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Preface

This revised and expanded edition includes a great deal of new material that has come te light since the second
edition was published.

The filter section has been thoroughly updated and now includes computer-generated tabulations of
modern filter design based on network synthesis. This major entry was especially prepared for this book by Mr.
Ed Wethsrhaold, whose contribution | most gratefully acknowledoe.

| also wish to thank my friends and colleagues Rich Myers and F. Raymond Dewey for giving so unselfishly
of their time to review and comment an the previous edition of this work and for generously sharing with me much
of their private source material.

The word knowledgse brings to mind the staggering body of facts and data accumuialed by mankind since
his descent from the trees. Once, thousands of years ago, it was possible for a man to know all that his kind had
discovered. 8ut, lime has added so greatly to our reservoir of wisdom, that knowledge, loday, has assumed
anolher meaning: knowing where to find the information neaded,

This book humbly admits to being my attempt at simplifying the task of the busy engineer, technician,
amateur, and sludenl in locating the data he needs in the shortest possible time.

Gathered here, in one single volume, is a wealth of information in the form of timely and practical
nomograms, tables, chars, and formulas.

Some of lhe material was available elsewhare, at some time or other, but never has all ¢f it been gathered
together under one cover. New and heretofore unpublished charts and nomograms are added because of what
seemed to me an obvicus need for such material.

The book is arranged in a most readily usable format. It contains only clear-cut, theory-free data and
examples thal are concise, accurate, and o the point. The user of this book will be looking for answers and he will
find them, without having to fight his way through lengthy derivations and proofs.

In order 10 assist you in finding the data you seek, the book has been divided into six functional sections.
That organization, together with a comprehensive index, quickly leads to the specific information needed. The
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NBS STANDARD FREQUENCY AND TIME BROADCAST SCHEDULES

The diagrams presented here, with exptanalory notes, summarize the technical services provided by the National
Bureau of Standards {NBS) radio stations WWV, WWVH, WwWVB, and WWVL.

WWV and WWVH Breadcast Services

Standard Radio Frequencies. WWV and WWWVH transmit frequencies and time coordinated through the Bureau
Inlernational de I'Heure (BIH), Paris, France. Transmissions are based upon the International time scale,
Universal Coordinated Time (UTC).

WWYV broadcasts continuously on radio carrier frequencies of 2.5, 5, 10, 15, 20, and 25 MHz. WwWVH
broadcasts continuously on radio carrier frequancies of 2.5, 5, 10, 15 and 20 MHz.

The broadcasts of WWV may also be heard via telephone by dialing {(303) 499-7111, Boulder, Colorado.

Standard Audia Frequencies. Standard audio frequencies of 440 Hz, 500 Hz, and 600 Hz are broadcast on each
radic carrier frequency by the two stations. Duration of each Wransmitted standard tone is approximately 45
seconds, A 800-Hz tone is broadeast during odd minutes by WWV and during even minutes by WwWWVH, A 500-Hz
tone is broadcast during alternate minutes unlass veice announcements or silent periods are scheduted. The
440-Hz tone is broadcast beginning one minute atter the hour at WWWVH and two minutes after the hour at WWV.
The 440-Hz tone period is omitted during the first hour of the UTC day.

Standard Musical Piteh, The 440-Hz tone is broadcast for approximaiely 45 seconds beginning 1 minute after
the hour at WWVH and 2 minutes atter the hour at WWV. The tone is omitted during the zero hour of each UTC
day.

Standard Time Intervals. Seconds puises at precise intervals are derived from the same frequency standard
that controls the radio carrier frequencies. Every minute, except the first of the hour, begins with a B00-millisecond
tone of 1,000 Hz at WWV and 1,200 Hz at WWVH. The first minute of every hour begins with an 800-millisecond
tone of 1,500 Hz at both stations.

The 1-second markers are transmitted throughout all programs of WWV and WWVH except that the 29th of
the 59th markers of each minute are omitted.

Time Signats. The time announcements of WWV and WWVH reference the Coordinatad Universal Time Scale
maintained by the National Bureau of Standards, UTC{NBS).

The 0 to 24 hour system is used starting with 0000 for midnight at the Greenwich Meridian {[ongitude zero).
The first two figures give the hour, and the last two figures give the number of minutes past the hourwhen the tone
returns,

At WWV a voice announcement of Greenwich Mean Time is given during the 7.5 seconds immedialely
preceding the minute.

At WWVH a voice announcement of Greenwich Mean Time occurs during the period 15 seconds to 7.5
seconds preceding the minute. The voice announcement for WWVH precedes that of WWV by 7.5 seconds
However, the tone markers referred to in both announcements occur simultanecusly.

Propagation Forecasts. A forecast of radio propagation conditions is broadeast in voice from WWV at 14
minutes after every hour. The announce menls are short-term forecasts and refer to propagalion zlong paths in the
North Atlantic area, such as Washington, D.C. to Landon or New York to Berlin,

The propagation forecast announcements are repeated in synoptic form comprised of a phonelic and a
numeral. The phonetic {Whiskey, Uniform, or November) identifies the radio quality at the time the forecast is
made. The numeral indicates on ascale of 1 to 3 the radio propagation quality expected during the six-hour period
after the forecast is issued. The meaning of the phonetics and numerals are:

Phonetic Meaning
Whiskay disturbed
Uniform unsetiled
November normal
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WWV Broadcast Format

LOCATION
A0°A049.07N; 105°00°27.0W
o E. COUNTY ROAD 98
FOAT COLLING, COLRRADD 80521

STANDARD EROADCAST FREQUENCIES
AND RADIATED POWER

25 MHz — 25 kW 15 MHz — 10 KW
5 MHz = 10 kW 2O MHz = 2.6 kW
10 Mz — 10 kW 25 MHz - 2.5 kW

UT1 CORRECTIONS

FOR ADBITIONAL INFDRMATION CONTALT
U5 DEPARTMENT OF COMMERCE
MATIONAL BUREAL OF STANDARDS
FREQUENCY-TIME
BAQADCAST SERVICES SECTIDN
o BOULDER, COLDRADD 80302

D

/I/ -‘-‘nn 1“‘

AT
MESSAGES

Iy
30

Vi TELEPHONE: {A08) 3354214
{NOT A TOLL-FAREE NUMBER)
440 Hz 1-HOUR MARK

NBS RESERVED

STORM
INFORMATION

LOEATION
IR RN 1G0T W
P.D. BOX 417
KEEAHA, KA UL HAWAI 95152

STANDAND BAOADCAST FREAUERCIES

GEQ AN AAHATED FOWER
ALERTS 25MHI- SWW 10 MH:- 10K
EOMHI— 106 15 Mz - 10 R

2l Mz — 2.5 kW
UT 1 CORARECTIONS

FORADMTIONAL INFORMATION CONTALT
WS GEPAATMENT OF COMMERGE
HATIONAL BUREAL OF STANOARDE
FRECQUENCY-TIME
BROADCAST SERVICES BECTION
BOULDER, COLORADD 30307

SSAGES

STORM

INFORMATION

2 UiC NDICE

E o0 ANNOUNCERENT
PROPAGATION é il
FORECASTS 2

i
525
&g

GED ALEATS

# BEGINNING UF EACH HOUR IS 1DENTIFIED BY
Q.B8SECOND LDNG, 1500-Hz TOKRE.

® BEGINNING DF EACH MINUTE |5 IDENTIFIED BY
0.8.5ECOND LONG, 1000-Ha TONE,

® THE 20th & 59th SECOND FULSE OF EACH MINUTE
|§ QMITTED.

o

LV HE L]

» PEGINNINE OF EACH HOLUR IS IGENTIFED BY
D.B-5ECOND LONG, 1500-Hz TOKE.

w DEGIRNING OF EACH MINUYE |5 IDENTIFIED BY
0.8-SECOND LONG, 1200 He TONE,

» THE 28th & 5%th SECOND FULSE OF EACH MINUTE
IS OMITTED.
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MICROPHONE QUTPUT NOMOGRAM

This nomogram determines the oculput voltages for various microphone ratings and relates this cutput to actual
sound pressure levels.

Two methods of specifying microphone levels are in general use. Acoustic input and electrical output are
specified so that the microphone can be considered as a generalor, wilh sound pressure input and voltage or
power output.

For low-impedance microphones, output is given in decibels referenced to 1 mW for 10 dynes/em?® sound
pressure. For high-impedance microphones, output is given in decibels referenced to 1 V for 1 dynsjcm? sound
pressure. (In both, output is into a resistive load equal to the impedance of the microphane.}

This namogram is prepared for microphone preamplifiers with low input impedances matched to the
microphone impedance, {Open-circuit voltage is 6 dB higher than the namogram value.) Connecting the mi-
crophone impedance and the decibel rating solves for the voltage across a matched load for the standard 10
dynes/cm? sound pressure field. By referring to the absalute sound pressure vs decibel scale, any other sound
pressure level can be found and the decibel difference (with respect to 10 dynes/cm?) can be determined, and
adjustrments can be made in the output voltage by adding or subtracting decibeis.

For high-impedance microphones, the nomagram is used in the same way, except that the impedance is
always considered as 40,000 ohms, and the reading will be thatfor a 10 dynes fem? field. These microphanes are
usually operated into a very high impedance cireuit, hence 6 dB must be added to the output voltage, (Use of this
method results in an error of approximately 2 dB.)
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RF PENETRATION (SKIN RESISTANCE) OF VARIOUS MATERIALS -

At very high frequencies current travels close to the outer surface of the conducter and eddy current losses
increase beneath the surface. This effect is called "skin resistance™ or “rf resistance.” This chart shows the
minimum required conductor depth related with Irequency. The depth varies with the resistivity of the material
and ig least for sitver. Therefore, a silver plaling is frequently applied to conductors that are used at high
frequencles so as to reduce the skin resistance.

FOR EXAMPLE: At 200 MHz a minimum thickness of 0.81 mils of cadmium is required, whereas anly 0.18
mils of silver are needed at the same frequency.
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RESISTANCE-VDLTAGE-CURRENT-POWER NOCMOGRAM

This nomogram is based on Chm's law, and one straight line will determine two unknown parameters if iwo others
are given, Preferred (+=20%) resistance valuss are marked in addition to the ordinary resistance scale divisions.
The power scale is calibrated in waits and dBm with a reference level of 3 dBm = 1 mW into 600 ohms. This, direct
conversion between dBm and watts can be made. To cover awide range of values and yet maintain accuracy, a
dual numbering system is used. To avoid confusion, all members should be read from either the regutar or the
gray-barred scales.

FOR EXAMPLE:

1. The current through a 150-k resistor with a polential drop of 300 V Is 2 mA, and the power dissipatedis
600 mW or 0.6 W.

2. When a 12,000-ohm resistor has a current of € mA through it, the power dissipated is 0.43 W and the
voltage across the resistor is 72 V.

3. The vollage across a 4.7 M ohm resistor with a signal level of —-30 dBm is about 2,15 V rms.

4. The maxirnum aflowable current through a 10 W 200-chm resistor is 0.22 A, Under these operating

conditions there will be 45 V across the resistor.

RESISTAHCE
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PASSIVE LC FILTER DESIGN

Previous editions of the Electronic Databook used nomograms to determine the component values of image
parameter lowpass and highpass filters. This edition provides computer-calculated tabulations of modern filter
designs that are based on network synthesis. These modern designs are more versatile, less complicated and
easier to build than the old image parameter designs. For example, to simplify construction, the tabulated modermn
filter designs require fewer components than comparable image parameter designs, and all {or most) of the
capacitor values of the modem filter designs are standard values.

Most filtering applications do not require a precisely defined eutoff frequency, and as long as the actual cutoff
frequency is within about five percent ofthe desired cutoff frequency, and the passband and stopband attenuation
levels are satisfactory, the design will be acceptable. Of almost equal impartance is finding a design that has the
minimum number of components and that requires standard-value capacitors to simplify the ordering of pars and
the assembly of the filter. Standard values for the inductors is less important becalise the inductors are usually
hand-wound or ordered to specification from inductor manufacturers.

Each filter table provides many designs over one frequency decade in which the change in cutoff frequency
from one design to the next is sufficiently small so that virually any cutoff requirement can be satisfied within a few
percent. The 50-ohm impedance level for source and load was used for mast of the tabulations because this
impedance termination is most frequently needed by the efectronics engineer. Ali component values and
frequencies versus selected stopband aftenuation levels have been computer-calculateg foreach design for the
convenience of the user. Although the tabulated designs are only for the equally terminated condition at the listed
impedance level and frequency decade, a simple scaling procedure allows the tables to be scaled to any equafly
terminated impedance level and any frequency decade, while keeping the imporlant advantage of all designs
requiring only standard-value capacitors, These pre-calculated fitter tables are therefore universally applicable
because they can be usedto select a suitable design having standard-value capacitors for any impedance level
or any cutofl frequency.

