. 

\\:th a c·nn. ·pn\ r;11i11:i ratio of :lOO:-i1·;•: 
t he tr :i1 · l; i11~'. 11n::' t l·c: \' t·r~· acrnr:!l ·: 1.:1.• 

unit t:pi'!: ,1,•:; i Ls po::. ili t111 :-io ii:~ · · .. ' a 
1 ~ 1 inu 1, .. .,., 
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Radio Propagation Fundan1enta ls * 

By KENNETH IlULLI::\'"GTON 

(M:rnuscript rccP,Îvcd June 21, 1950) 

The engineering of rad(o systems i'!'Qll:res 11.n_ estilw~te of tl!c p rjtu:.-r lrJSs 

/,, /wcen the transmittr:.r c.nd the receù:cr. Such cstimatcs arc a.O·cctcd by many 
.r~1r. lors , including rejlections, fading, refraclion in the atmosphcre, and 
1!1jTraction OL•er the cart,h's swface. 

ln lhis papcr, radio lransmi:~sion lh ;:;ory and c;qJCriment in all frer1 w:ncy 
'"rnds of current intercst are summarized. Grouncl wai•e œid sky u·m•e trans­
aii~sion are ù iclwled, and bath line of sigltl and bcyond horizon transmission 
11rc considcrcd. 'l'h c principal empha sis is placed on quantitative charts 
1/111i are 'llseful for engineering purposcs. 

1. l :\TUODuCTIOX 

The pO\ver radintecl from a trnnsmitLing nntcnna. is orclinnriiy sprea<l 
o\·t·r n. rebt.i,·cly large ::uea. As a re;:;ull the power n.vnibb!e at most rc-· 
l"\'i\· ing ant.cnna;:; is only n srnali frac tion of the rndiakd pO\\·er. This 
ra ti n of rndiatcd power t.o recciYCcl pO\YCr is call ed il1c radio trr.n ::;mission 
1,,,,s fü1d it s magnitude in some case...; may be as large :is 1015 to iu ~·J (150 
111 :.'Oü clceibcls). 

Ti1c tran.smi~ .. :-ion Joss liet.\\'Cèll the tra11 ~ mit l i11g und recei\· ing n.ntcn­
ll:1-.; dt' lern1i 11cs \':hcthr. r the H'C'CÏ\·ecl sig11:i l \rill be nscfnl. E~!ch radio 

·This p·1prr hrts hcrn prl'p:1rrd for W 'I' in ~ · propo~Nl " ,\n lcnn:L lïand iiooJ.:" 
1,. l ie pulil! -; licd by :'lkU1·:1\1·-llill. 
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~ -system_ has a maxi.muni allowable trnnsmissiun loss which, if excerd<'d, 
!:.r.csulLs in either poor quality or· poor rc.liabiiity ~ Heasm1ably ac~t11;·at.· 
,,preclicLions of tran ::: nùssion }o;~:; can be macle O!l paths that. approximal1 · 
~ !the ~cl.cals of _eithcr frce _space or plane .cnrth. Ou many paths of i11tcrr.~1. 
:ohowc\·cr,- the pntl1,_ ge.ometry oi: atmosphcrie conditions differ so n111 "1 1 

1 : fr~m1 tbe !x1:;lc a.:;sumplions .that absolu le accuracy cannot be ex!Jcl'il·d. 
_.ne:v.ei:thcless; worthwhilo res~1lt:; can be obtained by using two or .nwn· 
c.~iffe rent methods of analy.,is to "box i11 '1 the answer. 

-~T,he basic conccpL in estimating radio transmission loss is the Io.-~ 

~_('.~pected in frpe space ; tha t is, in a r.egio11 frce of .all abjects tbat migh1 
<'-. absorb or reflect_ radio ene_rgy :: This concept is essentially the inwr"" 
• square la,,·: in opt ic .:; applied to r!ldio transmission ~ For a one wa r<" 

)~~1gLh . separation between nondirectiYe (isotropie) antennas, the frc·1· 
,space Joss is_~2 db and it increascs by 6 db each time the dist:rnrc j, 

. Cloubled. _ The free. space- t.ransmi.~sion ratio at a distance d -is gi,·en by: 

· :( 1 u) ! 
1 

,,-.wb~re: 

}Pr---: reccived powerÎ 
· ~ .mcasmed in samc uil.Î ts 

JPi~:-ra.diated power) 

~ À _::---.-way~Je1.igth in same ·units as cl 

:._g i (or~g,) ,=· po,rer__g&in of üansmitting (or -receivin g) antenna 

·;nie: power_ga in of. an ideal iso lropic antcnna thnt radia tes pü\\Tr u11i­
)o~·mly in _all dirrct ions is unity by defLnition. ,\. sm::ll l doublet l': lw.'1' 
, over<t.11-physical leng; th is short. comparcd ,,·ith one-half wavelcugth h:1' 
;a ~.gain of g .= 1:5 (L7{j dcei bcls) and a one-h:1i f \ïa\"e dipolc hm; 1Lg:1ii; 
.of_2.l5 Jecibels in the direc tion of nrnximum radiat ion . .-\. nomogra111 for 

the frcc spacc transmission Joss beLwecn -isot.ropic antcmias is gin·n in 
;Fig. 1. 

\\Vhen ::wlenna çli111cnsiu11s arc .large comp_arcd ,,·ilh the wavele 11 g:l1. 
fi more co1n-cnienl form of· th e free space ratio is1 

-.\\:Jierc _· 11, r = clÎl'cli\·c an.·:i of trausmi~Liug; or n·<·r'i,·iug antP1111:1s . 
.1,\.nolhcr fol'ln of PX JJ1'l'ssi1 1g frl'l' s;.mf'c· i.nu1:'lmi,;sio1r is t hl' eo 11 <·c·pt 11f 
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•le · tr::u1smi~ûon los!::i \';hich, _if-cxceeded. 
· ;poor relia bility . . Hcu.~o uhbly accural1· 
an Le made on palhs lhaL approxim:it1 · 

(>lane carlh. On.many paths of intcrc~1. 
atmosµhcric condiLiom; <liffcr so rnnl'!1 
absolu le aceurn.cy calll1ot be cxpccl<·d ; 

•eaii.bc oblaincd by using l \\"O or. mon· 
1box in" the answer. 
-ug _radio transmission Joss is the Io>~ 

i: a .rcgion free of all oliject-- that mi1-d11 
~his concept is esscntially the Îlffe1»1· 
-radio transmission . For _a one mm•. 
:rective (isotropie) antcunas, the în·i· 
ses by G <lb cach time the distance i' 
si~n ratio at a distance dis gi'1en by: 

I À )~ 
\4Tid g,g, ( l:t 1 

m~ast" ... c1 in same units 

ne ·units as d 

•nsmitiing (or receiving) antennn 

•Jpic-a11tcnna ·th::it radin.tes po,,·cr 1111i ­

y _definition. _A !::imall doublet 1rhu-• 
-nparecl 1rith one-half m1xclc11gth h:1 - ' 
-nd a oi 1e-lmlf wave di pole has a g:1i1 
•Uaximum rndintion. :\ llOlllOgram f,. ; 
•twecu isotropie anlcnnas is.giH'll i! 

::.rge corn parccl 11·i tlt l lic ira n:le11gl li. 
,c;paœ ratio is1 

-.A ,A " 
-(},<ff 

( ! I • 

mitting or rct 'l' Î\·ing <lllll'1111:1:-< . 
ipaec t.rnn~1ni~sion is thf' cn1H·t•pl ,.• ( 

1 

1 
! -
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the free spacc field intensity Eo v.-lücn is given by: 

Eo = ~ volt:> pcr meter (2) 

11·hcre dis in meters and P, in 1Yatts. 
The use of the field imcnsity concept is frequently more convenient 

1 h~n the transmission Joss concept at frequclicics below about 30 me, 
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,wh,cre .cxternal noise is gcncrally cuntrolling nnd where antcnna din1,.11. 
s)J ÏS>l1$ and hc·;ghLs arc compnrable to or lcss than a \\'a\·elcngth. Th<' fn-. · 
:<§pace fielJ in tensity is iuc.icpeuclcnL of frcquc ncy. and i ts magnitude for 
~9P.~Jci lo1\·att radin.tcd from a half-1rnvc dipole is shown on t lie !cft ha1 1d 
;;,~s_ç_a,le_ or\ Fig. 1. 

}1,'hc concept of free spacc transmission assumes that Lhe atmosphcn· j_, 
r ·~rfectly uniform and nonabsorbing and that the carth is either infinit1 ·l1· 
Üat away or its rcflection coefficient is negligible. In practicc, the modit<­
::ing effects of the earth , the atmosphe1e and the ionosphere necd to i .. 
,. CÛnsidered. Bo th theorctical and cxperimental values fo r these cffccl, 

<-.~re_ described in the following sections. 

:_II.:'.fRA.NS~IISSIO:\" \\Tl'HIN LI'.'l"E OF SlGHT' 

~The_ prescnce of the ground modifies the generation and the prop:ti!:l­
":tion of radio 1rnves so that the recei\·cd power or field intensity is or· 
C: dinarily lcss t lwn would be expected i11 free spa.ce.2 The cffect of plan•· 
~ ear_th on the propag:lt.ion of radio w:wes is gi\·en by 

Direct Reflectcd 
\Vave· Wa\·e 
'---v-" ~ 

Inducti on Field 
. and Secondary 

"Surface EITects of the 
\Yave" Ground 

---..-----' '-----.r---" 

E = 1 + Rei6 + (1 - R)Aci6 + 
Eo 

(:1) 

-.where 

.! R=-= rcflcction coefficient of the ground 

.:A==· "sl!rface ·wave" attenualion factor 

·Il·= ·hrh1ht 
- - 'Ad 

.: ~1y= antcnna hcights measmccl in s:1rnc units a::; the w::wclcni;tli 
and distance 

"/fhe·pa r::unct.ers Rand :l vary wilh both pola rization and the ciel'! ri 1·: tl 
'. consl~i nb of Lhc ground. In ncldi t ion , i he tcrm "su1faee w:wc" h:t>' j,.,i 
: t.o . considerablc confusion since it !l'.1.s liccn ascd in the litcr:cLun· 1" 

~stand for cnLircly difforcnt corn;c pt~. Thcsc factors me di:;<.:ussed :n111 1 

' C01)1p lctcly in Section n·. IT01ïCH' r, the impur-tant point to no te Îll th i­
~section is t liaL cons!dernble simplifi< ·:1 tiu11 is possilJle in most pï:ll'I i··:,! 
çascs, _ and Lhat t he nnialions \1·it.h polarizatiou nnd ground co11::, !:1 111 • 

• • • - ,_.,.,. • r • 1 - • - - • 

1 i 
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cont.rolling and \\·here antcnn:i ùintrn. 
! to or Jess than ::i. \nwelcngth. The fo .,. ; 
! ilt of frcqueucy anJ its m agnitude f, ,r 1 
f-w:1\'e dipolc is shO\rn on the lcft ha1 1•i • 

mission assumes that the atmosp!ten· i. I 
•ng aud that the e:uth is either infinitl'l .1 l 
1t is negligiblc. In practice, the moJil,1 1 
)sphere and t he ionosphere nccd to 1, 
~ expcrimcntal values for thcse effc!'l ­

~tions. 

•)F SIGH'l' 

>difies the gencration and the prop::ig:• 
·cèein d pO\rcr or field intcnsity is 111 
~ted in frec space .2 The effeet of pbJ;. 
• waYes is given by 

Induction Field 
and Second.:iry 

d .. .'ace E iîeets of the 
Wave" Ground 

./ '---y---' '----~ 

+ (1 - R)A c/~ + 

ithe ground 

tion factor 

ed in sa me tmits as the wavelc1q . .;t li 

•ith bol h polu ri zation and th<' ckl'l r 

(:! 

. ion, the t crm ",;,1rface \YaYl'" h:r" · 
i has becn u::;ccl in the lil cr:1: 11 1<' · 

1pts. The:::c factors arc discu~:'l' d 11 · 

~r, the impor tanL pvi nt to 1101 1· i11 ' 
•lification is possible in must 11r:ll'1 

th pobri;1,ation und ground <:tlli~t: i 
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.1ml the confusion about the surface wave can often be neglected. For 
: il'~1r grazing paths, R is approximatcly equal to -1 !.'.nd the factor A 
":111 be neglected as long as both :rntcnnas ure elentted more th:rn a 
.. 1 :t \·el~ngLh a bove the gro-..ind (or more than 5-10 wa velengths abo,·e 
'(':\water). Under tbesc condition:; lhe cffect of the earth is indepcndent 
1î pola rization and ground constants and (3) reduces to 

1 

E 1 /P,. 2 . 6. ? . 21rh1h2 - = 11 -,,;- = sm - = _ sm ---
E o Po 2 Àd 

;dtcre Pois the received power expected in free space . 

(4) 

The above expression is the sum of the direct and groun d rëfi.ectcd 
. r:1ys and shows the lobe structure of the signal as it oscilla tes around t!1e 

in·c space value. In most radio applications (except a ir t o ground) the 
!'rinripal interest is in the lO\\·er p:ut of the ffrst lobe; t hat is, where 
~ 'J < 7r / 4. In this ca se, sin .è./2 = !J./2 and the transmission loss o-.,.er 
pi:t ne earth is given by: 

(h1h2)2 

= d2 g,g, 

f o) \v 

lt will oe noted tbat this relation is independent of frequeney and it is 
·i1111rn in decibcls in Fig. 2 for isotropie antermas. Fig. 2 is not ...-alid 
' IH•n the indicated t ransmission loss is less than the free spaee loss sh own 
.:: Fig. 1, beeause this m eans l hat !::.. is too large for tiùs approximation . 

. \lthough the trans1r..i ssio11 los:; shown in (3) t'..nd in F ig. 2 has been 
!· ·ri rcd from optical concepts that a re not strictly yalid for antenna 

1 " · i~ltts lcss than a fc\,. \rnvcleDgLhs, approxima te r es<. lts can be obtained 
!· ir lower heights by using h1 (or h2) as the brger of eiLher ihe ac~ual 
•:.t i•tma height or the minimum cffect,ive antenna hcight shown in Fig. 
i lite concept of minimum effectÏ\'C anienua height. is di scussed fnrthcr 

' ~1·c·lio11 IV. T he crror llrnt ca11 rcsult fro;n the use of ihis artifice cloes 
•t <'X<'ced ±3 <lb and occurs \Yherc the actual anknna Lcight is ap­
". 1~i111:ttcly cqual to the minimum cffccti,·e untenna hcight. 
1 !11 • sine fun ction in (-1) sho1rs t hat the J'Cl'Ci \·c<l fü'lcl inten3itv o::;cil­

•,. , :iruund the frcc spac:e ntlne as the anten na hcig-!üs :ire in;reascd . 
' " first 1Î1ax imu m oc:cur:> \1·hcn the cliffcrcnec bet11·cen the dir<'ct a~d 

"
11icl rcncttcd wa1·c:; i:; a half wan~ l c n gth . The :; i gn~tl maxinrn bnve a 
~ 11 it11 d l' 1+1H 1 ami the s ignal minima ha\·c :t m:1r;nilt;dc of 1 - 1R1-

111 ·•1111•111\y the amou1;L of elc:ua11ce (or ob:;trud10ï1 ) is cle:;rriliccl in 
. .," nf F!'esncl zone::: . Ali points from whir h a waye could Le rcflcctcd 

. ' 
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, .w-i~h. a: patluiiiiercncc of one~half· wa.velcugth: form· the bound:ITy of" tl11· 1 
:_fi rst:Frco;nel _ zone; .si_r)1ilurly,· the · boumbry oUhe nth;FresncLzonc c: o11 - j 
:o?Jsts l 9f; a~l: po_ints : j'n,1m ·. :11•lJ.Îch : t!1e p:.i,th d~Ierencc.is. nf:!- · :w.n.veleag tl:~ 1 
-:,'"-Çhc :nt h ~~ re:;i_nçl_zone ç:Jear::wce.1! n- nt: uny .d1sLance d1_1s.;g1ven by: 

JlJ" = 10'0d' ( dd-=-.01 '(ü) 1 
-~!1J:tp~gh Jpe : r~flcçtion \<:ocfficient . is · vt- ry :uearly cequal ·. to ~ 1 :'for 
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·~1~-~.m l f inwclc1_1gth form the .bouncla ry of 1 h .. 
IY , tne bounclary of the nth Fresnel zone . . 1 . . ( 011 · 
1 ~~ 1 the µath difTerencc_ js nt2 wa\·cleiiglh.'. 
~nce_ IIn_ at any dist:ince d1_is_given by; 
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2 · USE lHE A C TUA L AN TE Nl'<A HE IGHT 
OR THE M IN l •.•u r..i EFr EC llVE HEIGHT 
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:Fin. 3-Miuimwn effective .an tcnua hcight. 

grazing angles ow:r srnooth sudaces, its magnitude mny be lcss than 
unity when the terrain is rough. The cln~sicnl Hayleigh criterion of 
roughness.indicales that specular reflection oceurs '.d1en Lite phase dc1·ia ­
tio11s are le;:;s than about ± (-,;. /2) and that the reficction coefficient 11·ill 
be substantinlly les•' than uuity 11·lien t he pha::;c deviat ious nre greater 
than ± ( 11/2). lll .mosL cases titis t heoretical uou ndnry between sµec ulnr 
and di!Tuse rcflection occun; 1Yhc11 the variation.:; in terrai11 exceed ~ to t 
of the first .Fre:-> ncl zone clearmH'e . Expcrime1ttal rc;:;uit.s 11·it.h mieroll'U.vc 
tra11smi;:;sion have sltom1 that mo;:; t practic:il palhs .arc "rough" :rnd 
1Jrdinarily .have n. refleetion coefficiz:nt in the range of 0.2-0 . .f. In nddi­
tion, expcricuce ha.:; slt01rn that Lhc reflcction coefficient is a statisLical 
problem and cannoL be p rc<licted at.:curntely from the path profile .3 
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jl(,$}.ing.7I'h c1wmcna 

\Y~riatiom; iiH:cignal levcl wi th Li me are caused hy clrnnging atmo" 
,.p.het'Îc· {;O!IJilions.»The-sc\·eri Ly of t l:e fading usnally increasc . .:; a:; eit lu·i 
~t.hc;frequcJJcy or: p<llh le1~gth incrca~es . Fading cannot be preclictcd a1· . 

c,ç,l~!:a~_{y but,iL.i:>.impor tant to dis tinguü:\1 beh\·een t.wo gcncrnl ty pes: 
1{1) ;im:e>sc bcndù1g .. a.rid (2) multipath cffccts. The latter includc:,; thi · 
iL~-P .i1-ig {;auscd hy.interference bctween direct and ground rcfleeted mm" 
[..a.s.;;yeJl as.intcrf ercncc bctn·een two oc more se para te paths in the atmo~­

rPhere. : Ordiuarily, : fading is a t cmporary dinrsiun of energy to som1· 
~Rt!J.e r ..than . the desirecLlocation; fading caused by absorption of cncrgy 
js~isc:usscd in. a .Jater paràgraph. 

Jl'he ;path of. a:radio wavc is not a straight Jjue except for the iclf'a! 
cÇasc of: a . uniform. atmosphere. The transmission path mn.y be bent up or 
cf-lo\yn dcpending on . a.tmospheric r.onditions. This bending may cill11·r 
i!!l:ci:e~se or dccrease the effectiYe path clearance and inverse bencli11!! 
rffi!'l·Y:h:we the cffcet oftransform.ing a linc of sight path into an obslruckd 
(Q!°Je .-J]1is type of. fading ruay b st for several hours. The frequency of it;; 
-0c<mrrence atid its dcpth ca.n b0 rcduc~d by Ît}cre:isin; the path cicaï­
mnQ~, ;pn,rticularly. Îlr the. m.iddle of the path, 
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•h timc arc cuu8C'cl by cha nging atn1"·' 
'.)f the (ading u:u;illy i11t:reu.-;es as citJi1.1 

~rcasl!S. Fa<li11g ca11110L be predicted ai · 

:ii~tin~uis'.~ betweeu t11·0 ge:1eral t.illl" 
)t1p<:!ltt eflccL:;. The latter includes th. 

· ~\-een dir~ct and grouncl rc~Jccted war1.,. I 
.. o or m01c ~cpar. ~te p~ ths rn the atmu.,. I 
~'llporary cll\'er:;1on ol encrgy to sun11-
·!'~ding causcd by absorption of ener1, 1 

"" 
:ot. a str~ig.lit line cxrept for the icbi 
~ trnnsmi.ssion path mn,y be bent up ! 1r 

conditions. This bcuding may eii.hl'r 
~ patlt clearance and im·crse bendin" 
-g a line of sight palh into an obstructL'<l 
for several hours. The frequency of it ; 
•reduced by increasing the oath clcar· 
-f the \. -

=+-==~---~ -·-

fl i>.'(LEIGH ..DISTRIBUTION 
THEOREl ICAL Mt.X IMUM) 
FO~ :MUll)PAT.'i .FADIN G 
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Scvcre fading ruay occm· over water or on other srnooth pail1s because 
the phase dffferen ce betweeu the direct aud reflected rays varies >vith 
:itmospheric conditio11s. The r esult is that i.he t\Yo rays sometirnes add 
:1lld sometiTnes tend to wucel. This type of fading cn.n be 1ninimized, if 
the terrain permits, \.Jy locating one end of the circuit high whiJe the 
ot hcr end .is very lon-. In this n-ay tb.e point of reBection is placed near 
dtc low a11tcr!.lla and the phase difference bet\\'een direct and reflected 
r:iys is kept relati\·ely steady . 
~Iost of the fading that occurs on "rough" pn.ths with adequate clear­

:wcc is the result of interfereuce behreen two or more ravs fravelin(T • • 0 

slightly different routes in th e atmosphere. This multipath type of fad-
inµ; is rel.a.tiYely inùependent of p:i.th clearan ce and its e.~reme conditjon 
:1pproache:> the .Tu:iyleigh distribution . In the Rayleigh distribution, the 
probability that the instantaneous value of the field is greater than the 
r:ilue Ris C.'\P [-(R/Ro)J, where Rois the rms rn!ue. 
. Represcui.afo-e Yalues of fading on a: path wi1h adequate clearance are 
~hown on Fig. 4. After the multipath fadiug bas reached the Hayleigh 
di :;tribution, a furtber increase in i;itlwr cE-=t:l!lcc or frcqucncy il1creases 
the nurnbcr of fades of ù gi\"el! clcpth out decreascs the dur:ltion so that 
the p!'oduct is the constant indicated by the Raykigh distribution. 

.1/ i.sccllancous E(f ccfa 

The renuünclcr of this Seèbon describes some miscellaneous effects of 
lillc of sighi.. tra.usm.ission that ms.y be important at frequencies aboYe 
:ihout 1,000 me. These efier:ts include Yafrttion in angles of arrival, 
maximum uscful ;:rn1.enna gain, u scful band1ridt.h, the use of frequency 
or space dinrsity, and atmosphcri c absorption. 

Üil line of sight p::d.hs with adcquate cbuaucc somc components of 
the signal rnay arriYe 1Yith Yariations in angle of a rriv:il of as much as 
j 0 to j 0 jn the wrtic:il plane, but ti1e Yari :J.tions in the horizontal plane 
:ire Jess th:rn 0.1°.' · 5 Conscqucn11y, if autcnnas illth bcanrn·idths less 
th an. about 0.3° are u sed, tbere may occa::;ionally be sorne Joss in receiYed 
~ignnl \.Jecause mo 'L of the incoming cnergy arriYes outsidc the :mtcnna 
lw:1m\\'idth. Signal \' :J. riati ons duc to ùùs cJfec t are usually small cor.i­
p:11wl with thl' mu11.i path fo.ding . 
~lnltip:'llh fadi11g is :;clccti\·e fading and it limits hoth t he maximum 

li"l'fttl hnnd \\'idth :ind ihc frcqucn r y :;cp:tration necdcd for adequate 
fr,.q1H'11ry din' r;; ity. For ·10-cili antc11n:1s 011 :1 30-m.il c path the fading 
llll frl'f[ttCll('Ît'S S<'parnted hy J00- :.?00 l!1C is cs,.;c11fr1ily \illl'OITC!atcd re­
'.! :! rtÎll':';S of tlw a\.J~oli:tc fr<·ci11 c11cy. \Vith ](' ,.:~ dirccti\'c r,nte1111as, uncor­
ri •l:ttccl fading c:rn occm aL fn.! qucnt:ies st'p:1ràtccl by le:;:; thanlOO mc.s. 1 
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ilim:gcr:.an tennas (more- un.rron· bcam wid ths) 1Yi!l dcerease the fast mu I t j. 
tpaih Jading .and wiJen; the : frequency separation between uneorrelated 
1fading but.a t . the· ri ::;k of. i11crnasing the long term fadiug assoeiatcd willt 
t.the .\·aria lion::; in the. angle of arrivai. 