Only the passive LC filter was considered fortabulation because this filter type is capable of passing rf power,
whereas the active filter is not. Also, the passive filter does not require a power supply, and it usually is easier to
assemble in small quantities than the active filter.

Filter Types and Responses

Only the lowpass and highpass filter types having the Chebyshev or elliptic atienuation responses are considered,
For design information on other filter types (bandpass, bandstop, efc.), and respanses (Butterworlh, Bessel, efc.),
see References 13-18. Only the 5th- and 71h-degree Chebyshev designs (5 and 7 elements each, respeciively)
and the 5th-degree elliptic design are included inthe tables because these designs are suitable foraimost allof the
non-stringent filtering requirements encountered by the non-professional filter designer.

The Chebyshev attenuation response is characterized by attenuation ripples in the passband and a con-
stantly (monotonic) increasing attenuation in the stopband. The level of maximum passband ripple (Ap) is directly
related to the filter reflection coefficient (RC) and VSWR (see Appendix A), and these parameters can be
increased or decreased to get a corresponding increase or decrease in the rate of attenuation rise in the filter
stopband in the vicinity of the filter cutoff frequency.

The eliiptic attenuation response is characterized by attenuation ripple in the passband, attenuation peaks in
the stopband, and a specific level of minimum stopband atlenuation. The presence of the two resonant circuits in
the elliptic filter configuration results in a more abrupt rise in attenuation than is possible with the Chebyshev

configuration.

The computer programming required for the Chebyshev and elliptic filter design tabulations was prepared by Mike Barge
under the direction of Ed Wetherhold. The tables are made available for publication through the courtesy of the Signal Anatysis
Center of Honeywell tnc., Annapolis, MD.
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Filter Tables

Lowpass and highpass filter designs are listed in ten tables, with eight tables based on a 50 chm impedance level,
and two tables (5B and 8B) based on 600 ohms. The schematic diagram and a typical attenuation response of
each tabulated filter appears at the head of each table, except Tables 5B and 8B, whers the only difference is the
impedance level. The component designations in the schematic diagram and the frequency designations (F_, F3,
F20 and F50}in the attenuation response diagram correspond to similar designations in the table column headings.

Allhough there is passband ripple in all these designs, the amplitude of the ripple is so small that it is usually
swamped cut by the losses of the filter componenls. Consequently, when the completed design is measured, the
passband response appears to be flat. For this reason, the passband in the response diagrams is shown flat.

The filter reflection coslficient (RC) provides an indication of the flatness of the passband and the VSWR of
the filter. For H filtering applications where low VSWR is desired, designs with low reflection coefficients are
preferred. For audio filtering applications, where a faster rise of attenuation is more important than minimizing
VSWR, designs having high RC values are preferred.

Lawpass Filters

Chebyshev Designs and Applications. Tables 1 through 4 list 5- and 7-element Chebyshev lowpass designs. Use the
5-element designs when about 30 dB ol attenuation is needed at one octave above the cutoff frequency, and the
filter component count must be minimized. Use the 7-element designs when about 42 dB of attenuation is needed
at one oclave above the culoff frequency. A typical application for these filters is to reduce the harmonic output of
transistor amplifiers. Normally, the capacitive input/oulput configurations shown in Figures 1 and 3 are preferred
to the alternative induclive input/output configuralions in Figures 2 and 4 to minirnize the number of inductors,
Inductors are usually more bulky, more expensive and have higher losses than capacitors, Both fliter types have
identical attenuation responses, but the filter input impedances in the stapbands are markedly different. For the
inductlve input filter, the inpul impedance slars increasing belwaen the 3 and 15-dB attenuation level, and
continues increasing with increasing stopband frequency. The reverse is true for the capacitive Input fliter. Under
certain conditions, transistor f amplifiers may become unstable when looking into a decreasing or increasing
reactive impedance (see Bibliography, Nos. 8 & 15). Because of this, it is necessary that the rf filter designer be
able to design lowpass filters having either capacitive or induclive input elements.

Elfiptic Designs and Applications. Tables 54 and 5B list Sth-degree efliptic lowpass designs for 50 and 800 shms,
respectively. This type of filler is preferred where @ more abrupt rise in attenuation is desired. This type is also
useful because the atlenuation peaks at F4 and F2 somelimes can be placed at the second and third harmonic
frequencies of a constant-frequency rl amplifier to provide more than 60 dB attenuation to the harmonics.

In this filter type, only capacitors C1, C3 and C5 are slandard value. The fact that G2 and G4 are not standard
values is not important because these capacitors should be tuned 1o precisely resonate L2 and L4 at F2 and F4.
This is necessary if the minimum stopband attenuation level (A )is to be achieved throughout the entire stopband.
A slight variation in the values of C2, L2 and C4, L4 is not important as long as the F2 and F4 frequencies are as
close as possible to the tabulated frequencies.

Table 5B is provided for audio filtering applications where this impedance levei is very common. This table
also serves to provide 600-ohm designs Lhat can be used to confirm the correctness of the impedance scaling
procedure to be explained later.

Highpass Filters

Chebyshev Designs and Applications. Tables 6 and 7 list 5- and 7-element Chebyshev highpass filter designs, but
unlike the lowpass designs only the capacitive input/output configurationis considered. Thisis bacause they are
very few applications for the alternate L-inputfoutput configuration. The C-input/output configuration has the
imporiant advantage of increasing input impedance with decreasing frequency. This configuration is thersfore
suitable as an isolation nelwork between a signal source and a detection system being used to examine the
harmonics of the signal source fundamental. The highpassfilter passes the harmonic frequencies unattenuated,
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but provides consideratle altenuation to the fundamental signal. Also, the high input impedance of the filter will
not cause excessive 0ading of lhe generator. This is not true for the alternate inductive inpul filter.

Elliptic Designs and Applications. Tables 8A and 8B list the 5th-degree elliptic highpass designs lor 50 and
600 chms, respectively. This type filler is preferred where a more abrupt increase in attenuation is desired as
compared {o the Chebyshev filler. The comments concemning the elliptic lowpass design relative 1o C1, C3 and
C& being standard values and the importance of tuning C2 and C4 to F2 and F4 are aqually applicable here. The
concluding comments about the elliptic 600-ohm lowpass filter are equailly applicable to the highpass filter.

How to Use the Precalculated Design Tables

For 50-0hm Impedance Levels. Before selecting a suitable filter design, the reader must know or be able to specity
the Imporntant parameters of the filter, such as type (highpass or lowpass), culofl frequency, impedance level, and
an approximation of the required stopband attenuation. It is cbvious as to which tables 10 use for lowpass or
highpass applications, bul it is not so obvicus as to which one design of the many possible choices is oplimum for
the intended application. Generally, lhe Chebyshev is preferred over the slliptic because ihe Chebyshev does not
require tuning of the induclors; however, if the gradual rise in attenuation of the Chebyshev is nol satislactory, then
the elliptic should be considered. For audic frequency fittering, the elliptic designs with high values of RC are
preferred because they have a much more abrupt rise in attenuation as compared to the Chebyshev. For rf
applications, RC values less than 8% are recommended to minimize VSWR. l.ow VSWH is also imporiant when
cascading high and lowpass designs lo achieve a bandpass response of mors than iwo octaves wide. Each filter
will operate as expected if it is correctly terminated, but this condition will exist only if boih designs have lhe
relatively constant terminal impedance that is associated with low values of RC.

Knowing ibe filter type and the response needed, the table of designs most appropriate for the application is
selected on a trial basis, Find the table and search the cutofl frequency colurnn for a culofl frequency nearest the
deslred cutoH frequency. After finding a possible design, examine the stopband attenuation levels 1o see if they
are salisfaciory. Then check the RC value to see if it is appropriate for the application. Finally, check lhe
component values 16 see if they are convenient. Usually, it Is easler to obtain capacitors with the ten-percent
tolerance than the five-percent value, For example, in the audio frequency range, the capacitor values will
probably be in the microfarad range, and capacitors in this size are available only in ihe ten-percent tolerance
group.

Because all the imponanl parameters of each design are listed, It Is possible to quickly check many designs
so the most suitable design can be selected. After the final choice has been made, interconnect the components in
accordance with the schematic diagram above the table headings. Use good engingering practices in assembling
the fiiter components as explained In listing number 12 of the bibliography.

For Impedznce Levels Other Than 50 Ohims. All tabulated designs are easily scaled 1o impedance levels other
than B0 ohms while maintaining the advantage of slandard-value capacitors. If the impedance level differs from
fitty ohms by a facior equal lo anintegral power of ten (such as .01, .1, 10 or 100}, the design tables can be scaled
by inspaction (by shifting the decimal points of the component values). The tabulated frequency, A, and RC values
remain unchanged. For example, if the 50-ohm impedance level is raised by a factor of 1en to 500 ohms, the new
gapacilance and inductance values are found by multiplying the tabulated inductance values by tlen, and by
dividing the capacitor values by len. This means that the decimal points of the inductor values are shifted one
place to the right, and the decimal points of the capacitor values are shified one place to the left. The reverseistrue
if the impedance levelis reduced from 50 to 5 ohms. For example, the Impedance level of Design #1, Table 1, can
be increased to 500 ohms by shifting the decimal points of L2 and L4 one place to the right (to become 107.3 pH),
and by shifting the decimal points of the capacitance values one place to the lefi (to become 300 pF and 560 pF).

To change the tabulated frequency decades to another frequency decade differing by a factor equal 1o an
integral power of ten, muilipty all tabulaled frequencies by the factor, and divide all capacitance and inductance
values by the same factor. For example, the frequency decade of Table 1 can be reduced from 1-10 MHz 10 1-10
kHz by multiplying all frequencies by .001 {the frequancy units in the column headings become kHz), and by
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dividing the capacitance and inductance values by the same factor. (The units of capacitance and inductance
become nanofarads and millihenries,)

Filter designs wilh standard-value capacitors may be found forimpedance levels thal dilfer from S0 ohms by a
factor equal to a non-integral power of ten {such as 1.2, 12, etc.}. To do this, use the following procedure:

1. Calculate the scaled impedance factor, R = ZKISO where Z‘ i5 the desired new impedance levelin ohms.
2. Calculate the cutoH trequency of a "trial” 50-ohm filter using the equation: F_ = R-F_ where F,

is the desired cutoH Irequency of the filter at the new impedance level, had ® ce
3. From the 50-ohm tables, select a design having its cutoff frequency closest to the calculated F,, value.

oo
The tabulated capacilor values will be used directly, and the frequencies and inductance values will be scaled.

4. Calculate the exactvaluesof F =F'_ /R, where F'_, Isihe tabulated cutoff frequency. In a similar
<] (] o0

manner, calculate ail the other frequencies.
5, Calculale the new inductance values for the new filter from '-; = RQ'L_,,D. where L_ is the tabulated
inductance value of the trial filter design, and L_is the Inductance value of the scaled lilter.

An example follows showing how the 50-ohm design #3 of Table 5A can be replaced with a 60-ohm design
having a similar cutoff frequency and other similar characteristics. Using the same previously numbered steps:

1. R=60/50 =12
2. Fy, =1.2(1.08 MHz) = 1.272 MHz

-4

3. From Table 5A, design #15 has a culoff fraquency closest to the calculated Fy, value.TheA and RC

0
values are similar to design #3. Design #28 is also sultable as a replacement, The tabulated capacitor values of

design #15 are copied direclly. Thus, C1, 3, 5, 2 and 4 = 2,200, 3,900, 1,800, 271 and 779 pF, respectively.
4. The exactvaluesof F_ , F, andF, are calculated, and are equal to: 1,27 MHz/1.2 = 1.058 MHz, 1.45

o 3 1

MHz/1.2 = 1,208 MHz and 2.17 MHz /1.2 = 1.808 MHz.

5. The L2 and L4 induclance values of the 60 ghm filter ara calculated: L2 =(1.2)%7.85 uH = 1.3 uH,
L4 =1 226,39 uH = H = 9.20 uH. The validity of the scaling pracedure can be confirmed by scaling the new
60-ohm filter 1o an impedance level of 600 ohms, and scaling the frequency from 1 MHz o 1 kHz, and then
comparing the 600-ohm, 1 kHz filter with design #5 of Table 5B. All parameters of the designs will be identical,
thus confirming the correctness of the scaling procedure,

The validity of the pre-calculated tables may be confirmed by independently caleulating the component
values using previously published normalized tables from authoritative sources such as References 8-10 and 13.
This is done by finding a labulated pre-calculated design that has a reflection coeficient nearly identicalto thatof a
published normalized design. For example, design #80, Table 3 is suitable to match a 10% RC Chebyshev
design. The pre-calculaled impedance level and the cutoff lrequency are then used with the normalized values,
ang the inductance and capacilance component values are calculated in the usual manner, Because the
pre-calculated tabulaled values agree within lass than 1% vartation with the independently calculated values, the
cotrectness of the tables is confirmed.