(_0ptimum -spacc <liwrnity, · 1Yhen grouncl . refl ec tions arc controlli11~ . 

ii:equires.th::i.tJhe-::=e paration bct11·cen nntennas be sufficient to place u111· 
âlnlcnna on .a :field .:i.ntc11sity maximum whi!e t.he other is in a field i11-
tlensity:minimurn. ·In prnct.icc; the bcst spacing is usually not known hi·· 
LCause ·.the principal .fading is c:iused by mullipath variations in lh1· 
.ro.tm.osplicre. :Ho1Ye\·cr, • ..'ldequate diversity ean usu!1lly be achieved willi 
:.awertical -scpnration of:l00-:::200 wavclengths . 

.At:frequencie::; aboYei),000-10,000 me, the presence of rain, snow, or 

ifog :int.rudm:es an a b;;orption in Lhe atmosphere whieh depends on tlu· 
:.arnount of:moisture. and on· the frequcncy. Du ring a rain of c!oud l.im,t 
qir.oporlion::dhe uttcnuation at 10,000 me may reuch 5 db per mile nlld 
::at:.25;000:mc i t.nmy be.in cxcess of '.25 <lb per mile.8 ln addition to llll' 
relleet .-of:rainfall -some-selectiYc absorption may result from the oxyg<'n 
;and water ·vupor . in the !1tmo.sphcrc. The first absorption pca k duc Io 
·.wal.et .. \'.apor occ:ur::; aL.about~2..J.,OOO me and the first absorption peak f0r 

ro;'\.)'.!;en .occms..a t. about 60,000 me. 

ll.ll. :rHOl'OSPIIERlC -Tll.\:'<S~IISSI0:--1 BEYOXD LI:\E OF SIGIIT 

.}\. ibasie c_cltaracterisliccof.e.Jectromagnetic \rn.1·es is that the energy i' 
!Pl'.Upagatcd:in :a ·direclioirpcrpr:: 11dicular to the surface of uniform pha,;1•. 
IH.adio ·.wa.ves· tr~1.vel:in . :i.·straight li nc only as long as the pha .. e frollL j, 

11-)lanc:and .is .i11fü1ile in extcnt. 
:!Encrgy ·can ·be · trnnsmittcd bcyond the horizon by thrce princip:tl 

imethods : :rcflect ion, ·rcfrnction :rncl diffraction. Jleflcc tion nnd rcfr:11 .. 
ttion :arc:as.-;ociateù ·,vi.H1 ,eithrr sudclen or graduai changes in the din'r · 
;tion ,of; the :ph:i-sc; fron t ,-.·,vhile diffraction is an edge eff cet thot oec·1ir­
ibecausc :the :pha:-.:e-surfacc is 11ol inflnile. \\-hcn Lhe resulting phase frn11 t 

:nt ·.the :reœivi1 i.g _untcn11a is irrcgul:Lr in cithcr amplitude or po:;itioll, tli• 
,distinct ions lwt \';ecn . rcflcction, rcf racliou, o.ncl di !Tract ion tend to l1n·: 1~ 
<(lown. 11dhis e:.i,::;e : lhe· cncrg_v i;; sa i<l 1 o be ;,callercd. Scat le ri 11g; is in'-

. cq.acnlly : picturcll : à~;: :t ' rPstdt. of irrcgubr reflcc lions although irrcg11l:1r 
n;cfrncti011 :plus diffr;1cl i1)!l rnay hr rqually imporLnnt. 

The followinµ; paragrnphs lÎl,snibe Er!'.it the lhc.·orirs of rcf:-aclion :n:•1 

•Of diffrnclion ovt•r a.-;;111ci0lh-splwrc :rnd a k11ifc edge. This is foll1J1r<'d l·.1 

,empirieal data d<'rÎn.?d fro;11 cxp,·rirncn!nl rcsults on the tr:tn:;rniss i1111 1" 
1]\J0int,-; far lwy1J11d Ull' hori:w11, on the efrect::; of hill s and Lrces, and"~' 
ifocliug phe1tomcua. 
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1wic!ths) will dccrc:u;e the fast multi­
'lcy scparaLion bctm.!Cll uncorrelalc<l 
the long lerm ïading n:-::-:ociatcd with 
11. 

grouncl rcflect io11s :tre con troll i11g, 
.n ~ntcnnns be :sufficicnt lo pbœ ont· 
rnm w\ülc the othcr is in a field in­
>cst spncing is usually not knO\rn bc­
;ed by mullipath Yaria tions in the 
.·ersity can usually be ach.ic\·ed with 
velenglhs. 
)0 me, the prescnce of rain, snow, or 
3 atrr.osphcrc which depencls on the 
.1ucncy. During a rain of cloud bur~t 
OO me may reach 5 <lb pcr mile anJ 
; ~.) clb pcr mile.8 In addition to the 
orp~ion ma,y rcsul t from the oxygcn 
c . The first absorption peak duc to 
!l1C and the füst absorption pcak for 

EYOKD 4f:\1F. OF SIGI!T 

rngnclic ,,·a\·cs is that the cncrgy i; 
.ular .to the surface of uni îorm phase. 
~ç on\y as long as the phase front i; 

md the horizon by thrce principal , 
diffraction. Heflcclion and rcfrar· 

•len or graduai changes in the dirrt'· 
a_çt ion is an cd"ge elTert rhat OC'l'lll'" 

·ni te. \\'hen t hc rcsulting phase front 
in eithcr amplitude or posi tion, tli·· 

1ction, ami diffrnctio!1 tend to break 
'd to be sca tt erccl. Srnllcri:ig is fn" 
'gubr n·OcC'liu11s although irrcgul:1r 
qua lly i m pn rta nt. 

'603 

f,'rfraclion 

The .dielectric constant of the atmosphcre .no ·mally ·decrcasc::; grad-
11:dly wjth i11crcasing altitude. The rc::;ult is Lhat the \·rlocity of trans­
mi,;,;ion iucrcascs with the heighL'lbo,·c the.ground and, on the .average, 
the radio e11ergy is bcnt or rcfractcd tow:1rd the earth .. r\ .. s long as the 
..J1:rnge in diclcct ric constant is line:ir with hcight, the net effect of re­
fraction is the same as if the radio waYes continued to traYel in a, straight 
li11c bu t over an earth whose nwdificd radiu::: is: 

1rhere 

a 
.ka= . 

ll (1€ 
1 + - -

2 dh 

a = true radius of earth 

:~ = ra.te of change of diclcctric constant with hcight. 

(J) 

Under certain atmospheric conditio11s the diclcctric constant may in­
rrcasc (0 < k < 1) oYer a reasonabk height., thc:-eby causing the radio 
w:i.ves in this reg ion to bond away frorn the C!lrth . This is the cause of 
the inYerse bending type of fading mcntioned ill ihe preceding section. 
lt is sometimes callccl substamlard refraction. Since the cartlt's radius 
i~ auout 2.1 X 107 fcet, a. decrense in dielcctric constant of only 2A X 
IO··S per foot oi .height rcsults in a value of k = {, which is commonly 
assumcd to be a good a\eragc Yaluc. 9 \Yhen the diclcctric constant cle­
rrcnscs ;:i,bout four times as rapidly (or by about. 10-7 pcr foot of hcight.) , 
the \'a.lue of k = .:>:). Under such a condition, as far as radio propagation 
i ~ conccrned, the earlh can thcn be ccnsid rrcd fbt., -since any ray that 
~1arts par:-illcl to the earth \Yill remain para1lcl. 

When the dielcctric constan t dcc:rcases more ra piclly ihan 10-7 pcr 
r'.,ot of hcight, r:idio ,,.a ,·es that ure rndiated pa;-aliel t.o, or at an angle 
:iboYe the en.rth 's surface, may be bcnt do'\\·m\'ard sufficiently to Le re­
ilt>r· Lccl from the carth. Aftcr rcflcction the r:i.y is ugain bcnt 1.oward the 
•':11'!.h, and the path of a typical rny is simibr to the palh of a bouncing 
ll'nnis ball. The radio encrgy app\~:trs to be -rrappec! in a duct or wa,yc­
~11idc bcL,,·ccn tl1c earth and the maximum hcight of Ü1c radio path. This 
Phrnomenon is Y:1.riously kno'\\·n as trapping, d11c~ tran ::;rnission, anoma-
1, ,il'l prop:lg;ation, or guidcd prop:.igation. 10 • 11 It "'·j]] be notcd that in 

:;. firsl the ll1t'or'.cs of rdr:irtion and 
l!1cl a kni fl' <'.!gt'. Thi :> is foi lo1red li_\' 
Hmkll re:;ulls on the 1 l'•l1t:n1issio11 t11 

·hc efTeC'ls of ltilb ami irecs, nnd 011 
1 

1his ensc the paih of n typical glli clccl \\;l\'e is simibr in form to the pnth 
1 11 f :::ky \\·avc;;, whic!t arc lmrcr-frcqncllcy \\·:i.ycs trappcd bel\1·cen the 

1 

1 
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e.artb .and llie iouosphcrc. Howernr, thcre is little or no .siuiilru:ity !>(' . 
tween the virtual bciglJt:::;, the critic<Ù freq uencies, or the causes of rr. 
fraetion iu tl1c Lwo case::;. 

Duct t.ransllli:;sion is important because it eau cause long di;,1:a11t·i· 

interfereuce with auother station operatiag 02 tbe :fill.rne frequcu('y; 
.howe,·er, it does not occur ofLcu enough uor can iü; occunence be pn•. 
<licted with enough .accuracy to m ake it useful for r.ad.io .sen:iees rnguir- ' 
ing.high reliability. 

.Diffraction Over a Smooth Sphcrical Barth and R z'dgcs 

lladio 'rnves are also trausmitted around the carth bythe phenomeuu11 
of cWiraction. Diiiraction is a fuudamental prnperty of 'rnvc motiu11, 
.aud .in optics it is the correction to apply to gi::ornetrical optics (rny 
t.JJ.eory) to obtain lhe more accmate wa,·e optics . In other worJs, all 
.shadmrn are somc11·hat "fuzzy" on the edges and the trfillsition frnrn 
"'light" to "dark" areas Îl:; gradual, rnthcr thau infinitely ffiarp. Our 

,common experience is that lighL travels iu straight l.iDes :aud ihat f'h:1d­
·01H> .arc sharp, but i.hi:; i s only becr,use i.he diffraction cff ects f02· ilie>t· 
-very iihorL 'rnvelengt.hs are too small to be uoticed 1Dthout the .ai<l of 
special faboratory eqwpment. The order of magnitu<le of the iliffrncti1111 
.at l'adio frequencies rnay be obtaincd by recalling that :a 1,000-rnc radio 
·w.avc h as a.bouL 'the 1mme waveltngth as a 1,000-cyc1e sound wavc i11 
.air, so that these two types of 1\-.ans may be expected to l>end :a:roun<l 
absorbing obstacles "·ith approximately equal faciliiy. 

Tbe effect of diffraction arow1cl the eartli's currnture is i-0 make po,:,i­
ble transmission beyoncl the line--of-sight. The magnitude Di ibe lo:.:• 
:causcd by the obstruction increases as eithcr the distance or 11c fn'­
.quc11cy is increased .and it dcpends to som c ei.i-ent Dll the ante.1111:1 
11eight..12 The loss rcsulting from the curvat.ure of the eari.h is in<lieate,I 
by Fig. 5 as long as i1either autenna iB higher than ilie Jim.iting valu1· 
rillO'.YD .at the top of the chart. Thi s loss i s i.u aùdition to the üa118D.i;:~ill11 
Joss ovc1· plane carth obtain ed from Fig. 2. 

\ Yi1en eithcr a11te1ui::1, is as muchas fo·ice as high 115 tbe limiting 1·:.lltw 
sho\\·n on Fig .. ) , Ulis mcthocl of eorrecti.ng for thr rurv.ature of tlie {'~1r1h 
in.<licates a lo~s !bat is too gre:it by about 2 <lb , \ïith i.he enor i.ntT~.:l;;i11~ 
:asi.he ani.ellJJfa l1cigbt iuerea.-es. An allernate 11:ctho<l of deienuiuii1g 1' 11 • 

pffect of the earlh'r; curY.aturc is gjn•u by Fig. G. The httcr rne1h 0 d i· 
:approximatdy eorrt'Ct for ally nntcnna hci ghL, buL it is i heore! i<'all.1 

limilcd iu di,;tanc:e to points aL or beyoucl the linE'-of-s.igh t, r,:-,;uu1i11~ 
tbat the cmTcd eanh is the only obstruction. Fig. G giYcs the Jo,;:' J'('l:i · 
tin i.o frcc-spacc trn11 t:>miti:> Îo11 (and hence i :; u:;ed \1·itb Fig. 1) as a fun1" 
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-cr, thcrc is little Ol' no simil;nity lie­
i~fr.?- i frcqu cneic.s, O!" the cn u:scs of rr-

·t bccause it can cause long distan<·p 
1 opernting on the :iamc frequcncy; 
:nough nor ca n i ts occurrence be prc. 
~~c it u~e~ul for r::_lclio setTices requir-

l E_arth and Ridgcs 

( around the carth by the phenomc t1u11 
1d3:11lental p roperty of \\·ave motion, 
to apply to geometrical optics (r:.iy 

-ile wan optics. In other \1·ords, ail 
1 the cdges and the tra11sition from 
.1, r·aLhcr than infin.itely shnrp. Our 
-n ·e.ls in strnight lincs and that shad­
.ause the diffraction cfTccts for thc~r 
.ail to hP. noticccl wi thout the: n.i.d u: 
jrder ag1Jitude of the clitfrac tio11 
~d by recalling that a l ,000-mc radio 
.g~h as a 1,000-cycie souncl wave in 
t.:s rnay lie expccted to hcnd arounJ 
.tely equn,l facil ity. 
c:_cçi.rLh's curvature is lo make pos:;i­

{-s_!ght. The magi:iit ude of the I o~~ 
s a~ eitl1er Lh e disLance or the frc­
~.;; _to somc extcut on Ll1c a11 lenn:t 
_ cUly ature of the earth is incl ica tcd 
a __ is higl~cr than- the limiting ,-a lue 
):OS.Îs in addition to the Lrnnsmissio11 
•F'i_g'. -2. -
> t1\·ice as liigh as t.he limiting ,·alw· 
!cJiug fo r the cmyature of the carth 
·bou t 2 ~l b , 1\·ith the error i11crca:;i1t).: 
lt.ernate mcth od of detcrmiui11g tlt,· 
cr~ by Fig. _G. The la tl cr mcthod i; 
nna . heigh~, bu L i L is thrureticn 11,r 
t>cyond the linc -of-~ight, :1 :-;:-; umi11 .C'. 
t1:udion. Fig. G gi...:cs the Joss rd:t­
c11ce is u:;c<l 1rith Fig. l) as n. fun,· -
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1 inn of threc distances : d1 is the distance to the horizon from the lO\Yer 
:mtcnna, d2 is the distaace to the horizon frorn the 11igher ante;ma, and 
,/1 is the distance b8yond the li nc-of-sight. I11 othcr \rnrds, the i ota! dis­
t;tnec bet\Yeen antcnnas, d = d1 + d2 + d3 • Tbe distance to the horizon 
11rer smooth earili is gi ver, by: 

v2kah1. 2 (8) 

1rhcre h1 , 2 is the appropria te antcnua. height and hais the efîective earth's 
radius. 

The preceding discussion assumes that the earth is a perfectly smooth 
!<phere and the rcsult.s are critically dependent on a smooth surface and a 
u11iform atmosphere. The modification in these results caused by tbe 
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rPrc~nco uf hîlls; trees; a11'd: huïl1:1ing::iiùlifficult or impossible to compute, 
if>utjhc ord~r of m::ignitLLàe ·of-these cffects may be obbined from a con­
"~-cli;ration of-the o!her. extremc··casc,-.1rhich is propagation o\·er a pcr­
jf~tly:_aqsorbi1L~ knife c.dge. 

·_[1,')l e ,_cli fTraction of pla11c · mwes oyer . n.. knifc cdge or screen cause.:> a 
~):).~i.dow.loss who:sc:magùitudc:is-show11 on Fig.- 7. The height of the ob­
~t1:uc\,ion.H : is _ measured:fronr thc. Jinc joiniug the two antennas to t li(' 
; t~P é.9Uhe:-ridge.: lt will bc:no tcd· that . the shadow Joss approaches G dh 
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igs_is difficult or Îlnpo,,sible to compul1., 
;~_ eIT~~ts may be obtaincd from a CUl1-

..;se, wlüch is nrupagalio11 O\-e( a per--. .. - ·· . . . ,. : - - . 

o.ver a. knifc edgc or. screen cau:;c::; a 

lO~\-~ o~~ r_ig ~ 7 ~_ The _ hc_ight of the uli­
_ linc joini~1g the twc1 antcnnas to ll11· 
:!J.'.1t __ ~hQ_ ~hadow loss_ approaches G dl , 
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;is .- Il : approachcs 0 (grn11in_g incidence) , and that it increascs 1..-ith i11-
rn·:i:;ing positi\'C values of li. \\'hen the direeL ray dcars .thcobstructiun, 
If is 11t'.gat.ivc, and the ::;haduw lo::;s appruad1es 0 db in an œcill:.ttory 
111:.u111cr a:; .the clcarn11ce i::; increascd. Jn othc r won!;;;, _a ::;ub:;;tantial dear­
:111cc is rcquired o\·cr linc-of-sight pnLh:;; in orcler to oblain "frec-spacc" 
t;·a n ~!n ission. -.Tlic _knife ed_ge diffraction ca\culation is -sub:;;tantially 
i11Jl'pcnc!Qnt of pol[triz::ition .as long as the distance from ·the-eclge.is more 
t h:m . a. fcw ":a v_elen_gths. 

1-

'" 1U 
:u-
·3; 

..:ô' 

* 

...... _, 
-'>,_, :d~.dz 

/ -'... ....... 

:A~T_.1.~---- + -~~~-.---·' ,·';_,.Jl..~T 
A-_dr- -...;-<:- -~--:dz---~--->-

5 

J~; 
to 

\ 

.A 

·2 

' .~ 
.s '-~ "' p 

~ ~ ~ . 
_2 ~-\ :3 --1.2 / 

:5000~ l ~ ' ,_ "' fi /Ô 
. - _o,s 

:2-00_0 - - _Q._3 

l_O_<l:O- _0,2 

~OC- _o.1 

:200--

100-

:faO~ 

~-0~ 
\O._ 

-~ - .200 1!> -'.'.] 3/ 1 

J.L :aoo- u /"' o 
;~ -,lOo :i;oo- G _,/ ~ -0.11-

:I 50 1.!>00 ;3-' -' 
- \ -3000 _,

1 
w 

;>o \ :soool;; 
_20 \ l?,000 3: 

10 \ >30,000 c 
' / -z 
\ ,/ -'" 

5 \ // ~ 
- .3 /\ ~ 
~ \ ~ 

7 

8 

-9 

10 'Î 
.IL 
0 

12 ·~ 
.UJ 

l4 3 
16 ~ 
/!\ ~ 
"20 'E 

"' 0 
A 

Z-<1> 
-' 
.UJ 
t!l 

:30 .8 
D 

~ 
:3~· ~ 

3 
·AO 

-.4!> 

--le· N!)-TE: 
WHEN .'V.::cuR.i>CY GREATER THAN 
-±. l.-S_D B- 15 REQ!J!REO , VALUES ON 
fH~ P1 ~ÇALE SHOU L D S E : 

J-50 

9,~~~ l1 
<t d~j 

Fw. 7 ~ Knifc-cu go diffraction lus~ rclalivc to f1 ec sp:icc . 

1 
' 1 
l 
{ 

-1 

j • 

1 
1 • 

l ' 
1 
1 

1 

1 
\ 

i 
1 
1 

1 
l 

i 
1 

î 
1 
1 
1 



608 THE BELL SYSTE'.\î TECll:\ICAL JOURNAL, MAY 1957 

R = REFLECTION COEFFICIEtH OF SURFACE 

H= CLEARANCE 
20 

Ho= FtRST FRESNEL ZONE CLEA RANCE= J~d;~2 
rc;--fLJ z r- 2/3 ~ 1 2 

M = :,~3 [' q ~,/H,J l4:oo] ---<----+-

~~}= ANTENNA HEIGHT IN Fë:ET 

10 

0 w 
u 
~ 
<f) -10 
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F = FRE~UENCY 1N MEGACYCLES 
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H CLEARANCE -= -------Ho F! RST FRESNEL ZONE 

Fm. 8 - Transmission Joss versus clearance. 

At grazing incidence, the cxpcckd Joss oYer a ridge is 6 db (rig. 7) 
wbilc o\·ei· a smooth sphcrical carth Fig. G indicates a Joss of abouL ~tl 

dl>. l\Iore accuratc rcsults in the Yicinity of the h orizon can be oblaincd 
by exprcssing radio transmission in tcrrns of path clearance mc:1 :> un·d 
in FrL'Snel zones as sJ.o\\'n in Fig. 8. In this representation lhe pl:11 1<' 
emth tbeory and th0 ric!gc diITrnciion can be reprcsentcd ~Y sillglc li: ;v -; 
but the smooLh spb cre thcory requircs a fomily of emTes "-ith a par:1111· 
eter 1ll lhat dcpcncls primQrily on an lcnna heights and frcquency. Th" 
big diffcrCll Ci~ in the lasses preùictcd oy diffraction around a pl'rf:-r l 

spherc ancl l.Jy diffr:i. ction onr a knifc cdgç indicatcs that difTra r t1 11 :1 

lasses dcpcncl critic:ally on Lhc as:;umccl type of profile. A suitnbk ~nl11· 
tio11 for the in tcrnlC'cliale pt:oblcm of diffraction 0\-cr n rough cnrlh li:1-
not yct bccn obtainecl. 

Expcri111r.11tal Data Far Bcyond the !Ior,:::on 

l\lo::it of t.he cxpcrimc11t.a l dala nt. points far bcyoncl the horiznn f:dl 
in bcL11·cen the Ll 1eo rcli cnl c:un·c:; for diffraction onr :i. smooth ~ph 1 ·1• 
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1 loss versus clearance. 

:;à lo_ss .oYer a ridge is 6 db (Fig. ï ) 
l Fjg_ G indicates a loss of about '.?O 
:ir-l_iLy -of the hori wn can be oblninctl 
i lerms of pat h clearance mensured 
_s:, rn ·this represcn lation the pbnl' ' 
m can be represcnted by ;;inglc l inr~; 

res ::i. family of cun·es "·ith a para111· 
1~tcnn:J. hcighls alld frequcncy. Tl.c 
ecl Ly diffraction around a pcrtc<'I 
mife cdge incli ca tc::; that diffractio1 1 
1nèd type of profile. A suitaule ~nl:1 -
r'c1iffraction o\·cr a rour-h cnrLb h:1-

..... ' · . 0 

lorizon 

t points far bcyonJ the h orizon f:il~ 
or diffraction onr a smooth sp!wr" t 
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;1nd for diffraction onr a knifc cdgc obstruction. Various theoriC's have 
lot 'c·n advanced Lo cxpl:t in thcse effccts but none has hecn red uced to a 
:;i mpie form for cY0ry <ln.y use. 1" The expla nation most commoniy ac­
cPpted is that energy is reDected or sc::i,ttcrecl from turlmlent air masses 
i 11 the volume of air that i8 encloscd by the intersec tion of the beamwiclths 
of the transmitting and rcceivirlg nntcnnas.14 

The variation in the long term meclian signals with distance has 
bœn dcrived from cxperimental results and is shown in Fig. 9 for two 
frl'qucncies. 15 The ordin:lte is in <lb belO\\" the signal that ,,·ould ha\'e 
hccn expected at the same distance in free space 1;-ith the same power 
and the same antennas. The strongest signais are obtained by painting 
the antennas at the horizon along the great circle route. The Yalues 
shmrn on Fig. 9 arc essentially annual averages taken from a large num­
hcr of paths, and substantial variations are to be expected with terrain, 
dimnte, aud season as \mil n.s from dny to da.y fading. 