APPENDIX A

Equations and Table Relating RC, Ap and YSWR for all Modern Design Filters

RC,,, = 100+SQR [1 ~ (0.11x)|

where 100«SQR = 100 limes the square rootof , .. {1)
X =01 (A)
1 = symbol for exponentiation
« = symbol for muttiplication
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COMB-FILTER DESIGN

Comb filters consist of a chain of narrow-band filters which pass spectral lines over the frequency spectrumof the
signal. They pase discrete frequency components and discriminale against noise. Such filters are used to
separate a composite Inpul signal into a number of channels before data processing in telemetry systems and
radar. The spacing between channels may be expressed as a frequency ratio which depends on the number of
channels needed to coverane octave, or “n." Thus f /f_= 2" where ! isthe reference, fis the unknown frequency
of the adjacent channel, and n1is any positive or negative real number. For n = *1, fequals 2f_and Y%f . These
values are the center frequencies of channels, one oclave away from the reference frequency.

The nomogram solves for positive or negative fractional values of i The frequency scales, £, and f, are
normalized $o that the nomogram can be used for any frequency by shifting the decima! point. The ratioscale, 7,
has a decimal range as well as fractional values.

To use the nomogram, place a straight-edgs from the octave fraction or decimal on the n scale to the
reference frequency on the f_ scale. Read the center frequency of the next channel on the f scale. Hold the
r-scale value as a pivol peint and shift the straight-edge to the same frequency on the f_ secale as the first answer.
Read the next bandpass center frequency on the f scale. Continue the process until all center fraquencies are
obtained, For negative rivalues, divide the relerence frequency by two to obtain the lower octave. After this slep,
proceed as for a positive 1 value.

FOR EXAMPLE: Calculate the center frequencies for 1/3 octave lilters, starting at 100 Hz (seeillustration).

Setthe straight-edge from 1/3 or 0.33 on the 1 scale to the one (for 100 Hz) on the f scale and read 1.26 on
the fscale; the center frequency of the next channel bandpass filter is 126 Hz, Pivot at 1 13 on the nscale and
shift the straightedge to 126 on the f_scale. Read 160 Hz onthe fscale. When 1,260 Hz on the fscale and 1,000
Hz on {_is reached, shift back to the lower portion of the £ scale and continue.
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Mg static forward current transfer ratio {common base}

f small-signal short-circuit forward current transfer ratic (common base)
hec statie forward current transfer ratio {commaon collector}

Mie small-signal short-cireuit forward current ransfer ratio {comman collector)
e static forward current transfer ratio [common emitter}

[T small-signat shart-circuit forward current transfer ratio {common emitier}
ha static input resistance (common base}

M small-signal short-circuit input impedance {common base)

Hie static input resistance (common collector)

Hic small-signal short-circuit input impedance (common collector)

Mg statlic input resistance {common emircter)

Hia small-signal short-circuit input impedance [common emitter}

Pow smmall-signal open-circuit output admittance {common base)

Hoe small-signal open-circuit outputl admittance {common coltector)

Hea small-signal open-circuit output admittance {commaon emitter)

Bey semall-signal open-circuit reverse voltage transfer ratio lcommon base}
he small-signal open-circuit reverse voltage transfer ratio {commaon collector}
Mo small-signal open-circuit revarse voltage transfer ratio {cormmon emitter)
/g base current, de

I base current, rms value of alternating component

fa base current, instantaneous total value

le collector current, de

/e collector current, rms value of alternating component

i collector current, instantaneous total value

Icea collector cutoff current, de, emitter open

Iceo collector cutoHf current, de, base open

legn collector cutaft current, de, with specified resistance between base and emitler
fepy collector cutaff current, de, with specified voltage between base and emitter
leEx collector current, de, with specified circult between base and emitter
legs collector cutoft current, dc, with base short circuited to emitter

Ipss drain current, dc, with gate shorted to emitter

/e emitter current, dc -

e emitter current, rms value of alternating component

e emittar cutof! current {de), collector open

Pue power input (de) to the base {common emitter)

Pge power input {instantaneous total} to 1he base {common emitier)

Fea power input {dc) to the collector {eommon base)

Fce power inpul {instantaneous total) to the cellectar {common basel

Pre power input (de) 1o the collector {common emitter)

Pece power input {instantaneous total} to the collector {common emitter)
Pea power input {de} te the emitter {comman base)

PEB power input {instantaneous total) 10 the emitrer {common base)

P large-signal input power {common base)

Dib smazll-signal input power {commaon basa)

Py large-signal input power {common collector}

Pic smali-signal input power (common collector)

P large-signal input power (common emitter)

Hig small-signal input power {common emitter)

Pog large-signal output power {common base}

Pob small-signal output power {common base)

Fac large-signal output power {comman collector}

Pac small-signal output power [common collector}

Pag targe-signal output power {common emitter)



Poe small-signal output power (common emitter}

P total nonreactive power input {dc) to all terminals

aor nonreactive power input {instantanecus total} {0 all terminals
fg external base resistance

Re external collector resistance

reeday  collector-to-emitter saturation resisiance

Rg external emitter resistance

feih,,}  real part of the small-signal shart-circuit input impedance [common emitter!

Vipricpo breakdown voltage, collector-to-base, emitter open

Visricee breakdown voltage, collector-to-emitter, base open

Vigricen breakdown voltage, collector-to-emitter, with specified resistance between base and
emitter

VisRicEs breakdown woltage, collector-10-emittar, with base short-circuited to emitter

Viepicex breakdown valtage, colisctor-to-emitter, with specified circuit between base and emitter

Visalogo breakdown voltage, drain-to-gate, source open

Viemieso Dbreakdown voltage, emitter-to-base, collectar open

Vigesan  breakdown voliage, reverse

Ves base supply voltage

Vac base-to-collector voltage, de

Vie base-ta-collector voltage, rms value of alternating compgonent
Vhe base-to-collectar voltage, instantangous value of ac compaonent
Vee base-ta-emitter voltage, de

Vie base-to-emitier voltage, rms value of alternating component
Vou base-to-emitter voltage, instantanesus vatue af ac component
Ver collector-to-base voltage, de

Veo collector-to-base voltage, rms vatue of alternating companent
Vo collector-to-base voltage, instanianeous value of ac component

Veaun dc apenrcircuit valtage (floafing potential} between the collector and base, with the
emitter biased with respect to the base

Vee collector supply voltage, de
Vee collector-ta-emitter voltage, de
Ve tollector-to-emitter voitage, rms value of alternating companent

Vea collecior-to-emitter voltage, instantaneous value of ac component
Ve dc open-circuit voltage [floating polential] between the coliector and emitter, with the
base biased with respect to the emitter

Vceo collector-to-emitter voitage, de, with base open

Veeoiay collector-to-emitter {breakdown) sustaining voltage with base open

VeeR collector-ta-emitter valtage, de with specified resistor between base emitter

Veemiwp collector-ta-emitter {breakdown} sustaining voltage with specified resistor hetween base
and emitter

Vees colleclor-to-emitter voitage, de with base shart circuited to emitter

Veeswen coliector-to-eminter {breakdown) sustaining voltage with base short-circuited to emitter

Veex collector-to-emitter voltage, de with specified circuit between base and emitter

Veexiaws Collector-to-emitter (breakdown) sustaining voltage with specified circuit between bate
and emitter

Vegmy  tollector-to-emitter saturation vattage, de

Ven emitter-to-base voltage, do

Veayy  Oc opencircuit vollage {floating potentiall between the emitter and base, with the
collector bizsed with respect to the base

Vo smitter-to-base voltage, rms value of alternating compenent
Ven emitter-to-base valtage, Instantaneous vaiue of 8¢ component
Vec amitter-to-coliector voltage, dc
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GLOSSARY OF OPERATIONAL AMPLIFIER TERMS

Common-mode gain Ratio of output voltage over input voltage applied to {+) and (—) terminal in parallel.
Comman-mode rejectian ratio {CMRR) Ratio of an op amp’s open-loop gain to its common-mode gain.
Ditferential-input voltage range Range ol vollages that may be applied betwsen input terminals withou! forcing
the op amp to operate oulside its specifications.

Differential Input mpedance (Z ditf)  impedance measured between {+) and (-) input terminals,

Drift, input valtage Changs in output voltage divided by open-lcop gain, as a function of temperature or time,
Input voltage offset Do potential required at the differential input to produce an output voltage of zero.
input bias current Input current required by (+) and {—} inputs for narmal operation.

Input offset current Difference between (+) and {-) input bias currents.

Offset Measure of unbalance between halves of a symmetrical circuit,

Open-lgop bandwidth Without feedback, frequency al which amplifier gain falls 3 dB below its low-frequency
value.

Open-laop voltage gain (A ) Ditterential gain of an op amp with no external feedback.

Slew rate Maximum rate at which output voltage can change with time; usually given in volls per microsecond.
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DEFINITIDNS OF INTEGRATED CIRCUITS, LOGIC, AND MICROELECTRONICS TERMS

Abrading equipment | This type of equipment fires a gas propelled siream of finsly graded abrasive particles through a
precise nozzle against the work surlace. When linked to abrading equipment, it can cut intricate patterns in silicon
semiconductors. ’

Abrasive trimming Trimming a film resislor to its nominal value by natching the resistor surface with a fine adjusted stream
of abrasive material such as aluminum oxide.

Actess time Time required in a computer to move Miormation from memory to the computing mechanism,

Activating A treatment which renders nonconductive material receptive to electroless deposition.

Active elemants Those components in a circuit which have gain or which direct currenl flow: diodes, transistors, SCR's,
ete,

Active substrate A substrate for an integrated component in which parts display lransistance. Example s are single crystals
of semiconductor materials, within which transistors and diodes are formed.,

A.D. cenverier Analog-to-digital converter; a circult which accepts information in a continuously varying ac ar de current or
voltage and whose output is the same Information n digital form,

Adder  Switching circuits which combing binary bits to generate the SUM and CARRY of these bits. Takes lhe bils from the
two binary numbers to be added (ADDEND and AUGEND) plus the CARRY from the preceding less significant bit and
generales the SUM and the CARMRY.

Address Noun: a location, either nama or number, where informationis stored in a computer. Verb: to select or pick out the
location of a stored information set for access.

Afloy junction A Junction produced by alloying one ar more impurity metals to a semiconductor, A small bulion of impurity
malalis placed al each desired location ¢n the semiconductor wafer, heated above its melting point, and cooled. The impurity
metal alloys with the semiconductor materal to form a p or 1 region, depending on the impurlty used.

Altemmate print  In scrgen printing, one squeeqee print stroke per substrate in alternate directions,

Alumina  Aluminum oxide (A1 203} used as a ceramic substrate material,

Align To pul inke proper relalive position, agreemeni, or coordination when placing parts of a photomask together or
placing a photomask over an etched pattem in the oxide on a sericonductor wafer,

Alignment The accuracy of coordination or refalive position of images on a semiconductor oxlde coating and on the
photomask, or any other images placed in relation o those,

"AND" A boolean logic expression used to idenlity the logic operation wherein given twa or more variables, all must be
logical “1" far the rasult to be logical “1.” The AND function is graphically represeniad by the dot (*) symbol.

Angle of attack tn scresn printing, angle at which the squeegee blade attacks the screen surface.

Anticipated carry adder A paralle] ADDER in which each stage is capable of looking back at all ADDEND and AUGEND bits
of less significant stages and deciding whether the less significan! bits provide a"0" ora 1" CARAY IN. Having determined the
CARRY IN It combines il with its own ADDEND and AUGEND 1o give the SUM lor that bit or stage. Alsocalled FAST ADDER or
look ahead CARRY ADDER.

Arrays Integrated circuils designed to perform near or actual subsyslem operations. They are characterized by high
complexity and component density. Each array package replaces a number of conventional 1 /Cs, Arrays are classified as
medium-scale or larger-seale according to function performed. They can be monolithic or fabricated on a silicon wafer with
interconnections between circuits.

Artwotk  The original patiern or configuration produced at an enlarged ratio, fram which a circuit product is made, using a
tachnique of photographic reduction to achieve microelectric scals; layouts and photographic fitms created 1o produce thick
film screens and thin film masks.

As-fired Description of properties of caramic substrates (smeothness) or thick film resistors (values) as they emerge Irom
furnace processing, before any trimming or polishing.

Asynchronous inputs Those terminals in a flip-flop which can affect the output state of the flip-flop independent of the clock.
Called Set, Presel, Reset or DC Set and Aesal, or clear.

Backbonding  Bonding active chips to the substrate using the back of the ¢hip, leaving the face with its circuitry face up. The
opposite s face down bonding.