:\.ntenna sites with sufficient clca rnnce so that the horizon is several 
miles a\rny will , on the average, pro,·ide a higher median signal (less 
loss) than shO'lrn on Fig. 9. Con-verscly, sites for "-hich the antenna must 
Ile poiiüed up'l\·arcl to ciear the horizon wiil orclinarily . re::m1t in ap­
prcciably more loss than shown on Fig. 9. In many cases the efîects of 
path lcngth and angles to the hori zon can be combined by plotLing the 
Pxperimental results as a function of the angle bet1recn the J.ines drawn 
tangent to the horizon from the transm.itting and recei,·ing sites .16 
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\',-)Y.hep the path profile .c~n_s i?t~ of [_t si.ngk .. slL?-r P ol~,; t,rnction 1liat , :1 1 1 

1 , , bç .-~ce1i . fro 1 \\ liut'l.1 i<'t111i11'.d,;, th~ ~ igi1aÏ. len:i. may ,appruad1 llw .\ :d 11 , 

, .. pred icte<l liy the knil"c edg;e dill'ra1:t iun lhevryY \\'hile .:;cveral i1111.,., .. 1 
: )ng and u11 usual <:a:-;cs have bccn. rec:ordeJ, the- knife. e_dgc or '.'oh~ t :i..i,. 
:.~gain" thcoi'j" is 110-L ~q)pli t:a blc lu the. typical but 0111.v tq_lhc cxt:cpli1i 11 .i1 
~-paths. · · - - - · : - · · · · - · · · · 

· '- _._As in t he case of line-of-siglü tra!1smjssion the _ fadi~1g of_rt~dio. !iÎ~ti:t!, 
, ,. bêyond the horizon cai1 bè Clivicfèd i1Ùo fasi. fad0g and _s low fadi1_11.( .TJ ,, 
: . (ast fading î s caused by mul tipath transmission in the_ a tmosphen', a 11d 
: · for -a -givcn size -anten na, the rate of fading increases as eiLher_ lhc fr, .. 
' '-'c1ùency or 't11e distail ce is inàeased. "r!ll.s -type of fading is_'_much_ J" ~' n 
'.-)hari the maximum fast fad ing -oly::eÎ·\··ed on lin~ ô(~)gÏ1t. paths, bu t. 1111' 

~~.t\rn 'ar<? sinùlar in pri.nciple. The_ magnitude ·of the_ L~des js de8cribçd l1y 
_ the· Rayle igh dist ri bution. 
· - .;__ Slow fadin g menns 1·nriations in a\·er:.tge . signal le\"el over a periud nf 
. hours or days ·and it i8 greater on beyond horizon paths Lhan 011 li11c-of­
~- sight paths. This type of faJing is almosL incl cpendent of_frequency and 
-·sêerris· to be nssociatcd wit.11 changes in -the arnragc refrnction oî tl!I' 
~-atm-os1)hcre . ,-\..t dislnnces of 150 _' to ::?OO milc8-thc ' variations in hu11rly 
" mecÙail value ~r~u-nJ tiic a.nnual mecfi ûll _Sf!-Clll ( o follm\- a norrn :1l p!·u!.:, -
-. bility law in db with a standard deYintion of about 8 db. ·Typical îa<lin ~ 
_ ~is.tributio11s !:'.l'e shO\ni on Fig. JO . -
- · --'fhe medLù t signal lcvcl::; ai·c highcr in "·ai·m humid cli111atcs tha11 in 
. co!Cl dry c:li mates a11d :>easonal nu:iations of as much as _±10 db or lllOl'I ' 

)r&m .. the annuaî medi ~rn ha \'C occn ob:;en·cd. 18- - . -

' · ~Sin ce the scaltered signais arriyc \\·ith con~>iclerable phase irregubrit i l ·~ 
. in thc_plane-or'the rccèi\'ing antenna, iinrro\\'~hè~n{ed (high gniil) a11Le11-
'. ~às· .do . noL y ic-ld pü\\·~ r oùtpuls pi·oportionn l to t hcir: th~oret i cn l nn·a 
~i~i1~s .-This ~fTect has somctirnes- bcen c:n llccl lo\i:J in nntcnna gain, but it 
~ 1s:·a. : p1:opa.gttt icin. cffeèC ài1d 11-ot -a1'i' antèniw.· ètrcct: 61~ J 5.o Lo ;oo mi Ji .. , 
:tJ}}s I08S iil rec~i \·ed pO\\'Cl' rnny aniotm L to Olle or hm- db for a -10 dii 

;gain: .. ~1~ll'una·; a1{d pcrltaps ~ix to cight db fo r a ~O d_b ~nlc11un. Thl'~I' 
~.è.xtra- los.ses ,·ni·y \\'Îtli ~ imc Lut the ~;;1riations ;o;<:>em to be "1llc0rrcl:tll'd 
\~·i th U1è ·ac t uc1 i' ~igna l le\·el. .. · - -- -
.. -_ The band\'.-i<lth 'lliaL l'<ll1 be usc<l on a s_in glc radio carrier is frcquen tly 
Ji1i1i tccl by the ;;clecti\·e facling- rau;:;_0d by mullipal-h or echo effert~. 

] ".:chocs arc nol troublcsomc as. long as Uie cd 10 ·t.iinc Jc\avs arc Hl'.\' 

' ~sh~~.'t -ctimp:t rcd 1~_-ilh. 011~ cycle .of tJic l;iglws_L- bascbctt<d frcc;ue ncy. 1ïw 

jJrob:ibil ily of iong dt>laycll echrw;:;_ ca n be red uecd (and the rate of i':t"t 
'. faclil1g \'ail be dC'1,-rc:1-;L'J) by ll1c u"~' qf n ai.T O\\" bcam :iu lt;n1t:l8 b,1th 
, \~· i't.11!11 nnd lwyon d tlw ·110rizon. 19 • ~ 0 U::;efnl u:rndwidtli8_of scvcral mq!;:!-.. . . • . . . 
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.single slwrp 0L>strudio11 -t.bat ca n 
.ai lt!n·I ma~· appruad1 the \·a li11· 

·l -theury .17 \\liil1· ,;en:rnl iulen·s l­
·rdcd, llie k11ife cdgt' ur "ob:;lad1: 
.ypica l Lut only lu LLc exceptlOI!al 

.Wssion the fading of raùio :;ignals 
) fast faùing aud slow fading. The 
rn;m.i:;sion in lhc atmo;-;phere, and 

!fading incrcasc:; as cilbrr the fre­
.. his type of fading i:; much faste r 
eù on line of sight paths, but U:c 
1itude of the fades i described by 

erage signal len'l over a pcriod of 

ond hori zon pa th:-; than on linc-of-
1ost indepcndent of frcquency and 
· in the a\·eragc refrac-tion of the 
200 mil e.:; the v~uiations in hourly 
an seem to follow a JlfJrmai proLa-
1.io:1 out 8 clb. Ty;>i r:al f'.ld i ni~ 

·r in warm humid climatcs than i11 
ons of as mu ch <lS ± i 0 db or m 0 n · 

osen·ed.1s 

th con!ôiderable phase irrcgularilil' ,; 
natTO\v-bcamccl (high gain) a nlc11-

,portional to thcir thcorclical an·:1 
-> rallcd Joss in :11Jtcnna gain, but il 
.itenna cfTcd. On 150 lo '.200 mil1•,; 
lùllt to one or l \\·o <lb fo r a -10 dli 
~ht <lb for a 50 db antcrma. Tli ('.,1 · 
variation.s sccm to be uncorrcl:tll'd 

1 a sillglc rn.dio carrier is frequent l_r 
sed by rnul l ipnth or cc.:ho eifl'rl · . 
ns the ccho timc dchi y:; arc' n•ry 

c liiglte,;f li:1 ,:rba11d frequcnc:_r. Tlw 
rn be redu<·cd (:lllu the ra te of f:1.-1 
~'~~ of 1 ~a rrow hcnm ante11n:i :; l11i1 lt 
•U:scful b:mJ wid lhs of :;c \·cral 11 a · ~: 1 • 

---... ··--~~------·""·. 

1 
1 
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cycles appcar t-0 be feasible w1th the antr.unas thaL are needcd to pro­
\·ide aclequate sigual-to-noi:>e m:ngins. Successfu l lests of telnisio11 and 
of multicharrnel tt>!cphone tran smi~ion ha.-e becn rcported on a 188-
mile path at 5,000 mc.~ 1 

The cffects of fast fadi11g can be rcduccd substantially Ly the use of 
cit her frequency or space diYersity. The frequcnry or space separation 
requircd for diversity Yaries wi th t ime an d with the dcgrce of correb.tion 
th.nt can be tolerated .. \. horizout::i l (or wrt ical) scparation of about 100 
1rnvelengths is ordi narily adequate for space di.-ersity on 100- to 200-
11ù le pathti. The corresponding figure for the required frcquency separa­
t.ion for adequate diversity seems likcly io Le more than 20 me . 
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_ .Ejfccts of Ncarby Hills - Particularly on Short Paths 

The cxperimcntal results on the effects of hills indicate that the shadow 
losses increase with the frcqu cucy and \\·ith the roughness of the terrain:~~ 

An cmpirieal summary of the n;rnilable datais shown on Fig. 11. The 
roughncss of the tcrrnin is reprcscntecl by the hcight JI shmn1 on the 

: profile at the top of the clrnrt. This height is the difTerence in clcvation 
bet\\"een the bottom of the vn lley and the clen.tion neccssary to obtain 

_ line of sight from the transmitting antenna. The right hand scale in Fig. 
. 11 indicates the aclditional loss above that cxpectecl over plane earth. 
· Both the median Joss and the difference bch1·cen the mecl ian and the 10 
pcr cent values are ::hown. For cxample, ,,·ith \'ariations in terrni!1 of 500 
fect , the estimated median shaclow loss at -150 me is about 20 <lb and the 
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Y. pn {Jhorl Paths 

-ect& of hilLs i!1clicate that the shadow 
:1 with the roughnc::;.;; of the terra i11. 2 ~ 

Jable clat:i. is s.ltmrn on Fig. 11. The 
tee! by the height H sltown on the 
height is the di ffercncc in clevation 
,êJ the elcvation nccc:::"ary to obtain 
_1tcnna. The right h[rnd scale in Fig. 
Ye that cxpcctcd ovcr plane eart h. 
•nce beh\·een the mcdian and the 10 
)le, with vari~tions in tcrr:t in of 500 
ss.at 450 me is about ~O db aucl the 
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.shadowJoss cxceeclcd in.only 10 pcr ccn t of-the:pos::iiblc.locations bctween 
poinlsA and B i:; _about..:!O+ L"S = 35 Jb. It will be recognized that this 
a11nlysis is bnscd on lnrgo-scnlc variations in field intensity, and docs not 
include the-standing \\·:.ixe cffcct:; whicil -rnmetimes cause the .field intP.n­
,;îLy to vary considernbly wi thin n.fcw· fcet. 

Effects of Buildings and :1'rees 

The shado\\" lobSes.resulting frorn buildings and trees follow some\rhat 
different.la\\·s from thosc causccl by bilb . .Buildings .may be .more truns­
parcnt to .radio \rnves than the soJ id earth, and thcre is ordinarily much 
more back scat ter iu the city th:1n in the open country . .Both ·of thcse 
fa<;tors tend to reduce the sh'.ldO\\" .losses ca.used by .the buildings but, 
on the other hand, the angles of diffraction OYcr or arnund ·the buildings 
are usually greater than for natural terr::i.i..n . In other words, the artificial 
;_·a nyons caused by buildings arc ccnsiderably narrower than natural 
rnlleys, .and thi s factor tends Lo increasc the loss resulLing from the pres­
l'nce of buildings. The :.wailable quantilr:tiH data on t he effcc ts of build­
ings are confü1eJ prim::trily ta r~mr York Ciry. Ihese data inclicate th11t 
in the ran;;e of -10 to 130 me Lhcrc i.s no .significa11L cl1anse wiLh fre­
quency, or at least the ,-a riation ·,yith freqL!Cncy is somewhat Jess than 
that noted in t.he c'.l.se of hills. 23 The rncclian fie ld i11tcnsity at strect lcvel 
for random loc:1tions in -:\Ianhatlan (Se" York City) is about 25 <lb 
bclow the corresponding pbne earth value. "The corresponding vaincs 
far the 10 per cent and 90 pcr cent points n re about T5 n.ncl 35 db, rc­
~pcctivcly. 

Typical valuc·s of attenuation through a brick "'all, .arc from .2 to .5 
db at 30 me .and 10 to -±0 db at 3,000 me, depencling on whethcr the \rnll 
is clry or wcL. Consequeutly rnost buildi..~1gs are railler opaq uc .at J re­
qucncies of the or<ler of thousands of mcgacycles. 

\Vhen a!1 ame1u1a is surrouncled by mocleratcly thick trces and bellrn: 
t rce-top len!., the average loss ut 30 me rcsuiti11g from the trcPs is usually 
:.:: or 3 clb for wrtical polarization n ne! is neglig;ble ·with horizontal polar­
izntio11. IloweYer, large and rnpiù Yari:nions in the recci\·ed field intcn­
>ity Ill[))' c:,isL »rithin a small art:a, rcsulting from the stn.11.di11g-\\·avc 
pat lent scL up by reflcctions from trecs located .'.l.t a distance oÎ scvcrn.l 
1ran:lc11gth:; from the antenna. ConsL·qucu t]_,,, scvcral ncn.r-by locat ions 
-'l10nltl be inye;,t if!;atecl for bcst re::;ulb . .At 100 me the averngP. loss from 
s11rrou11ding trccs ma_v be 5 to 10 ùb for .-enical polariz:t.Lion and 2 or 3 
.Ili fm hori zoi1l:.d polarization. The trce Jo,-st's continue to increasc as the 
fn•qnenry i11crcasc:; , a11d abon' 300 to .)00 me tltey tend Lo be incle­
P•'IHl<'nl of the type of pol::irization .. -\.bo\·c 1,000 m<;, trecs tha t arc thick 
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'f.CHOugh -to ·: block ·sision: are~ roug;h ly· cquiyalen t·. to: a.~ 00lid·._ ohr,i:rnctionc6 f 

ühe -samc ovcr-all -size. 