Backfill Filling an evacuated hybrid circuit package with dry inert gas prior to hermetric sealing of the package.
Bake-out Elevated lemperature process which evaporates unwanted gases and moisture before final sealing of a hybrid
cireuit package.

Ball bond Type ol thermacompression bond wherein a ball shaped end interconnect wire is flattened against a metallized
pad.

Basic logic diagram A logic diagram lhat depicis logic funclions with no reference to physical implementations, it conststs
primarily of logic symbols and is used lo depict all logic relationships as simply and understandably as possible, Nanloglc
functions are not normally shown.

Beam [eads A generic term describing a system in which flat, metallic leads extend beyond the edges of a ¢chip companant,
mugch the sama as wooden beams extend from a root overhang. These are used (o interconnec! the component to film circuitry,
Beryllia Beryliium oxide ceramics (BeQ) significant in that they have high thermal conductivily characterislics.

Binders Substances added to unfired substrates and thick film compounds to add strength.

192



Binary coded decimal (BCD) A hinary numbering systemn for coding decimail numbers in groups of 4 bits. The binary value of

these 4-bit groups ranges from 0000 to 1001 and codes lhe decimal digits “0" through 9. To count to 9 takes 4 bits; tocount lo

99 takes two groups of 4 bils; to count to 999 takes three groups of 4 bits,

Binary logic Digital logic elements which operate with two distinct states, The two states are variously called true and false,

high and low, on and off, or*1" and “0.” In computers they are represented by two dilferent voltage levels. The level which is

more positive {or less negative) than the olher is called the high level, the other the low level. If the true {17} level is the most

positlve voltage, such logic is referred to as positive true or positive logic.

Bistable element Another name for flip-flop. A circuit in which the output has two stable slales {output levels "0" or “1"} and

can be caused o go to elther of these states by input signals, but remains in that state permanantly after the input signals are

removed. This differentiates the bistable element from a gate also having two output states but which requires the retention of

the input signals to stay in agiven state. The characteristic of two stable states also differentiates it from a monostable element

which keeps raturning to a specific state, and an astable element which keeps changing from one state to the other.

Bit A synonym for binary numeral. Also refers to a single binary numeral in a binary word.

Bleeding In photomasking, poor edge definition or acuity caused by spread of image onto adjacen! areas.

Blister A lump or raised section of a conductor or resistor caused by out-gassing of the binder or vehigle during liring.

Baat A container for malenials to be evaporaled or fired.

Bond iifteff  The failure mode whereby the bonded lead separates from the surface to which it was bonded.

Band-to-bond distance The dislance measured from the bonding site on the dia to the bond impression on the post,

substrate land, or fingers which musl be bridged by a bonding wire or ribbon.

Bond-to-chip distance In beam lead bonding, the distance from the heel of the bond fo the component.

Bonding pad A metallized area at the end of a thin metallic strip or on a semiconductor to which a connection is made. Also

called Bonding Island.

Bonding ribbon and tape Bonding ribbon and tape are used in the manufacture of high-volume |Cs such as memory devices

and consumer products, Wire conneclions between | /O pads on the circuit die and the lead frame are replaced by a piece of

tape with finely etched fingess that are patlerned o fit exactly onto the pads.

Bending wire Fine gold or aluminum wire lor making electrical conneclicns in hybrid circuits belween various bonding pads

on the semiconductor device substrate and device terminals or substrate lands.

Basolean algebra The mathematics of logic which uses alphabetic symbols to represent logical variables and "1” and "0" 1o

represent statas. There ars three basic logic oparations in this algebra: AND, OR, and NOT. (Alsc see NAND, NOR, Invert

which are combinations of the three basic operations.}

Bubble memories In general, magnelic bubble memoty systems conslist of a flilm deposited on a gamel subslirale. Datais

storad in magnetic domains {bubbles) which zra farmed on the film by the application of a perpendicular magnetic field.

Buffer A circuit element, which is used to isolate between stages or handis a large fanoul or 10 convert input and output

circuits for signa! levei compatibility.

Bump chip A ohip that has on its termination pads a bump af salder or other bonding material that is used to bond the chip 1¢

external conlacts,

Bump contacl A large area contact used lor zllaying directly to the substrate of a ehip, for mounting or interconnecting

purposes.

Buriad layer A heavily doped (N+) region directly under the N doped spltaxial calleclor region ot fransistors in a monolithic

Integrated cirsuit used 10 lower the series collectar resistance.

Burn-in  Cperation of electronic companents atten at elevated temperature, prior to their ultimale application in order to

stabilize their characteristics and to identily their early failures,

Burn-in, dynamic High temp tesl with device(s) subject to actual or simulated operating conditions,

Burn-in, static High ternp lest with device(s) subjected to unvarying voltage rather than 1o operaling conditions; either

forward or reverse bias,

Camber  In screen printing, a slight rise or curve in the surface of the substrate,

Carriage  Mechanism on a screen printer to which the warkhalder is attached, which conveys the subsirate lo and trom the
rint position.

tp:arﬂees Holders for electronic parls and devices which facllitate handling during processing, preduction, imprinling, or

testing opsrations and protect such parts under transport.

Geramic Non-metallic and inorganic material {e.g., alumina, beryllia, or steatite} used in microslectric substrales and

compoenent parts.

Cermet A combination of caramic and metal powders used for thin and thick film resistors.

Chip A single substrate on which all the active and passive circuit elements have been fabricated using one or all of the

semiconductor technigues of diffusion, passivation, masking, photoresist, and epitaxial growth. A chip is not ready for use until

packaged and provided with exiemal connectors. The tarm is also applied to discrete capacitors and resislors which are smali

enough to be bonded to substrates by hybrid technigues.

Chip and wire A hybrid technology exclusively employing face-up-bonded chip devices interconnecled 1o the subslrate

conventionally, i.e., by flying wires.

Chip architecture The design or structure of an IC chip, incorporating arithmetic logic unit, registers, and control-bus

pathway configuration.
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Chip capacitors Discrele devicas which introduce capacitance into an slectronic circuit, made in tiny wedge or rectangular
shapes o be fired onto hybrid circuits.

Chip component An unpackaged circuit element (aclive or passive) for use in hybrid microelectronics. Besides ICs, the term
includes diodes, transistors, reslstors, and capacitors.

Chip-outs Semiconductor dig defects where fragmeants of silicon on the face have been chipped off in processing, ieaving
an active junction exposed.

Circuit The interconnection of a number of devices in one or more closed paths 1o perform a desired electrical or electronic
function.

Clean room Awork slation or processing area in which steps are taken (e.g., air liltering) to protect incomplela circults from
dust and contamination.

Clear  Anasynchronaus input. Also called Resel. Torestore a memory slementor flip-flop to a “standard” state, forcing the
Q terminal to logic “0."

Clearance The shortest distance between the outer edgas of images applied in sequence.

Clock A pulse generator which controls the timing of computer switching circuits and mernory stages end regulales the
speed al which the computar cantral processor operates. i serves to synchronize all pperations in a digital sysiem.
Clackinput  That terminal on a flip-flop whose condition or change of condition controls the admission of datainto a flip-flop
through the synchronous inputs and thereby controls the output stale of the flip-flop. The clock signal performs wo functiens:
{1} It permits data signals to enter the flip-flop; (2) after entry, i directs the flip-flop 10 change state accordingly.
CML{Current Mode Logic) Legicin which transistors operale inlhe unsaturated mode as dislinguished from most other lagic
typas which operate inthe saluration region. This logic has very fast switching speeds and low logic swings. Aiso called ECL or
MECL.

cCMas Complementary meial-oxide semiconductor. Device farmad by the combination of a PMOS and an NMOS (P-type
and N-type channel semiconductors).

Co-fire To place circuits onto an unfired ceramic and fire both circuits and ceramic simultanssusly.

Collector junction  The semiconductor junction in a transistor between the collector and base regions.

Collocator Device used to collect substrates from a screen prinler and deposit them, in rows, onto a conveyor /dryer of
furnace belt.

Compliant hend A hond which uses an elastically and for plastically deformable member 16 imporl the requirsd energy to
the lead.

Component A packaged functional unit consisting of one or more circuits made up of devices, which {in turn) may be parl ot
an operating system or subsystem. A part of, or division of, the whole assembly or eguipment.

Component parl A lerm somelimes used 1o denole a passive device,

Component placement equipment  Automatic systems for sorting and placing components onto hybrld ¢ircuit substrates:
consisting of Indexing-conveyar, sorter, placement heads, missing component detector, programmable eleciro-pneumatic
control, and oplions o handie special requirements,

Confdryer Process equipment designed to receive screen printed substrales and dry the ink on Lhe substrate while
conveying them away,

Contact printing Print mode in screen printing wherein entire substrale contacls bottom sur{ace of screen during print cycle.
Necessary when using metal masks.

Contaminant An impurity or foreign substance present in a material that affects one or more properties of the materiai.
Cosmetic defect A variation from the conventional appearance of an itern, such as a slight change in color: not necessarily
detrimental to perfermancs.

Corrosion  In semiconductors, a defect in or on the aluminum metailization, usually a white crystaliine growth,

Counter A device capable of changing slates ina specified sequence upon receiving appropriate input signals. The cutput
of the counter indicatss the number of pulses which have been applied. (See alsa Divider.) A counter is made from flip-flops
and some gates. The output of all flip-flops are accassible to indicate the exact count at all times.

Coumter, binary  An interconnection of flip-flops having a signal input so arranged to enable binary counting, Each lime a
pulse appears at the Input, the counter changes state and tabulates the number of Input pulses for readout inbinary form. lthas
a 2" possible counls where 77 is the number of flip-flops.

Counter, ring A special form of counter sometimes called a Johnson or shiftcounterwhich has very simple wiring and is fast.
Itforms a loop or circuits of interconnected flip-flops so arranged thal only one is “0” and thet as input signals are recaived, the
positioning of the "0™ state moved in sequence from one flip-flop to another around the loop unlil they are all '0,” then the first
one goes to 1" and this moves in sequence from one flip-flop to another untif all are 1.”it has 2x 1 possibla counts wherg nis
the number of fiip-flops.

Cover fay, cover coat  Quter layer(s} of insulating material applied over the conductive pattern on the suracs of the
substrate.

Crazing Minute cracks on or near the surlace of materials such as ceramic.

nfala Term used to denote facts, numbers, letters, symbols, binary bits presented as vollage levels in a computer. In a
binary system data can only be "0" gr "1."

DCTL {Direct-Cougled Transistor Logic)  Logic employing only transistors as aclive circuil elements.

Debug  To remove mallunctions from a system or device.
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Decimal A system of numerical representation which uses ten numerals 0, 1, 2, 3,...,9. Each numeral is called a digit. A
numbrer system to the radix 10,

Defect Any deviation from the normally accepted characteristics of a product or component,

Delay The slowing up of the propagation of a pulse either intentionally, such as to prevent inputs from changing while clock
pulses are present, or unintentionally as caused by transistor rise and fall time pulse response effscts.

Detailed logic diagram A diagram that depicts all fogic funclions and also shows nonlogic functions, socket locations, pin
numbers, test points, and other physical elemenis necessary to describe the physical and electrical aspects of the logic. The
detailed logic diagram is used primarily to facilitate the rapid diagnosis and localization of eguipment malfunctions. It alse is
used to verify the physical consistency of the logic and Yo prepare tabrication instructions. The symbols are connected by lines
that represent signal paths.

Detritus  Fragments of material produced during resistor timming which remain in the trimmed area.

Device  The physical realization of an individual electical element in a physical independant body which cannot be further
reduced or divided without desiroying ils siated function. This term Is commonly applied to active devices. Examplas are
translstors, pnpn siruclures, iunnel diodes, resistors, capacitors, and induciors.

Diamond powders, grits, and compounds  These materials are used mainly as abrasives for processes such as lapping and
polishing, abrasives in abrasive irimming, of 1o create the culling surface of slicing equipment.

Die  Atny place of semicondustor malerial, broken from a semiconductor slice, on which one or mors active electronic
componenis are formed. (Sometimes called ¢hip).

Die bonding  Attaching the serniconductor chip Lo the subsirate, with an epaxy, eutectic, or solder alloy.

Dislactric [ealatlon  The use of silicon dioxide barriers created during silicon IC procassing to provide isglation batween
components on a chip.

Diftusion A process, used in the production of semiconduclors, which introduces minute amounts of impurliles Into a
substrate material such as silicon or germanium and permits the impurity to spread into the substrate. The process is very
dependent on temperature and time.

Ditfusion and oxidation systems Equipment in which non-conductive materials are made semiconductive by diffusing
controlied amounts of selected impurities into the surface and the surface of silicon is oxidized selectively to provide a
protactiva or insulative layer. Difiusion and oxidation are accomplished by exposing the silicon water to specific atmospheres
in a high temperatura fumace.