: IV. :~ŒDTU~l A:\'D -. LOW : FHEQUl'::\CY . GHOU:\D \YAVE ~ TlL·l.::>S:>.HSSIOX 

-.\Yhercvcr the antenna heighLs . are -small compared wi. t h the -,raw­
; lenglh, · the rccci vcd field · in tcnsi ty is ordi.nari ly · st.rouger ·,ri_th-:vert iC':i i 
;polarization than with horizonta l and is stronger onr-sea;. water -Lha 11 

.over :poor soi!. In· these cases the "surface \Ya':e" tcrm_.in (3) cannot Ill' 
:neglec tecl. ·This use of the t erm '!surface Y»m-c". follows~ X orton-'s .us:i.~( ' 

,and_is_noL equirnlcnt to the· Sommerfeld or Zenncck "surface \ni.ves." 
'_The parameter A is -thc plane carLh attenua iion factor_ for: antenn:\s 

~at '.grou ncl lev el. It de pends upon the frequency, _g round constants,. and 
- ~ypc of pobrization . . It is nc\·er_greater than unity and dccrcases- -niih 
_increas ing distance and frequency, as indicatecl by the follo\\-i.ng .approxi ­
:mate equalion : 2·

1 
• 

25 

-where 

-1 A__,__, -
- .,...._, 1 _]_ __ 27rd ( . ll __L )2 

_ -.- J-- sm v 1 z . À . 

·"7Eo -- cos2 0 f t . l 1 . . ·z o= -- or ver JCa po ::inzation 
- €0 

:z = -';\,/Eo - cos~ - o - fo r horizontal-p olari za tion 

:ro o= é -- jGOo->. 

,o = :angle bctwecn rcAected. ray and the grcund 

= •O:for .ant.cnnas at .ground lcYel 

. ~ = _clielrclric constant of-thc_grouncl rdativc to _uniLy.in: frœ.~sp:-ice 

:u = 1conduct.i\·iLy of the .ground in. mhos pcr me Ler 

}, = wavclengtli in metcrs 

:In -terme; of the:-;c ·Sn me p:.i.m met ers . the. reflection ' codlî.oien t . of: f Ill' 
'._gl'Ollllcl is given by26 
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equivalent to a solid obstruction of 

GP.O UN"D W..\. VE TH.\KSmSSIO)f 

-are small compa re<l \rith the wan­
. is ordinarily stronger with vert ir;:I 

·.and is strongcr ovcr sea ,,·ater tha11 
smface waYe" t enn in (3) cannot lw 
urface " ·ave" follom; :;\Yorlon's us:ig1· 
~rfeld or Zcnncck "surface waves." 
artL. attenuation factor for antcnna,­
.he frequency, ground constams, and 
·()ater tl1:tn unily and decrea:::cs with 
-as indica 1.ed by the follo\1·ing appro\i· 
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(\rhich can happcn on ly ,,·ith Yerti 1.:al polarizution) the reOection coeffi­
('icnt approaches +L The angle for 11·hi ch the rcOection coefficient is a 
minimum is called the pseudo-Drcmster angle and it occurs for sin 0 

= 1z1. 
For antennai:; npproaching grotwd level the firsL hm terms in (3) 

1·a11l:el each other (h t und h2 approach Zl'l"O :rnd R approaches -1) and 
the magnitude of the th.ird tenn becomes 

1 (1 - R)A 1 ~ _2_ = 47rhD2 
21rd 2 t..d (11) 
Tz 

11·here ho = minimum effecti,·e antenna height shO\rn in }'ig. 3 

= l 2~z 1 

. The surface wave lcrm arises because the earth is not a perfeci re­
lhtor. Sorne energy is transmittcd into the ground and set s up ground 
1·urrcnts, 'Shich arc distorted relatiYe to \1·hat wo1ild have bcen the ease 
i:: :~n idcn.l i;crfcctly : cflct.:Lng surface. The sur fac~ '.r:::vc is de5.nccl c,s 
the Yert.ical electric field for vertical polariz::!t.ion, or the horizontal 
"IPC'tric fi eld for horizont[ll polarization, that is nssociated with the extra 
··omponcn ts of the ground currcnts causcd by lack of perfcct reflection. 
.\1101.her componcnt of the elec:tric field associated \Yith the grouncl 
··urrcnts is in the direct.ion of propa;;ation. lt accounts for the success of 
1111' 1rave autenna at io,,·.er frequcnC'ics, but it is ahrnys smaller in magni­
tudt' than the surface \l'::t \·c as dcfin ed nboYe. The componcnts of the 
··l1·dric vector in thrce mulually perpenclicular co-oràinaLes are given 
111· :\orton.27 

ln addition to the e!Tect of lhe earth on the propagation of rnd io waYcs, 
1!w prt'.,;cnce of the gro;rnd may a lso affect the impedance of lo,,- antcnnrts 
111d thcrcby nwy ha\·e an cffcct on tl 1e gcncration and reception of rnclio 
·<: 1rps _ ~s As the antcnna hcight ,·arics, the impedn11ce osi:illates around 
•!, ,. frec Hpacc \·aluc, buL lhe , ·~niai ions in impecJu ncc arc l.1 sw.tlly unim­
; .. rtant as !011g as lhc crnter of the l1!1tC'1ma i::> n10rç than a quartcr-

·111·h·11gth aho\·e th e grou11d. For Ycrtic:il groun cl c·d anlcnnas (::>uch as 
' ' •· Hs;·J. i 11 stancla rel . \ ::'d hroad t~asti ng) t lte i rn pcclance is clou h!eJ a11cJ the 
· · 1 1·lfr1-t is th at the maximum field i11ll'!1sity i:-; 3 dh ahC\"C' t hc frec spucc 

'111" i11 s!l'~H i o f G dh rrs indi('at d i11 (J) fpr p](•\·:1ted rtdC'n11:1s. 
l _i pi1·al Yalue::; of the field intc11 sit;- .to hl' cqH·c·Lcd frnn1 a grnu11lkcl 

'•rl 1T·ll"a\·e \"Cr1.i ea l a11te 11 11n are sho\\"n in Fig;. 12 for Lransmi~-;ion o\·er 
· "r ~·i i l and in Fig. 13 for tra 11 ::;mÎ::;:-<iun on• r sc:H ·att:r. Thcsc charls in-
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·clndc the effect of <li!Traction and avcrngc refraction around a smooth 
spherical cinLll as ùisr;ussccl in Section IIJ, but do not include the iono­
splieric cffccts clc;:;t;ribcd in the 11cxt Section. The incrcase in signal ob­
truncd oy rai,;ing eithcr antcnna height is ,;hown in Fig. H for poor soi! 
and Fig. 15 for sca water. 
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; y, " IONOSPHEH!C TRA NS~!ISSION 

. In nddition to the trupo::;phcric ur ground \rnvc transtnis::;ion di::;cus.'"d 
. in the prccrcling sec tions, 11 ::;cful radio cncrgy at frcqucncics belu\\" abou1 
.25 to 100 me may be returnccl to the enrth by rcflcction froru the io11r1 . 
.•sphere, wlticb consists of scvcrnl ionized layers located 50 to 200 milt•., 
; abovc the carth. The relutively ltigh density of io11s and free elcctrons in 
· this region providcs an cfîcctive index of refraction of lcss Lhan one, n11d 
·.the resulting transmission path is simila r to that in the \\"ell knO\rn optic·:il 
-. phenomcnon of total internai reflection . The mechanism. is gencrDlly 
.. spokcn of as reflection from certa in virtual hcights. 29 Polarization is no: 
. maintaincd in ionospheric transmission and the choicc dcpcnds on 1111• 
:-. antenna design Lhat is most efficient at the desirecl elevation angles. 

_ Regular Ionospheric Transmission 

The ionosphcre consists of thrcc or more distinct lnycrs. This does nol 

. mean that the space bctween Jayers is frcc of io11izatio11 but rathcr th;1t 
- the curYc of ion dcnsity \·cr;:;us hcight has scvernl ài::;Linct iJeaks . Tiii' 
_ E, Fl, nnd P2 layers arc prcsent during the dayiime bui the F 1 and F: 
combine to forma single layer n,t night. A lowcr lüyer called the D la_r1·r 

. is also pr2sent during the day, but its principal cffect is to absorb ratlwr 
·-th::m rcflcct. 

. Information about t he naLure of th(~ inospherc has been obtai 1wd 
: by t ransmitting pulscd radio s ignals clircctly overhcad nnrl by record· 
: ing the signal inlcusity and the timc delay of the cdtoes returncd frnlll 

- these layer .. AL 11ight al! frequencics bclO\\. the crit ical frcqucncy f, :in· 
: returncd to earth \1·iLh an average signn,l intensily t.hat is about :l ln 1: 
·. rlb bclo"" the frcc spaee signal that 1rnulù be cxpcctcd for the rn11nd 
-. trip dist:rncc . At frcqucncies highcr than the crit!cal frequency the :;i~11:d 
. intcnsity is \·cry wcak or undctcctablc. Typical ya]ucs of ~hc cri 1 j, :1! 
; frcqu ency for Washi11gton , D. C., are :;hown in Fig. 16. 

During the daylimc, the critien l frcqucncy is incrca:>ed 2 to :1 l i11 1<'· 
ovcr tl1e co:-rcsponding 11ightti1110 ·.-nlue. This apparcut incrcasc in tli" 
uscful frc·quc ncy range for iono;;p lwric t r:rnsmis!; ion i;:; brgcly o!T;;l'l l·.1 

· the hcn\·y dnytimc nbsorption \1·hi ch rcnchcs n, maximum in the l 111 : 

:·me ütngc. This ahsorpt ion is cau,:ccl by intcrnclion hcl 11·ccn the fre <' ('"'" 
: trom; and the Part h':-; rn:ignl' Lic field. The a h~t1we of apprcrinblP al 1 ~ 11 tï' 
tion at nigltt indi ra ics ihat most of the frcc d cr trons di sappl':!r 11 h· ·· 

· the; su11 goes domi. C!targc'd p:uticlPs lra\"t:linµ: in a magnclie fil'ld h:11• 

a rPso11a11l or g_\TO na p; nPtic ftT'l[llC'll l'~", and for clcclrons in the (':1r1h" · 
:.m:igncti c fidù, of ahouL O .• ) gau:;s, titis rcsÙ 11a11rc occun; at al1n11I 1 1 
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H'..gruu 11d wa vc t ra 11::;1n i:-;:;Îoll Ji :-;r: u ::;~('J l 
diO'(?IH.: rgy U t f I'C(jllCll CÎCS beluw :llJOtl [ r 
.lie e:uth by reflcction from the io110- J 
onizcd .ln.yc rs localed ·50 to.200 .mib l 
;h density of ion:; :rnd free clcctrons i11 f 
dcx of rcfraction of les:; than one, and 
milar lo that in the " ·c il known oplic.:al f 

1 
cction. The mechan ism is _genernlly 
1 virtual hcights.29 Pobrizntion is nol 
ssiou und the choice cleµends on lhl' 
it at the ùesired ele\.'ation angles. 

or more distinct layers . This docs not 
s}s frec of ionization but rnther that 
:iglit has several dist inct peaks. TIH• 
uring lhe dn.ytimc but the Fi and F~ 
ight. A lower layer cal!ed the D layer 
its pr: · - =,~al pffect Î':' lo .absorb raLhcr 

)f ·the .inosphere hfls bcen obtaint•d 
J s dircctly overhcacl and by rcconl -
1e dclay of the echocs returned fr<'111 
es belo\\' the crit icfll frequcncy fc :m· 
s igna l in tcn:;ity tl1at is about 3 to 1; 
tt woulcl be cxpcrteJ for the rou11d 
Lha11 the crit.ical frequcncy the ::;ig11:d 
~abl e. Typical , ·alue;; of the crit i<';il 
.re ~ho \\' 11 in .F ig. lG. 
freque11cy i:; incrcasccl .2 to 3 tim• '·' 

1aluc. T his .apparent incrcnst> in t i11 · 
~rie trn11::;missio11 is lai:gcly offoet 11.r 
.h rcarh(:;; a mtEim111n in t he l to :.> 
by inlcrf?.d ion bct,rccn the frcc ekr 
. The abscnec of apprr1·iahlP :ii >sPlï' 
>f the frcc ckrlrum: di ::;appe:i r 1rii 1"

1 

i_..,;i,rn\'cling in a 11u1g11ct i<' fit •\d h:11' 

lc·y, and for clt-<'lrons in lhc <':tri li '· 
tbi:; re:;onanrc orcur:; at aho11t 1.1 

i 

IRADIO :P.HOJ.?AGA.TIOX :FU;-.<DAME~'l'ALS ;fü 9 

· !5.0 

0 

· ~ 
lJ 
-~ l 0.0 

cr 9 .0 

"' "- .8.0 
If) 

'j ·1.0 
'-' >-
~ 6 . 0 

" w 

-

/, ..... 
/ ,. 