Diffusion depth testing A diftusion depth tester determines to whal depth diffused impurities have been implanted into a
waler under ion implartation.

Digital cirguit A clrouit which operates in the manner of a switch, that is, it is either "on” or “off.” More correctly should be
called a binary circuit,

Dinde A device parmiiting current to flow in one direction only. Diodes are used in logic circuits to control the passage or
nonpassage of a signal from one element to another.

Discrete Having an individual identity. Fabricated pror to installation, and /or separately packaged, not part of an
integrated circuit.

pp Dual in-line package,

Discrete circuits Elsctronic circuits built of separate, individually manufactured, tested, and assemnbled diodes, resistors,
trensistors, capacitors, and other specific electronic cemponents.

Discrete component A circuit component having an individual idenlity, such as a transistor, capecitor, or resistor.
Divider (Frequency) A counter which has a gating structure added which provides amoutput pulse after receiving a specified
number of input pulses. The outputs of all fip-flops are nol accessible.

Dopants Selected impurities introduced into semiconductor subsirates in controlied amounts, the etoms of which form
negative (n-type) and positive (p-type) conductive regions. Phosphorus. arsenic, and antimany are n-type dopants for silicon;
boron, aluminum, gallium, end indium are p-type dopants for silicon.

Doping Addition of controlled impurities to a non-conduclive material to achieve the daesired semiconductor characteristic,
accomplished through thermal diffusion or ion implantation.

Dot “AND" Externally connecting separate circuils or functions so that the combinetion of their outputs results in an "AND"
function. The point at which the seperate circuits are wired together willbe a ™17 il all circuits feeding into this point are 1" (elso
called WIRED "OR").

Dot"OR"  Externally connecting separale circuils or functions, so thal the combination of thair outputs results in an "OR"
function. The polnt at which ihe separale sircuits are wired together will be a “1" if any of the circuits feeding into this point are
II1 .H

Driver  An element which is coupled 1o 1he outpul stage of a circuit in order to increase its power ar current handiing
capabllity or lanout: for example, a clock driver is used to supply the current necessary for a clock line,

OTL (Diode-Transistor Logic)  Logic employing diodes with Iransistors used only as invarling amplifiers.

Dual-in-l1ne package (DIP)) Carrier in which a semiconduclor integrated circuil is assembled and sealed. Package consists
of & plastic or caremic body with two rows of seven verlicel leads which are inseried into a clreult board and secured by
soldering.

Durometer  An instrument for measuring the hardnass of the squeagee meterial for scresn printing.

ECL Emillsr-coupled logic; a type of current mode logic in which the circuils are coupled with one another through emitter
followers at the input or output of the logic circuit.
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on a ceramic substrate. This semiconductor network is enclosed in a shallow rectangular package with the connecting leads
projacting lrom edges of the package.

Flip-chip A generic term describing a semicanductor device having all terminations on one side of the form of bump
contacts. After the surface of the chip has been passivated or otharwise treated, it is flipped over for attaching to a matehing
substrate.

flip-flop {storage element) A circuit having two slable states and the capability of ¢hanging from one state to another with the
application of a control signal and remaining in that stale after removal of signals. {See Bistable eierment.)

Flip-tlop, “B" D stands for delay. A flip-flop whose outplt is a function of the Input which appeared one pulse eariier; for
example, if a 1" appeared at the input, the oulput after the next clock pulse will be a “1."

Flip-fiop, “3-K” Aflip-Tlop having two inpuis designated J and K. Atthe application of a clock pulse, a“ 1" gn the "'J” inpul and
a"0" on the “K" input will set tha flip-flop 10 1he 1" state; a “1" on the K™ input and a 0" on the “J” input will reset it to the 0"
state; and “1's" simultaneously on balh inputs will cause it ta change state regardless of the previous state.J = QJandK = 0
will prevent change.

Flip-flap, “R-S" A flip-flop consisting of two cross-coupled NAND gates having two inputs designated "R" and "$.” A"1" on
the "&"” input and 0" on the "R" input will reset (clear) the flip-flop o the “0" state, and "1" on the “R" input and "0" on the “S”
input will setitto the 1." t is assurned that “0’s™ will never appear simuitaneously st both inputs. If both inputs have “1's" it will
stay as it was. 1" is considered nonactivating. A similar circuil can be formed with NOR gates.

Flip-flop, “R-5-T" A llip-flop having three inputs, “R," "S,” and "T." This unit works as the “R-5" flip-fiop except that the “T"
input is used to cause the flip-flop to change states.

Flip-tlop, "1 A flp-flop having only one input, A pulse appearing an the input will cause the fiip-fiop to change states. Used
in ripple counters.

Fleating squesges This squeegee, as opposed to a rigid squesegsee, has the ability to produce a rocking movement on the
horizental plane in screen printing.

Flood stroke  Return stroke of squeegee in screen printing which redistributes ink back over the paitern. Provides for proper
ink sontrol, and is especially useful for thixotropic inks. (See "Print Stroke".}

Fluid flow masking A gold electro-plating technigue in which the work to be plated is the cathode and currant flows through
the fluid strean of plating material, allowing control of deposit at the peint of contact between the siream: and the workpiece.
Furnaces, diffusion and firing Systems designed for enclosed elevated temperelure processing of solid state devices and
systems, ingaseous atmospheres, Diffusion furnaces are operated attemperatures from 1,000 to 1300°C to achieve doping of
semiconductor substrates, by one of a number of processes. Oxidation is a process that puls a protective layer ol silicon oxide
on the water and is used sither as an insulator or to mask cut cerlain areas when doping. Deposition systems, of which there
are three (liquid, gaseous, solld}, are used to deposit impurities on the silicon wafer. Other systems include a drive-in systam
used ta difluse impurities into the waler to e specified level, and enalloy system which is used in a final step of the metallization
process, Firing furnaces are used lor the curing of multifayer ceramics for integrated electrenics and for the firing of thick film
materials on microcircuits.

Furnace, screen printing Process equipment designed o cure substrates alter screen printing and drying.

FULL ADDER See Adder.

Gate 1. A circuit having an output and a multiplicity of inputs designed so that the cutput is energized only when a cerlain
combination of pulses is present at the inputs. An AND-gate dellvers an output pulse only when evary input Is energized
simultaneously In a specified manner. An OR-gate dellvers an output pulse when any one or more of the pulses meet the
specified conditions. 2. An alecirods In a field eflect transistor. 3. A circuit thal admits and amplifies or passes a signal only
when a galing (Iriggering) pulse is present. 4. A circuil in which one signal sarves to switch another signai on and oH,

Gate definitions below assume positive logic

Gate, AND All inputs must have “1" level signals at the input to produce a 1" level output.

Gate, NAND All inputs must have "1 level signals at the input to produecs a 0" level cutput.

Gate, NOR Any one input or more than one input having & “1" level signal will produce a 0" lavel output,

Gate, DR  Apy one input or more than one input having a "1” level signal will produce a "1" level output.

Gates (decision alements) A circuit having two or mora inputs and one output, The output depends upan the combination of
logic signals el the input.

Germanium polycrystalline A prime raw malerlal for making ¢rystal ingots.

Glassivation A deposited layer of glass on top of a melallized wafer or chip; primarfly a protective layer,

Glazed substrate Ceramic substrete with a gless coating to eflect a smooth end nonporous sutface,

Graen ceramic Unfired ceramic material,

Green substrate Unfired material in substrate form. Normally substrates are printed after fiing. Under special clr-
cumstances, however, green (unfired) substrates are printed.

Half ADBER A switching circuit which combines binary bits {0 generate the SUM and the CARRY. ltcan only take in the two
binary bits to be added and generate the SUM and CARRY (see also ADDER).

Halt shifi register  Anolher name for cerlain lypes of flip-flops when used in a shift register. It takes two of thesa lo make one
stage in a shift register,
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Registiation The degree of proper alignment of a circuit pattern on the substrate.

Resist Material such as ink, paint, or metallic plating, used to protect the desired portions of the printed conductive pattern
from the action of the etchant, sclder, or plating.

Reset Also called clear. Similar to Set except it is the input through which the Q output can be made to go to “0."
Rigid squeegee Firm mounting of the screen printer squeegee blade and holder. Squeegee adjustment is more critical.
Ripple The transmission of data serially. It is a serial reaction analogous to a bucket brigade or a row of falling dominoes.
Rippie ADDER A binary adding system similar {o the system most people used to add decimal numbers—that is, add the
“'units” column, get the carry, add it to the "10's" colurmn, get the carry, add it to the “100's" column, and so on. Again it Is
necessary to wait for the signal o propagate through afl columns aven though all columns ere present at ance (parallel). Note
that the carry is rippled.

Ripple counter A binary counting system in which flp-flops are connected in series. When the first flip-flop changes it eHects
the second which effects the lhird and so on. Ifthere are ten in a row, the signal must go sequentially from the first flip-flop to the
tenth.

Risers In a multilayer substrate, the conductive palhs that vertically connect various levels.

Rotary (theta) motion Angular (rolary) adjustment of image to substrate. Allows registration in angularity in addition 1o "X”
and "Y" in screen printing. (Also called Theta molion.}

Rise time Ameasure of the time required for the output voltage of a state to go from a low voltage level (07} to a high valtage
level {*1"} once a level change has been starled.

ROM  Read-only memory; a random access storage in which the data pattern is unchangeable after manufacture.

RiL (Resistor-Transistor-Logic) Logic is performed by resistors. Transistors are used to produce an inverted output.
Sapphire substrates Materials which provide a uniform dielectric constant, controlled orientation, thermal conductivity, and
the single erystal surlace desired for SOS, hybrid IC, and other microcircuit systems. The material may e grown directly in
ribbons, lubes, filaments. and sheets.

Screen Tensioned mesh material with an open pattern through which ink penetrates to place an image on the substrate.
Screen is above and parallel to the substrate during screen printing.

Screen printing, thick film The art of depositing conductive, resistive, and insulating materials on a dielectric bage. This
deposition is made through selected open areas in screans with inks or pastes forced through the open areas of the sureen by
squeegee motion onto the substrate base. In some cases, masks instead of conventional mesh screens may be usad.
Scribing Scratching a tooled line or laser path on a britlle substrate to allow a wafer to be cleft or broken along the line,
producing IC chips when all brakes are completed.

Scribing machines and tecls Equipment used to separate wafers into individual devices, chips, or dice. This has been done
by erude lechnigues similar to glass cutting, but Is now accomplished by more efficlent mathods, using truncated pyramid
diamond scribers, automated machinas, conical tools, or lasers.

SEM  Standard electronic module; a subassembly configuration format which meets a particular U.S. Navy set of speclfica-
tions. This abbravlation Is also used for scanning 2lectron micrescope.

Semiconductor  The name applled to materlals which exhibit relatively high reslstance In a pure state but much lower
reslstarice when minute amounts of Impuritles are added. The word s commonly used to describe electronic devices made
from semiconducior materials.

Semiconducter devices Devices In which the cheracteristic distinguishing slectron conduction takes place wlithin a
semieonductor, ranging from the singls unit transistor to multiple unit devices such as the semiconductor rectifier. Other
devices are diodes, photocells, thermistors, and thyristors.

Semlconductor integrated circuit (SIC)  The physical realization of a number of slactric slements inseparably assoclated on
or within a continuous body of semiconducter material to perform the function of & clroult,

Serfal  Thetechniqus for handiing a binary data word which has more than one blt. The blits are acted upen one at a time, It
is llke a parade going by a review point,

Sarial gperation The erganization of data manipulation within computer circuitry where the digits of a word are transmitted
one at & tima along a single fine. The serlal mode of operation is slower than parallel operation, but utllizes less complex
cirouitry,

Set  Aninpul on afllp-flop not controlled by the clock (sea Asynchronous Inputs), and used te effect the Q output. Itis this
input through which signals can ba entered to get the Q output to go to "1.” Note it cannot get Q ta go to "0.”

Shear tester Shear testers are used 1o determine the integrity of a malerial or to test the adherance between two attached
items. It is used for testing eutectic and epoxy die-bond strengths, and for adherance testing a gold-wire ball bonds, gold and
solder chip bumps, external lead frames, coined and welded gold electrical cantacts, thick film plating, and more.

Shit  The process of moving data from one place to another. Generally many bits are moving at once. Shifting is dene
synchronously and by command of the clock. An 8-bit word can be shifled sequentially (serially)—that is, the 1st bit goes out,
2nd bit takes 1st bit's place, 3rd bit takes 2nd bit's place, and so on, in the manner of a bucket brigade. Generally referredto as
shifting left or right. It takes B clock pulses to shift an 8-bit word or all bits of a word can be shifled simultaneously. This is called
parallel load or parallel shifl.

Shift register An arrangement of clrcuits, specifically flip-flops, which is used to shifl serially or in parallel. Binary words are
generally parallal loaded and then held temporarily or serially shified out,
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Sic Semiconductor integrated circuit.

Silican A brittle, gray, crystalline chemical element which, in its pure state, serves as a semiconductor substrate in
microelectronics. It is naturally found in compounds such as silicon dioxide.

Silicon gate A type of MOS in which the gate is made of silicon instead of metal. Itis faster and denser than the metal-gate
MOS.

Silicon nitride A compound of sllicon and nitrogen depositad on the surface of silicon monolithic ICs to impan greatar
stability.

Silican oxide Silicon monoxide or dioxide or a mixture, the latter of which can be deposited on a silicon IC as insulation
between metallization layers.

Single print One squesgee print stroke and flood return per substrate, In screen printing.

Skewing Refers to time dalay or ofiset betwean any two signals in relation to each other,

Slewing rate Rata at which the output can be driven from limit to limit over the dynamic range,

Slice A single wafer cut from a silicon inget forming a thin subsirate on which all active and passive elements for mulitiple
integrated circults have been fabricated utllizing semiconductor epltaxial growth, diffusion, passivation, masking, photo resist,
and matallization technologies. A completed slice generally containg hundreds of individual circuits. (see Chip.)

Small scale [ntegration A cireuit of under 10 gates, ganerally involving one metallization level implementing one clrcuit
funetion In monalithic allicon.

Snap-of  Distanca from top of substrate in screen printing to botlom surface of screen. Squeeges must stretch screen this
far to meet the substrate and deposit ink. Set by "Z" motlon adjustmants,

Snapstrate  Scored large area substrale which, after screen printing, may be snapped or breken apart Into smaller sized
substrates.

Snugger Davlee for automatically positioning and holding the substrate in proper position during the print cycle, in sereen
printing.

Sofder systems for honding and welding Processors for ceramic hybrid microcircuits, substrates, lead frames, microas-
semblies, flat packs, wire memory arrays, ceramic headers, and magnet wire, where solder normally has been pretinned on
the substrate or individual components, or solder pastes provide salder without the need for pretinning operations. Tempera-
ture controlled preheat, reflow, and cooling stages are involved, with reflow being almost instantanecus.

Solid state  The electronic properties of crystatline materials {usually semiconductor in type). The interaction of light, heat,
magnetic fields, and electric currants in these crystalline materials are involved in solid state devicas, Less powerisrequired {o
operate solid state devices and a greater variety of effacts can be obtained. (2) Technology utilizing solid semiconductors in
placa of vacuum tubes for amplification, rectification, and switching.

508 Silicon-on-sapphire transisior device. Silicon Is grown on a passive insulating base {sapphire} and then selectively
elched awey to form a solid state device.

Sputtering A method of depositing a thin film of material onto a substrate, The substrate is placed in a large demountable
vacuum chamber having a cathode mada of the metal or ceramic to be spultered. Tha chamber Is then operated so as to
bombard the cathode with positive ions. As a result, small particles of the material falf uniformly on the substraie.
Sputlering targets These ars usually in the form of simple circular or rectangular plates, comprised af a variety of materials,
and bombarded by gas ions that transfer their momentum to particles of the target, sjecting them into the vacuum chamber that
houses the operation, These paricles are then deposited in a thin film on sirategically located substrates.

581 Small scale integration.

Squeagee Hard, flexible blade with a precision edge which, with applied pressure, for¢ss or pushes ink through the screen
In screen printing.

Squeegee pressare Downward force exsried upon the screen and substrate by the sguesgee during screen printing.
Squeegee speed Rate of speed at which the squeegee is driven across the screen durlng screen printing.

Stability The specific abliity of electrenic circuits or other devices to withstand use and environmental stresses without
changing. Also continued operation according to specifications despite adverse congitions.

State This refers to the condition of an input or cutput of a circuit as to whether it is a logic "1" or alogic “0.” The stete of a
circuit {gate or flip-fiop) refers to its autput. The flip-flop is said to be in the 1" state when its Q outputis “1.” A gateisinthe "1
state when its output is "1."

Statle In burm-in, the quality of a test whereln the device is subject to elther forward or reverse bias applled to appropriate
terminals; voltages are unvarylng thraughout test.

Steatita  Ceramlc material composed malnly of a slicate of magnesium, used as a cireuit substrate,

Step  To usa the step-and-repeat mathod.

Substrate  The physical material upon which an electronic clreult is fabricated, Used primarily for mechanical support but
may serve a useful thermal or electrical function, Also, a material on whose surface an adhesive substance ls spread fer
bonding or coating, or any material which provides a supporting surface for other materials.

Subsystem A part or division of a system which In liself has the properties of & system.

Surface diffusion The high temperature Injection of atome into the surtace layer of a semiconductor material to form the
Junctions. Usually a gaseous diffusion process.
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Synchronous  Operation of a switching network by a clock pulse genarator. All circults in the network switch gsimultaneousiy.
All actions take place synchronously with the ¢clock.

Synchranous inputs  Those terminals on a flip-flop through which data can be entered but only upen command of the clock.
These inputs do not have dlirect contral of the output such as those of a gate but only when the ¢lock permits and commands.
Called JK inputs or ac set and reset inputs,

System A group of integrated circuits or other components interconnected ta perform a single function or number of related
functions. If further interconnected inte a large system, lhe individual elements are referred to as subsystems.

Taper testers A taper tester is used to test one aspecl of the dimensional integrity of wafers. Taper resulls when the two
faces of the water under fest are not parallel.

TCR  Temperalure cosfiicient of resistance.

Temperature coefficient of resistance The amount of change in lhe resistance of a material per dagree of temperature rise.
Thermal compression honding Process of diffusion bonding in which two prepared surfaces are brought into inlimale
conlact, and plastic deformation is induced by the combined effecls ol pressure and temperature, which in turn resultsin atom
moverment causing the development of a crystal laltice bridging the gap between lacing surfaces and resulfing In bonding.
Thermistor A semiconductor device, the electrical resistance of which varies with the lemperature. its temperalure
coefficient of resistance s high, nonlinear, and usually negative.

Thick film  Conduclive, resistive, and for capacitive passive network deposited on a subslrate using a metallic or resislive
film which is more than five microns in thickness.

Thick filmhybrid integrated circuits ~ The physical realization of ahybridintegrated circuit fabrication on a thick film netwark,
Thick film resistar, conductor, and diefectric compositions The principle materials for making thick film circuits, available in
paste form and consisting of mixiures of melal, oxide, and glass powders,

Thin film Conductive, resistive, and /or capacitive passive network deéposiled on a substrate using a metallic or resistive
film which is less than five microns in thickness.

Thin fitm deposition, chemical vapartype  The CVD technique involves a decomposition and raaction between gases on the
surface of a heated substrate such that a solld layer is nucleated and grown. Metals are generally derived from the
decomposition of the matal halides. Insulators may be formed by reacting motal halides with oxygen (oxides), ammonia
{nitridas), diborane {borides}, etc.

Thin film depaosition, evaporation type  Popular technigue for depasiting thin film in vacuum, accomplished by heating the
source material in a low pressure chamber so that it vaporizes and then condenses onto all cotler surfaces in line-of-sight from
the source.

Thin film deposition, sputtering type Evaporation produced by ion bornbardment of the source material, known as cathode-
sputtering.

Thin film depesition malerials, conductors and resistoss Metals such as aluminum, gold, chromium, nickel, platinum,
tungsten, alloys, and cermels deposited as electrical conductors and resistors on silicon or oiher substrates.

Thin film deposition materials, inorganic dielectrics Film compounds produced by various vacuum évaporation processes
and deposited on subslrates to periorm eloctrical functions. Examplos Include silicon monoxide. ZnS, CaF, SiO,, Al,O,,
SigN,, and other chemical compounds.

Thin film depesition materials, organic dielectrics Insulating film compounds produced when organic vapors are heated
under condilions in which polyrmerization and deposition occur. Examples are parylene, butadene, acrolein, and diviny!
benzene.

Thin film deposition: materials, semiconductors Polycrystelline films deposited by vacuum or flash evaporation 10 produce
high purity single crystal silicon or other semiconductor substances.

Thin fitm hybrid integrated circuits ~ The physical realization of a hybrid integrated circuit fabricated on a thin lilm nelwork.
Thin fivw integrated circuit The physical realization of a number of electric elements entirely in the form of thin films
deposited in a pattemaed relationship on a struelural supporting materlal.

Toggle  To switch between two states as in a flip-flop.

Tooling Vacuum holes, grooves, and locating pins on the ool plate surface dedicated to a certain size substrate in order to
position and hold the substrate during the print cycle of screen printing.

TO package Can-type 1C chip configuration, an outgrowth of the criginal TO fransistor package. Most cornmon are the
TO-B, TO-18, and TO-47. The IC chip is mounted within the package, interconnected to terminals on the ean, and then
hermetically sealed. TO stands for transistor outline.

Transistance  The characteristic of an electric element which controls valtages or current so as to accomplish gain or
switching actlon in a circuit. Examples of the physical realization of transistance occur in transistors, diodes, saturable
reactors, limitors, and relays.

Transistor An active semlconductor device having three or more elsctrodes, and capable of performing almost all ihe
functions of tubes, Including rectification and amplification. Germanium and sillcon are the main materials used, with impurities
introduced to determine the conductivity type (n-type as an excess of free slectrons, p-type, a deficiency).

Transistor testers Equipment and instruments which detect or measure leakage current, breakdown voltage, gain, or
saturation vollage, Some lesters are computer operated.

Trigger A Uming pulse vsed to initiate the transmission of logic signals through the appropriate circuit signal paths.
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CLASSIFICATION OF AMPUFIERS

The definitions of class A, B, or C operation apply to vacuum tubes as well as to transistor ¢ircuits. Bias voltage
on the emitter junction of a transistor determines collector current just as grid voltage determines plate current

in a vacuum tube,
Class A allows for 360° operation of a sing wave.
Class B operation is with zero bias (cutoff) and allows 1807 conduction.
Ciass C operation is with bias beyond culoff which allows less than 180° conduction.
Class AB operation allows small-signal ¢lass A operation, and large-signal class B operation.
The above dasses of operation are defined and illustrated for transisters and vacuum tubes.

input-signaf Plate or Collector Parformance
Class Bias Setting Voltage Swing Current Flow Characleristic
A Center point of character-| Confined to linear portion | Complete cycle Undistonied output. High
istic curve of characteristic curve gain. Low power con-
version efficiency. (25%
Mmaxirnurmy
A2 Above cenler point of Extends into upper (satu- | Complete cycle Almost undistorled out-
characleristic curve ration) bend of character- put. Lower gain but higher
istic curve sfiiciency than class A .
AB, {Belaw center point of Extends into lower (cut- Cuts off for a small portion | In push-pull operation out-
charactaristic curve o) bend of characteristic | of negalive haif-cycie put is practically undis-
curve lonsd. Lower gain but
higher efficiency than
class A,
AB, | Center point of charac- Exiends into iower {cut- Cuts of for srnall portion | Siight harmonic distor-
teristic curve offy and upper (saturation) | of negatlve half-cycle tion In push-pull opera-
bends of characteristic tion. Lower gain but high-
curve ar efficiency than class AB,
B, |Near lower bend of char- | Extends boyond lower Cuts off for greater part Litlle harmonic distor-
acteristic curve {eutoft) bend of charac- of negative hall-cycle tion in push-pull opera-
teristic curve tion, Gain less than class
AB,. Maximum efficien-
cy 78.5%,
82 Near lower bend of char- | Extends into lower {cut- Cuts off for greater part Some harmonic distorlion
acleristic curve offy and upper {saturation) | of negative hall-cycle and | in push-pull operation,
bend of characterlstic smail portion of positive Lower gain but higher
curve half-cycla afficiency than class B,.
c Beyond lower bend of Extends well beyond Cuts off all of negative Considerable harmonic
characteristic curve lower {cutoff) and uppor and part of positive half- | distortion. Low gain.
saturation) bends of cycles High power conversion effi-|
characteristic curve ciency (80% maximum).
Subscript 9 denotes that no grid current flows during any part of the cycle.
Subscripl 2 denotes that grid current flows at least for a portion of the cycle.
In ¢lass C amplifiers, grid current always flows, and a subseript is therefore unnecassary.
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ANGULAR RESOLUTIDN TABLE

ed wherever shafl angle encoders are used.