I 
/ 

/ 

J 
/ / 

Til ...,,_~HIGH .SUNSPOT ({00) 

1 " ' r--.. 

\ 
\ 

~I 

""' 
::; 5.0 

~ -4. 5 

._ô ~4.0 
,: 

1 / 7 LOW _SUNSPOT (O) ~ "'-.. 

'4 3.S 
ûi 
:> a .J.o 
"' cr 
V 

-' 
<{ 
lJ 
;:: 

2.5 

i 2.0 
lJ 

f.5 

1 

--·-V 

/ / 

"'"-'--' / 
I 
I 

""--
j 

12 : 0'- 2:00 -A:oo -6.oo -e: oo 
-AM 

---t 
10 :00 12: 00 2 : 00 -4'.0C 

- riM E oc . DAY 

\ 
\ 

\ 

\ 

6'.00 
· PM 

\ 
" 

e:oo 

~ 

1 
...... 

1 
10:00 12:0 0 

Frc. 1G - .Typ ical diurnal variation of crit ica l-frequency for J an uary at la ti-
111dc 40 de grecs. 

1111" The magnitude of t.he .absorplion rnrics wit h ·the angle of-the sun 
aliove the .horizon and is ·a maximum abont .noon. The .approxima te 
111 iuday absorpt ion is -sho,rn on ..Fig. lï .in tenns of dh per .1 00 miles of 
path lcngth. (On -short paihs ihis lcngth is the actuul patlrtrnvelccl , not 
tl11• di slancc.along ·the earth 's -surface .) 

Long distance transmis;;ion rcquires ihaL the signal be refiected from 
litt• .ionospherc at a -sma ll angle instcad or ·the perpendicula.r incidence 
II 't'd in oblaining the crit ical.freque11cy . For angles other than direc tly 
111·1·rhcad .an.assumption which -seems lo be borne out in practicc is thflt 
Il11· highcst .frequency for whieh csscnlially frec spacc transmission is 
"li t:ii1 1ed is Je/sin a , where ais the :rnglc bctween t he rndio ray au<l iono­
'Pl1eric layer. Thi ::; limiling frcquency is grcalcr titan the critic::il fre­
•11 11·n1•y and is r.allecl lhc rn:nimum u:::nhle frcquc ncy \\'hich is usually 
:.!din•1·ialcd rnuf. Th<~ rurvcd .gcomct1y li1nib th·.~ dislnnce tlwt ea 11 he 
·olita i111•d.witlt OllP-ltop tra11 srn i:;sio11 Lo nhot tL:!,";)00 .rniil' ,.; and thc .muf at 
:J' '. '.lt11:ger distance;:; dtws nol cxcecd 3 I o 3:;> limes the crili c:a l freq ucncy . 

J [ip d iffc rence hdwecn day ancl 11ighl cffrcl$ mcans lhat most sky-
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!F.1G. :17-- ·:rypical -:v.alucs of :midd:ry _ionosphcric..ahsorptio11. 

iWa,=_c ·patl-.,s -requirc n.t lenst -two .frcqucnci0s . ....:1. :rclativcly .low:f:..:equcw.r 
:is :nceded to .get under -the nighttime :muf oncl a ]1ighcr _freqLtcncy Î:< 

:nccdcd -:that :.is below -the daytime :muf but .above i he :regi0n .JJf :bu.di 
Jibsorptimi. ·This Jower Jllnit depenc!s ·Oll :the :riviiilnble ~c;\g11 n1"toc1rn ~-1 · 
:ma.rgin .and .is commonly called the Jowe,st uBcful :lügh ·frequcncy. 

:.FJ=equencies .most -sLùtable for trnnsm.i-i3sion of 1000 .m.iles •_or:.more \1·i!i 
\Orclirutcily :not be :reficctcd .at the J1igh .anglc-s ·necckd :for :much .:iohor11·r 
1ilisia11ces. A-s .a Tesult the :r::mgc of -skywave ·tnm-smH:sion-:orcli11nri ly d•w' 
:n:oL unrlup the .range of .ground \\'a \"C irnnsuü&sion, ·and ·thc.intcrmed i:t I!' 
11·.egion .i s .calletl the ,;;kip .zone .Lecaw;;e -tbc -f.iignal .i-:> ·too·wen . .k--to ··bc ·.ui;dul. 
.At frcq.uencies of n, few Juegacycles t he :gni unclwave :and -Bt}'ll.'.avc:ram~ • " 
:!lnay .ovei.:bp -irith the result thaL H_'vere :fa(un.g ·occurn -:\\!Îlcn :the ·t11t1 

:siguals .are comparnble in .amplitude. 
J:n :n.dclition to i.hc diurnal xat:iatiuns in frcq ucncy :u nd :in :.ri l>,c;;_orpl ion 

tthere a re -13y-stcmat.ic change.<> with -se:rnon, Jrrtitude, ·nncl '.\\:i th ·the ·11 0 111 · 

inally clen't1-yenr Ruuspot cyc:lc. Iürndom clw.1i.gcs :in -:t!w .cütical fn·· 
((Jucncy of _about± 15 per cent from the momhly ·medinn ·\:"ahw .an' :il.,0 

to ·be cxpedecl Jrom cby-Lo cb.v. 
~.tl11e 71

' Ja-:n'r i:; üie ]Jrincip11l euut.rililltorto :trmrnuü&:i ion1H;'.youèl:l~1H i (l l 11 

1.,"500 mile::; .:tud t::pical v.ulucs of Lhc JllltXtmtcn1 11 ~1Lhle ·frnquenr:.'' ea11 lw 
f1.u11rn1~u·it1ed fh-; follo11·,-; : "The mec! ia 11 niglittimc cri t icai :frcquet11 ·.\· :for i' 
hycr i.nuh-;mili:-::ion at the httiLlllk at \ \'ai-;hingtnn, D. ·c., , ~:-; : al 1 oul ..:! 111" 
:i.u the muuLh of .J utH~ dutinv; a pcriod of Jo,1· -suuspot :nctiùt-y. Ali fr•· ­
qucuries l>f:'lo\\' aliouL.'..? me ::i.re ctrongly rcfleeted Lo earflnd1 iit' : t ltr _ l: ~dwr 
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JQ..idday ioDospheric absorption. 

equepcies. A rebfo·ely low frcqucncy 
time muf and a higher frequency is 
:; 1.m: ': nbo\'C the rcgion.of hi61t 
~nd~ t.111 r.he a \'ailable signal-to-11oist· 
~ lowest useful high frcquency . 
msmission of. l 000 miles or more i\'ili 
•high angles needed for much shortl'r 
:=:kyw:.i.vc transmission ordin2rily doc,; 
l'e transmission, and the intcrmcdi:1!t­
sc lite signal is too wcak to be us 'fui. 
th e grow1d wa \ ' C and skywa •c ra11g1·' 
sevcre fading. occurs when lhc t ""' 

jons in frcqucncy and in absorpt io11 
season, latiluJc, and \\'Ïth the 1wn1 · 

:{.andom changes in the critical fr•· · 
i the nrnnthly mccJian value nrc :il'" 

•uulor to lra11 smissiou bcyond 1,00111·· 
c rnaximum 11:-;able freqtwnc~· (':.11 !" 
1 nighLlime crili<:a l frcqut'IH'Y fnr /' 
t \\'a ..;hinglon, l>. C., is abo11I :.! 11. 

od of Ion· s1111 :; pot. ndi,·it.y . . \ !! !'11 
;: ly rcflceled Io l'mlh ,,·Jiile. tlH· lti~li · · 

621 

f rcquencies are either grcatly attcnu:üccl or arc lo"t in outer space. The 
approximate maximum usablc frcriuency for othcr conditions is grcatcr 
t han 2 me by the ratios shmrn in T:.J bic I. 

(1) Time of Day 
.lllidnight 

Vnriat'.on \Vitb 

Early Aflcrnoon-Junc 
Decembcr 

(:2) Path Leugth 
Less than 200 l\Jiles 
Approx. 1000 ::0-[ilcs 
l\Iorc thau 2500 ::0-Iilcs 

(:\) Suospot Cycle 
J\linimum 

TABLE I 

For one ycar in five-Ju ne 
Dccember 

For one year in fifty-Ju ne 
D ecember 

Multiplyins factor 

1 (Referencc) 
2 
3 

1 (Referen.:e) 
2 
3.5 

1 (Rcference) 
1. 5 
2 
2 
3 

Whcn all of the abo\'e variations ·add "in ph~se," trans;:nission for 
dista11ces of 2,500 m.ih:s or more is pos -·ible n.t freqt1C'ncies up to 40 to 60 
111e. For example, using the table, 2,500-m.i..le trnnsmission on an eariy 
l ll'ccmber afternoon in one year out of fü·e can be cxpected on a fre­
'!llrncy of about -12 me, which is 3 X 3.3 X ~ = 21 times the refercnce 
1Tilieal frequcncy of 2 me. Peal:s of the sunspot cycle occurrcd in 1937 
:lilJ in l\J4.ï-19-1S so another pcak is cxpcctecl iu 1958-19.59 . 

Tlw maximum usablc frequcncy also ...-aries \\ith the geomagnetic 
l:it ilu<lc but, as a, first approximation, the aboYe values are typîcal of 
""nti1:cntal U. S. Forecasts of the muf to be expcctcd througl..to;_Jt the 
11 orld nre issued rnon thly by the X ational J3u:-cau of Standar<ls.30 • Jt 

T!t t':;c cstimatcs include the diurnal, scasonaL aucl sun spot effcets . 
. .\noLhcr type of absorption, oYcr and ahO\·e the usual daytime absorp­

rio11, occms both dny ::tlld night on trnnsnùssion p::tths that tra\·cl through 
t '11• amoral zone. The aurornl zonC's arc cen tcrcd on the north at1d sou th 
111 : 1 ~nl'lic poles :,,t about the samc dista11ce as the .'\.rctic Circ.le is from 
1111 ' gcogrnph.ical north pole . Dmi ng; periods of nrng11clic stonns thcsc 
«ttrnr:tl zones expaml O\·cr an arca much largcr than nonn::tl at1J Lhcrcby 
' '' ' lïlpt cummunic::i. t ion by introclucing unexpcclcd absorption. These 
• " 11ditions of poor tr:rnsmi. sion can l::ts t for h oms allCl sometimcs cven 
i. •r d:iys . Thcsc pc1 iocb of incrcasccl absorption arc more commo11 in 
•I \ . J . ! 
··Il' p1i :ir l'C'gtons t tan m t 1e tempera te z0ncs or the tropics becau:;c of 
1111

• prnximily of the aurnr~ll"zonc and arc frcqucntly ('alled HF "black· 
" 11 1.'." During a "blackout," the s ignal le\·el is decrenscd consiclcra l.Jly 
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tbut~ thc-füglliiJ doc:;· not drop out complctcly. It appcars possible that t 111 • 

wutage- lime: normally. ass;;<ci,tted \Yilh llF transmiss ion could be grcatly 
rrcdu<'Cd · by; U1 c w =;r of· tran;;in\tLc r )JO\\'C!" and an t.cnna sizc comparai 111· 
'l to· that n ccdcù ü1 the ionosphrrie sca Ltcr mcthod dcscribcd bclo\\'. 

~ In,.addilion to· the. n.u ror:J.Lzonc ab:-;orp tion, thcrc arc shortcr pcriod' 
•of-seve rc . absorption OYcr t.h e· rnt.irc hcmi:spherc fa cing the sun. Tht>~1 · 

~crratic.and unprcdi c:tab!c cffec ts which sccm to be associaled wilh Pn:p­
-_ t,ions .. on the -sun. are e.allcd ·sudden ionosphcric clisturbnnces (SID's) or 
ï. lhe_DcJJinger. effect. 

-~The: preccding information is based primarily on F byer trnns111issio11. 
'iThiE layer is locatccl doser lo the carth than the F layer and the m:ixi­
:munLtra.nsmission dist::.mc:e for .a siugle reflection is about 1,200 milt·.-;. 

~ Re.fl eclions . from lhc · r; layer somctimcs occur at frcqucncies abo\·1· 
~about-20 me· but arc erratic in both time and spacc. This phcnomc111H1 
_h as becn-.cxpla incd by ass1Jming tlrnt the E layer contains douds of 
; ionizatiou-that s.rc variable in sioe , dcnsity, and location . The mnxim11111 
: frequency. returnecl to ca r th may at timcs be as rugh us 70 or 80 me. ' ~ 

-n.11c high \·alues are more likely to occnr during the summer, and duri11~ 
1tJ1c: minimum of the · sunspot cycle. 