fon is requir

The shaft angle correspeonding to an integral binary fract

Thig resolution table aids in determining accurately the angle represented by a specific number of counts or

conversely, the precise number of counts which equals a given angle.
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POWERS OF TWO

n -
2 n 2 ” >
1 6 190
: L os 73 | 94447 32065 73929 04273 92
4 2z 035 74 | 18889 46593 14785 B0A54 TR4
8 31 0125 75 | 37778 93186 29571 61709 568
6 4 00824 76 | 75557 86372 59143 23419 136
32 5 0031 25 77 | 15111 57274 51828 BAGA3 §272
& & 0015 625 78 | 30223 14549 03657 29367 &54d
128 7 0007 B2 S 19 | 60446 29098 0TA14 58735 3084
256 B D003 906 25 A0 | 12089 25819 61462 91747 OB178
512§ 0001 953 125 B1 | 24176 51630 22025 H34@4 12352
1024 10 10D 576 562 5 82 | 48357 03278 45851 SEGBA 24T
2 (4B 11 0000 488 281 25 B3 | 96714 06558 1703 33978 49408
4 pe6 12 D000 244 140 625 B4 | 19342 B1311 34340 58708 2e8R1 8
§ 192 3 0000 122 070 3125 85 | 24685 62822 76681 33550 59783 2
16 384 14 0.000 061 035 156 25 a6 | 77371 25245 53362 61181 10526 4
az 768 15 0.000 030 51F 578 125 87 | 15474 25040 10672 53438 23505 28
65 536 1§ 0.000 D15 264 789 062 % 83 | 30540 50008 21345 06872 AT810 S5
131 072 17 0000 007 623 394 531 25 B9 | G1R97 00106 42690 #3744 95621 12
262 144 15 [OLODG 003 Bl4 697 265 624 00 | 12370 40030 28538 42748 90124 204
524 288 19 0000 DDE 907 M8 632 812 % 91 | 24758 BOOTH 57076 05407 98248 440
1 048 576 20 0000 OO0 953 E¥a 216 406 I5 07 | 49517 60157 14152 10905 96496 896
2007 152 21 0000 000 476 837 158 203 125 93 [ 99035 70014 28304 21991 92993 79%
4 194 304 22 0.000 00D 238 418 579 101 S62 5 94 | 19807 062 ASAE) B4390 3B%9R 7504
9 80 608 23 0.000 000 119 209 249 $30" 741 23 95 | 30614 08125 1321 6879 TTHET 5184
16 F77 214 24 0.000 D03 OS% 604 44 775 390 625 o6 | 70725 16251 42843 37563 54305 0238
331 554 432 28 0000 000 029 602 322 387 £95 312 5 o7 | 1584% §3250 28528 G518 70879 (0GT2
E7 104 Afd 24 0.000 000 014 901 161 153 BA7 856 25 o6 | 31801 28500 57057 35037 41758 C1344
134 217 128 27 Q000 OO0 OD7 450 580 596 523 828 12% §9 | 83382 53001 14114 70074 83516 02688
268 435 456 2B 0000 OO D03 79 290 298 461 914 D62 § 100 | 12576 50600 22822 sdois 96708 20437 B
A28 470 911 29 0.0DO 000 001 862 S5 149 230 557 031 25
1073 M1 824 M 0000 DOD 00D 931 322 574 515 478 519 628
2 147 4B3 48 31 0000 DO0 DOD 465 GE1 287 307 739 257 L2 S
4 794 967 296 37 0.000 DOU 000 232 830 B43_ 653 BSY 618 S04 28
o 5ES 914 882 33 0.000 OO0 000 116 415 321 B26 934 B14 453 {28
17 179 BAS 184 M D000 OOD 0DO O5R 207 560 913 457 407 226 BET %
34 359 73 AW 25 0000 OO0 000 D29 103 B40 456 733 7OI 81X IML 35
65 719 4¥6 TX6 M6 0.000 DOD OO0 D14 561 915 228 366 451 BOS &40 625
137 438 P53 472 3F 0000 D00 OO0 OO7 275 957 EId 183 475 903 M M2 5
274 877 W06 A4 3B 0.000 DOD 000 GO3 6§37 978 BO7 (W1 FIZ B8] &0 156 25
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2 199 D23 255 552 41 0000 0OG 000 000 434 T47 350 AM A64 1)8 937 519 531 I5
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B 786 09N 022 200 43 0000 ODO 00O 060 113 606 BT 721 EI§ OX% 7)Y 379 882 BIZ 3
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70 368 744 177 6B4 46 0000 00O 000 000 GL4 210 B4 F16 202 003 717 422 485 15} 062 3
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POWERS OF NUMBERS r* ta n®

n o nt n* n’ nl n n! nt n* n? nt
. . . paliy = o »ion
i ! i 50 5250000 | 312500000 | 15.625000 |  7.812500 |  3.906250
2 18 32 o oo o | 5 5765201 | 345025251 | 17.596288 | B.97ai07 | 4576794
a 81 243 = ssess | 52 7314616 | 380204032 | 19.770610 | 10.280717 |  5.345073
4 258 1024 4096 oS 90805 | 53 7890481 | 418195493 | 22.164361 | 11747111 |  &.225060
5 g2s 3izs S aes | veweare | 3 8502056 | 459165024 | 24.784u11 | 13389252 |  7.230196
s 1208 e It e | steseer | 9150825 | 503284375 | 27680641 | iszmessz | 8l3733ss
7 201 o807 kot Yoas | seirrore | 56 9834436 | 550731775 | 30.840879 | 17270848 |  9.671731
8 4008 P T Vatees | evaernr | 57 | 1035001 [ cotespos7 | 34206447 | f9.sdpars | 11142916
8 8581 g 11316496 | 656356768 | 38068803 | p2.ovoBdz | 12.808308
59 12117361 7149242949 42180534 24.886515 14683044
X100
10 10000 1 Q000 1000000 TODOOHNY 10000 bl bl wigh *1gH
11 14841 161051 1771581 | 19487471 2183588 | 5o 12960000 7.776000 4.865600 | 27.093600 | 16.786160
12 20738 248832 2985984 | 35631508 4299017 | g 13845841 8.445963 5.152037 | 3i.427428 | 190170731
13 208581 aT2e3 4626808 | 62748517 8157307 | g7 14776336 9.161328 5.680024 | 35.296145 | 21.834011
14 38418 537824 7529536 | 105413504 | 14.7576W1 | g3 15752961 9.924365 8.252350 | 39.300806 | 24.815578
15 50625 758375 11360625 | 170859375 | 25.628906 | g4 16777216 | 10,737418 6871948 | 43.080485 | 28.147488
18 65536 1048576 16777216 | 268135456 | 42.999673 | g5 17850625 | 11.602006 7.541883 | 49.022279 | 31.864481
17 43521 1419857 | 24137560 | 410338673 | €9.757574 | gg 18974736 | 12,523326 8.265305 | 54,561807 | 35.004061
18 1040768 1880568 | 34012024 | 612220032 | 110.195606 | g7 20154121 | 13.501259 0.045838 | BOBOTIIE | 40.606768
19 130321 2476099 | 47045881 | 493871739 | 169835630 | gy 21381376 | 14.539236 9.856748 | @7.220886 | 45.718324
&9 22667121 | 15.540213 | 10.791816 | 74.463533 | 51.379837
el X101
20 160000 2200000 | 64000000 1.280500 2.560000 bl x1pe X101 X1on
2 194481 eoB411 | es7e612i | 1801009 |  3.8206 | 7o 24010000 | 16.807000 | 11.764000 |  B.235430 | 5.764801
o 234856 51528312 113378504 2494358 9.487597 m 25411681 18042294 12.010028 9.095120 £.457535
23 279841 5436343 | 148035885 | 3404828 | 7.831099 | 72 26273856 | 19.349176 | 13931407 | s0.030813 |  7.22004%
24 331778 7982824 | 191102076 | 4586471 | 1100783 | 73 23388241 | 20730718 | 15133423 | 11,047308 |  B,084804
25 390825 5785825 | 2¢4140825 |  6.003516 | 15.250780 | 74 29986576 | 22.1%0086 | 16.420649 | 12,151260 |  8.991947
2§ astes | vssave | sosssre | seswao | 20882706 | 7S 31840625 | 23.730469 | 17.797852 | 13348388 | 10.0112§2
27 B3fady | 14348507 | 387420489 | 10.460353 | 26242054 | 76 23362176 | 25.355254 | 19.269993 | 14,648185 | 1%.fa0348
28 sr4nse | vr210388 | abissontd | 83492920 | 37.780200 | 97 35153041 | 27.087842 | 20847233 | 16048823 | 12,257388
o0 707281 | 20511148 | 504823321 | 17.249876 | S0.024841 | 78 37015086 | 28.87174d | 22519950 | 17.985580 | 13.701144
79 38950081 | 30.770584 | 24308746 | 19.203005 | 15.171088
X100 X101 X104
KA xmle xl,ul: w0+
x D00 e | aiet | Zieer| Gsoaew | 20 | sosocco [ soasssco | 26214400 | 20a7tseo [ se.7TrRis
8 ' . : 81 430467211 | 34867844 | 28.2429%¢ | 73878792 | 18.530202
a2 1D4BSY6 [ 33554432 | 10737418 | 34059 | RO.99SUE | a0 | L5015k | 370073084 | 30.400867 | 24.928547 | 20441409
n 1985021 | 39135993 | 12.914880 [ 4261844 |  14.064086 | O3 ihsain | 399omes | 33ese0ar | 27138081 | 22 .850ees
u 1338336 | 45435424 | 15448044 | 5252335 | 17.857%39 : / : ;
84 49787136 | 41.821194 | 35120803 | 29.509035 | 24,7873&%
as 1500625 | 52521875 | 18382556 |  6.433030 | 22.518754
85 50000625 | 44370531 | a37.71a952 | 32.057709 | 27.749053
b 1879616 | B0MBEIT6 | 21767623 | 183016 | 3820098 | g5 | Selo0sis | 47.042702 | 4o.aserad | 34792782 [ 22.921708
3 1074161 | 69343957 | 25.657264 | 9493188 | 3ISAI | o5 | opnagey | o'maznga | 43367620 | a7.72847% | s2.821187
- 2085136 | 79235168 | 30.100384 | F1.a41558 | 43477621 - . ' ‘
39 831349, | oo354195 | 35107438 | 13723101 | s3.520093 | 8 59969536 | 52773192 | 46.440409 | 40,8687580 | 35.963452
. ' . 89 6202241 | $5.840504 | 49.698129 | 44.231335 | 35.385888
Pl X1 b X 19¢ xX1gn *®10M ® 101
40 556000 | 102400000 | 4.006000 | 18.384000 |  6.553600 | 90 65610000 | 5.904900 |  S.314410 | 4782088 | 4304672
41 20925761 115856201 4.750104 10475427 7.984925 a1 GR3T4061 £.240321 5.678693 5167610 4,702525
42 3111606 | 130801232 |  5.4m0032 | 2305033 |  s.eazes? | o2 71639296 | 5.590815 | 6.063550 | 5578466 |  5.132189
43 3416801 | 147008443 |  6.321363 | 2raemer | 11688200 | a3 74805201 | 5.956884 |  6.466502 | 6017008 |  5.595818
454 3748008 164816224 7.266314 RN v yriill 14048224 a4 T8O74890 7.3390440 6.695605 6.484776 6.090689
45 4100025 184528125 B.303766 37306045 16.815125 95 B1450625 T.737809 7.250918 6.0823712 6.634204
46 4471456 205562976 9.4742487 43 581766 20.047612 13 B1334656 8,153727 7.827576 1.514475 T.213806
47 4078681 | 228345007 | 1e.779215 | soseemz | easnioer | o7 88529281 8587340 | @.a20720 | Bovemse | 7.Bava;d
48 £308416 254803868 12,730550 50.706834 o8, 1 9280 a8 92336816 9.030208 83.858424 B,681255 B.507630
49 5704801 | 282475249 | 13.841287 | 67.822307 | 23.232021 | 99 96050807 | 9509900 | 9.414801 | o0.320853 |  0.227447
50 6250000 312500000 15.625000 70125000 19.062500 | 100 100003000 10.000000 10.000000 10060000 10000003
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FACTORIALS