:i Rapid · nrnltipath fading exists · 011 ionospheric circuits and is supcr­
:imposcà on: the lo;'lger· t~rm variations Jiscus::cd abo,·c. The amplitwk 
·.of the fast fading follü\l'S · the . R ayleigh distribu t ion and eeho dclay::; up 
1 ta:sc\:era l: mil li seco nds arc obsc1Tcd. Thesc dela ys a re 10 1 to 105 times as 
dong : as. for · troposphcri c tr::u-ismission. As a resu l t of tbcse rclati n•l.I' 
ilong dclays uneorrelatcd- st·lcctivc fading; can occur \\'ilhin a few huml n•d 
C'~ycles."Ihi s pro<luces. thc.. di sto1tion on ,-oice circuits tha t is characleris­
~tic cof ·'.~short -.·waye"; trntismission. 

J Ionosphcric :.Scailer 

1The: ma..~num l:lsablc frQqucncy usccl in co11YCnti011al sky,1·a1·c tr:111 ~­

nnission -is dcfinecl t:i::r the. highcst frcqucncy rc turncd to carth for \Yhi 1·li 
~the: nver.igc · transmiss ion is \\·ithin a fc\r db of frr e sp:lce. As the f1·1" 

rquençy::incrcases aboYc· the· muf the ::;ignn l lc\' cl clccreascs ra pidly 11111 
cdoes· nol drop o-ol. rornpktcly .. . -\l though t he s ignal lcn' i is !ow, rc li:di! 1• 

~tr:ansn~i ssion rai: be oLt::iincJ at frcqucnc ics up to 50 me or h!ghl'r :11 11 1 
•toclistanres np·to at le~st . l,:!00 to 1,500 mi!c'. 33 In thi s case the ~ i µ; 11 : d 
1 i s~ SO to ' 100 <lb lwlo\1· t he: frce- ;;pacc Yaluc and it s sati sfactory ll ::'l' n·-

, c_qliires:nrnc.lt lùghrr powr1: and.:lrrrgcr an tcnnas t lian are ordinarily u;.1·il 
; in: ionospltC'ri r; frat1smi:::::;io:1 :.The approxima te \'a ria t.ion in mcclian :-i ~n: il 
jfoyc]·:·with · frrqlll'IH'Y -i~- s l1 mrn: in Fig. 18 . 

Jlo.nosphrri c. seatlc r is npparently 1 lie rc~ulL of rc fl cc tio11s from 1'11:\11.1 
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-m1plctcly. Tt appcars possible that th<: 
·ith IlF trans mi~!;ion rnulJ be grcatly J 
· po\\'cr and u11lc1ma :sizc c:omparnbk 1 
cutter met hoc! dc;;;cril>cd be\011·. f 
ab:orplion, thcrc arc ~bortcr period~ 1 

·ire hcmi:;phcre facing the sun. Thc·~p 

hich seem to be associatccl 11·ith erup- tll 

l ionosphcric clistï.u·L>auccs (SID's) or f 

scd primnrily on F layer transmission. 
earth t.lwn the}' layer and the maxi - 1 

~ingle rcflection is about l,'.?00 mib. ! 
>met imcs occur at frcqucncics al>orP 
,h time and space. This vhcnomrnon 
that the E layer coutains clouds 11f 1 
density, and location. Tbe maxim11111 l 

1t times be as hig;h as ïO or 80 me.'~ j' 

occur d~l!'ing the surumer, and dmi11g 

f 
)Il ionospheric circuits and is super­
. ions cli,,eus.:;cd r,bo':c . The n.mplittrt!i 
::!Îg;h : Lt~Lion and ccho dcl;::,y:; 1q • 
:L These clebys are 101 to 105 tinw~ :1, 

sion .. \ s a result of thcse rel:.iti1·<·lr 
ading can occur 11·ithin a fc1y hundn··i 
i or~ , -oice circuits tba t is chrrraderi,. 

used in convcntional ky,ya1·e tr:1:»· 
·equency returued to earlh for 1rl:i.-li 
t a fe\\' cl b of fr~e sp:1ce .. \.s the fr, .. 
•hc signal leYel decrc:i:::f's rapidly lin: 
iot:gh the sigu:.i.1 lcn~ l is loi'-, n•li:d :,. 
cquencics up to 50 me or higlwr :11.,i 

1 1 500 rnilcs.33 In Lhis ra:::e tlic :-i~ ·· ,' 
J 

iec Y:.llue auJ its sntisiactory u,;c r• 
cr anteunas than are or<linarily 11 - • .: 

iproxirnate vari ~ttion i.n nwdi:1n :<i~ n­

:'ig. l.S. 
,- the rcsult of rcflectiom; from 1u:i: ' 
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Fm. 18 -- J\Icdian signal lcvcb for iouospheric scat ter transmission. 
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p·J!ches of ionization in the E layer. It is suspected that meteors are 
im portant in esüi bli shi ng and in mai11t::ii11ing tbis ionization but· this 
h:ts not been rkm-;y detcrmined . 

ln common 11·itl1 otlier iypcs of irnusrrüssion, the fost facling follmYs 
:1 lbyleigh distribution. The distribution of hourly median Yalucs rela-
1irc to the long tcrm median (aftcr the high signais resulting frorn 
-pnradic E transniission haYc been remoYcd) is approxirnatr:ly a normal 
prohrrbility l:11Y 1\·ith a standard clcYiation of about 6 to 8 db. 

Ionospheric scatter transmission is ;;uitable for several telegraph 
• hannels but the useful b::mdwid1 h is limited by the severe selectivc 
hdiug that is characterisLic of all ionospheric transmission. 

11. :\OISE LEVELS 

The uscful.ncss of a radio signal is linùted by the "noise" in the re­
··i 1·er. This noise rnay be ~ither umrnnted cxtenial interferencc or the 

: r' t ci rcu it noi:;c in the rccci 1·er itsc lf. 
.\lnwspltcric static is ordinarily controlling nt frcquencics Lclo'.1· a 

•·
1r m('gacydcs 11·1tile :;et 11oi:;c is tLc prim,ny limit::ü!on at frequencies 

.i ,.,,.<, :!OO !.o 500 me. In the l 0- to :200-mc baud tlw eont.rolling fac Lor 
:. lh'1Hls on the lot':1 tio11, timc of day, C'!f'. and may lie e!ther atmosphcr ic 
':il ii-, lll êlll mad e noise, <'o,.;mic noi s<' , or :-el noise. . 
TitP thcorl•lical minimum t:ireuiL niiisc (':111:::ed by the thermal :1gilalion 

.( ll1t· \'lcctrons at usual airno:;phcric tcrnpcr:lturl':; is 20-! <lb L>clmY one 



twatt ·pcr cycle ofb,rnclwidtb ;· that is, · the· thern~aLnoise_: powrr,::i11 ~dl , 11 
.is -:20-1 + 10 log (l.mnd 1rid th).· The .first circui t or-sel noise is--u:-:uall 1 

Jügher i;hatt the tht'Ol'Clica\ J1Ul1Ïll11.ln1 . by :J.: far,t.OL 'Kl\0\\'.Jl. 8.S: lh l' . ll P f, , . 

~figure. For example, the -set noisf' in a rccei\·er wiLh: a; G-kc: noi~e u:u1d 
-:\\idth and an 8-db noise figure i: 158 db belm1·. l. watt,-.-,~·wcJt-i H. equira . 
.knt -tc 0 . .12 micrornlts across 100 oLms. ·\-ariat.ionsjn thcrmetl nui~t: :u1d 
.fietJ1oise follo11· thc .Haylcigh distribution , but the quantitati1·c rPfrn ·w. 
:is us ually the rms \'.alue (G3_2 pcr ccn t point) , 1dlich.-is . l.G dli Juglirr 
:than ùie .J:r.cdian value shmrn on . Figs. -.!: and . JO. ~ ::\fomenfary- thern1 :1' 
JlOise pcaks more than 10 to 12 db abo\·e- tl1e rne<lian value oceur. fur :i 

.-.srnall ·percentngc of the tirnc. 
.A-tmosphcric stat ic is caused by.lightniug an<l olhcr.natun::. l elcttrin '. 

.rlisturbauces, and is propugated o\·cr lhc carth by. ionosphr.ric t r:i11 -

J:nissio11. ·Static levcls .arc .gcncrally stronger. at: n.ight· than. in· t Ill' .d:1.1 
-tllne . .ALmospheric -sta ti c is . nLOrc noticcablc in· the 1rnrnr tropir.a l. :m·:1 • 
·:whcre the storm;:; .are . rnost frequcnt thnn jt ·is. ju- tbc· coldcr nort li<·r 11 
:regions which ore .far ·remo1·ed from thr Jightn.iug-s torrn.s . 

Typicnl vvcragc \ 'etlues of 1:0ise in a. G-ki:: bancl arc- sbo1rn 011~1-\~. !'. I 
Tho atmosphl:l; e; stat ic Ja la ure rough yeorly avcrn ges. fo r a htitn1 !· 
nf -40°. ·Typiea l summcr anrnges arc a fe11· <lb highcr than the Y:.tl111 · .. 11 

lï]g. 19 and the concspondiug wintcr Yalues. are .. a: .few :db . lo11Tr. Tl11 

average noise lc\·cls in the tropics may be. as. much .. . as: I-5. .db. b..iglll'r t l c 11. 

·FIG. J!) - Typical aw r:1gc nuise lcvd in :.t G-kc bHnu . 
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, Îil, the thcn nal noise powrr, in dl m 
'hc fü::;t \'Ïrcui t or set noise is usual!y 
rnm by a factor kn o\':n as the noi.,1· 
in a rccci\·e:- with a G-kc noise band­

,58 dh hdo\1· l \\':.tlt, which is cqui\·a­
)h ms. Variat ion::; in thermal noise a11d 
Lution, but Lhc quanti tative rcfercrn·1· 

-r cent point), \l'hich is l.G db higlu·r 
Figs. ·1 and 10 . .i\Iomcntary thermal 

) abo1·e the medi::rn value occur for a 

lightning and olhcr natural elcct rfr:tl 
)YÇr the carth by ionospheric tran;;­
y st.rongcr at night tlmn in the d:i~·­

•noticcab!c in lhc warm tropical a rca, 
~ 11L than it is in the colcler northcrn 
m the lightning storms. 
m a baml arc si10\nt on Fig. J\1. 
rougi. J d ll'ly avcrages for a latitut!1· 

"lrc a fcw Jb higher than the rnl11c o:i 

1inter values are a fcw clh lowcr. Tlll' 
may be as mueh as J 5 db higlier ll1:111 

go n o i ~c l•·vd in a G-kc u:1 m!. 
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f11 r l:.ititucles of 40° while in the A.rctic region the noise may be 15 to 
::1 <lb ]o\\·er. The corrcspondiug Yalucs for other band~1·idths can be 
ht:1 incd by aclding 10 clb for euch 10-fold incrcase in bandwidth. ::\fore 
11rn plete estimates of atmospheric noise on a "·orld wiclc basis arc gi,·en 

.11 the National Bureau of Standards B ulletin -462.29 These noise da ta 

.:re b:i secl on measurerucnts with a time constant of 100 to 200 m illisec­

.. n<ls. Noise peaks, as mcasured on a cathode ray tube, rnay be consid­
•r:1lily h.igher . 

The man made noi~c shm»n on Fi g. Hl is causecl primnrily by opera-
1 i•> ll of electric S'.1·itches, ignit ion noise, etc., and may be a con'trolling 
:':id or at fr equencies Lelo11· 200 to -100 me. Since radio transrnissio~1 in this 
:· r,·qucncy range is primarily troposphcric (ground 1Yave), m an made 
· 11i.-;c can be relatiYely unimportant beyoncl 10 to 20 miles from the 
·iJu rce . In rural arcas, the controlling factor can be either set noise or 
·q,:mic noise. 
· Cosmic and solar noise is a thermal type interference of cxtrn-terres­
~i:i l origin.3" Its practical importance as a limi tation on communication 
ir.~uit:; secms to be in the 20·- to 80-rnc rauge. Cosmic noise hr.s bccn 

:· ·nncl at much highcr frequencies but it" magnitude is 11ot significantly 
·ho1·e set noise. On the other lmnd, noi se from the sun incrnases as the 
:r1•qucncy increases and may Lccome the cont roUing noise source when 
.. · :~h guin antennas arc used. The rapiclly cxpanding science of radio 
1 ~t ro:1omy is i:n-estigating i he yariations in üoth time and frequency 
"' thcse cxtra-terrestial sources of radio energy. 
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