Numerical
1
n - nt f
nl
1 1. 1 1
2 05 2 2
3 V6666 6BGEE6 GG6EG6 66666 BEEEY 6 3
4 04166 GGEEE ©GE66 66666  BBE6T 24 4
5 O0B33 33333 33333 33333 33333 120 5
-] 0.00138 BEBHE GBEBE 98888 8BVHY 720 <]
7 QD019 84126 98412 69841 26984 5040 7
2] DOo0Z2 48015 BY301 58730 15873 40329 g
=] 00000 27557 31922 39853 90653 3 62880 9
10 00000 02755 73192 23985  B9065 35 2Bs50Q 10
11 000000 00250 52108 3J8%44 17188 Jgg 16800 11
12 QDOO0 00020 A7675 69878 68099 4780 Q1600 12
13 00000 00001 B0SS0 43838 82161 62270 20800 13
14 00000 000Q0 11470 74559 77297 8 71782 91200 14
15 00000 00000 00764 71637 31820 130 78743 BSODO 15
1% 000000 00000 00047 78477 33239 2092 278%8  BBOOD 16
17 Qo000 Q0RO GO002  Bi1145 72543 36668 74280 96000 17
18 00000 00000 00000 1B61E 20697 6 40237 370hT7 28000 18
18 00000 Q000G 00000 00822 06352 121 54510 {4088 32000 19
20 00000 00000 00000 00041 10318 2432 90200 81766 40000 20
Al=1W2KIX4HEE, . n
FOR EXAMPLE: For n = 7, nl = 5040.
1inl = 0.0019841268984 126984126984,
log (M) = 3.702431,
Logarithmic
Logarithms of the products 1 X 2X 3.,.n,n from 1 to 100,
n fog fnt) n tog (nd) _n log (nf} n fog (ni}
1 0.000000 26 26.605619 51 66.150645 76 111.275425
2 0.301030 27 28.036983 52 67906648 77 113.161916
3 0.778181 28 29.484141 53 §3.630824 Ki:! 115054011
] 1.380211 29 30.546539 54 71.363318 i) 116951638
5 2079181 a0 32.423660 55 73103601 B8O 118254728
-] 2.857332 3 33915022 56 74.851869 81 120.763213
7 3.702431 32 354720172 57 76.607744 82 122 677027
8 460552 33 36.038686 58 8.I71172 83 124 596105
9 5.559763 34 38 470165 5% 80.142024 84 126.520384
10 6.5559763 35 40014233 60 81.92017%5 85 128.449803
11 7.601156 i) 41570535 E1 83705505 B& 130384301
12 B8.6B0337 37 43.138737 b2 85.457856 87 132.32381
13 9.79422¢ 38 44.718520 63 87.297237 a8 134.268303
14 10940408 39 465.308585 €4 89.10017 89 136.217693
15 12116500 40 47911645 65 90916330 90 138171436
18 13.320620 41 49524429 66 92,735874 91 140130977
17 14551069 42 51.147878 67 94561949 &2 142094765
18 15.806341 43 52.781147 68 96.324458 91 144 063248
19 17.085085 44 54.,424500 69 98,233307 94 1a6 036376
20 18.386125 45 56077812 70 100.078405 95 148014009
21 19.708344 46 £7.740570 T 101,920663 96 149906371
22 21.050767 47 55.412668 72 103.7B6996 97 151983142
23 22.412494 48 £1.093909 73 105 660319 98 153974368
24 23.792706 4G £2. 784105 74 107519550 a9 155970004
25 25.190646 50 64 483075 75 109.394612 190 157 970004
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DECIBEL NOMOGRAPHS

With the nomograph below and the one on the next page dB gain or loss of any equipment can be determined
{(even if input and output impedances difler) if input and output voltages and resistances can ba measured. The
nomograms cover a power range of 10,000 to 1, a voltage range of 10010 1, and a decibel range from +40 to — 40
dB. Voltage and resistance scales of nomogram 1 bearing the same suffix are used together.





























































Practical Unit  Electromagmetic  Electrostatic
Unit Unit
Quantity WS C6S EM G5 €5 i
1. Capacitemce 1 Fared 10=% Abfarod ¥ = 1017 Siorfarad
167 Farad 1 Abfornd % u 108 Sranborad
152 2 10~ Forsd 179 & 10-20 Ablorad aHfarggd
2. Chavge 1 Covlomt 10=1 Abcoslomb 3« 107 Stgreoulomb

10 Caulamb

1 Abroutamb

3 = 1010 Statcoulomb

173 x 10~F Coulemb

173 4 10— 10 Abesulowrb

3 Chairg e Jansity

1 Coplombfm3
| 167 Gaufomb/m3

1927 Abcowlanb/emT
1 Absaulemb.'cm

1 Statcaulomb

12 109 Stqreoutombriend
3 % 1010 Siategulamb/emd

1/2 & 10= 10 Abesulamb/cm

1 Stetmotumb/omd

12k '|_0:‘_3 Coulombsm3

4 Condurtisity ) phosm 1011 Abrba/cm 9 ¢ 10 Siatmhesem
1! pho o 1 Abho,/cm 7 & 162 Siotmhasem
179 & W0=8 pha/m 179 2 10=20 Abmhosem 1 Stalwho./cm

5 Curmren) 1 Ampery Hr b Aberger 10075
K Ang#in 1 Ahwelu 3 Wil Statampure
143 2 10=9 Ampure 173 6 0=Y Abampera 1 Stalampers

4. Currumt dunsity

1 .Am;ulrl.l'm2

16-5 Abonpars/om?

1. 105 Srorampes emd

105 ampee /md

¥} Abempnre/cm?

3 = 1010 Stolampwre/cm?

143 5 10=5 Ampwra/m?

173 n 10=10 Abampare/sm?2

1 Btarampera/em?

¥, Electric {lald intensity| 1 Yalt/matst 168 Abwslicm 173 o W=# Stateoinicm
LW Voltinwter 1 Abvol t/em 173 & 10~ 10 Sterval1/em
1w 4 ¥alt/mater 3= 1010 Abvalt/em 1 Satveltiem
&, Elactric petmtial 1 ¥olt 107 Abwalre 173 3 10-2 Srarvalra
108 valr 1 Abualt 173 » 1010 Spgtvgln
3 = 102 Yol 3x B0 Apwalte 1 tareeh

§. Eluctric dipole momanl

Cowlombe maler

10 Abcoutemb-—em

3 5 101 Siatcoulomb—em

10=1 Coulersh—muter

1 Aberylambcm

3¢ 10 sramotombocn |

173 « 0= Covlamk—nutad 177 2 W= 1 Abcowlombarn] 1 Stoteulomb

. Energy 1 Jouln 157 €rg W Ep
1= Joulw 1 Erg PEg
307 Jowle _1Em 1Erg

11. Farex | Heween 105 Dyna 0¥ Oyna
10—5 Hawion | Dyns I Dyna
10-5 Hewion 1 By 1 Dyne

12, Flwa donsiry 1 Webwrn? 104 Giou vy 172 x 106 aeu
104 Weber 'mi 1 Gauts [N LT
Ix 'Ig"' Weloat/rad i 1910 Gaure LM

12, lak 1 Hmmry 107 abhenry 19 = 0= 11 stathanry
10=9 Hanry 1 Abhunry 149 = 10=2 Storhenry
3w 1017 Henry 9 x 1070 Abhemry | Siathen

14 ingyreive capagity 1 Farpd morar 1011 Abfargd cm 9 2 137 Sratfaredcm
'Y Farod muter Abfarad/em ¥ u 1020 StaMarods cm
1/9 1 10~F Farad murar 149 0 10~ 2 aiovad/em | Stetfovrodem

15. Magnatic flux 1 Waber 109 Moawel| 1720 10~ guy
0=M Wobar I Mhanwal| 35 2 10100
3 2 107 Waber 3 v 1210 Macwall Lew

L Magnelic dipols mement 1 Ampere—matar? 167 Abysmp— tm 32 K12 Sigrpmpegad
10-3 Amg taed 1 Abamp —cmd 31010 Steremp—em?

e 10712 dmparpamarar?

173 z to- 0 Abamp—cm?

1 §tatamp—cm ?

17. Parmechil ity

1 Henry ‘matar

107 Abhanry cm

19w W= 19 Sugrtvwney - con

_

10=7 Hiniy mmrar 1 Abhgnry cm 14 ¢ 1910 Sromhaney em
=113 Hanry matar L3 lﬂ7q.lh|'|m|ﬂ‘|I <m | Stathanry em
18, Power 1 Wait 10 args e 197 vy famc
10-7 wehr | aig ywc 1 o plim
10-7 Wast Farg aec 1 argfunc
19, Redittanes | Ohm 107 Abohm 179 0 10=T5raretmn
10= %k | 1 Abohm

¥ 2 101" Ohe __1

o 7 fbohm

19 3 102 Sranghm |
! Srarghm
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EQUAL LOUDNESS CURVES OF THE AVERAGE HUMAN EAR

The curvas show that the frequency response characteristic of the human ear varies with the loudness of the
sound. At low sound levels the ear is relatively insensitive 10 the lower frequencies, which must be atleast 60dB to
be heard. Higher sound levels are heard neaily equaily well at the high and low frequencies. Therefore, for
listening at low veiurne levels, the low frequencies must be boosted considerably to produce the eftect of equal
loudness and to avold an apparent lack of low frequency tones. The ear is most sensitive to sounds in the 2,0001o
4,000 Hz range.

{20- to 29-year old subjects}
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PPM/°C VS % CHANGE CONVERSION CHART

This chanl is used lo determine the % change over a certain temperature range when the ppm /°C characteristicis
known or 10 determine the desired ppm /°C for a maximum change over a given temperature range.

FOR EXAMPLE: 1. What will be the change in capacitance of a capacitor with a TC of 750 ppm when used
over a 60° temperature range? Answer: 4.5%

2, Whatis the required stahility in ppm /°C of an oscillator that should not change in frequency by more than
1% when used betwean 10 to 90°C (i.e., temp. change = BO°C)? Answer. 125 ppm [°C
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WIND MAP OF THE U.S.

This map shows the annual wing extrames in miles /hour, 30 feet above ground, 50 year mean recurrence
interval.

L]
Bigwnzvilla ¥ AuULF OF MEXICSD

Wind map—annual extrema In miles per hour, 30 teet
above ground, 50 year maan recurrence interval, From
Trom "New Distribution of Winds in the United States”,
ASCE Proceedings, 1968,

Steady Wind - mites/hour Gusting Wind - equivalont miles/hour
{as shown on map) {using standerd 1.3 gust factor)
&0 78
70 91
80 104
a8s : 110
80 117
100 130
10 143
120 156

{Reprinted from "SBC Sguare Beam Cutolf,” Kim Lighting publication AS, page A5-10, courtasy Kim Lighting.)
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THERMOPLASTICS FOR ELECTRICAL APPLICATIONS

Material and Major Application Cor

C Available Forms

Reprasentacive Tradenames
and Suppliaes

Acatals
Good eloctricsl properties at most frequencies, which
are litilg changsd in humid envirormeants 1o 125° C.
Ouiuanding mechanical strangeh, titfness, tough-
ness, angd dimensionel stability,

Acrylics
Excellent rppstance to arcing and #1sciricel tracking.
Excollent clarity and resistance 16 butdoor waathar-
inp. !

Collulosics
Good elecwrical properties and toughnedt,  Used
more {od ganeral-purpnse soplications 1hea for wit
mate in pny alEsifical reguirement.  Seversl 1ypes
availabie.

Chlorinatod Palyelhers
Good efgctricaily, bur mos! Gulstdading properies
are COrEgsion iesistance and physiad and thermal
stabiliwy,

Fluorocarbong
TFE: Electrically anes gt the most cutstanding ther-
maplastic materials,  Very low electrical 108y
very high etectrical resistivity, Usetul from =300° 1o
over SO0PF. Excellem high frequency dielggric.
Has exeallent eombination of mechanical and elec-
trical properties but & relatively weak in ¢oid Now
wopertgs,  Nearly inen chemically, &5 are mast
lluorocerbons.  Very low coefliciern of friction,
Nanflgmmable.
FEP: Swnilar 1 TFE, @xgap! wsalul lemperature
tirmited 10 about 400°F  Egsler 1o mold than TFE.
CTFE: Excellent electrical properties and retatively
good mechanical properties. Siiffer than TFE ang
FEP, but tdoes have same cold flaw. Useful 1o sbout
Ll
PVF; Dneof the easies) of the fluorocerbans 1o gros
cess, Suffer and more renistant to cald fow than
TFE. Gooa enctrically. Useful 1 sbour 300°F.
Maor ghecinical apphicalion i3 wird jackering,

Myions

Conavantional: Good general-purpose electrical prop-
erues Eanly processed  Good meehanecal strengtiv
antt abeppion resistance and lows ¢oeflciem of fric-
1on.  Commonly used types ol nylon are nylon
6. nylen 676 and nylon BFLD, Same hove limited
uig v elecisical appleations besaude of moisture-
absorptien properties, Nylan 8/10 is best hare.
High-Temparsture: Has excellent comBingtion of
thermal eadurence (1o 200°C) and oisctrcal praper-
ngs. Exhibig relatively low digleciric ganstant, high
wOlume restshivily, aod good dielectric strengite, Hag
high tensile strengih and wear resistancy.

Polysulfone
Good combunatson of thermal endurance {to over
JO0°F] and dwleciric properties.  Aglalively low
dimtectric comtant and dissipation fsctee, and high
wolume rasstivity,  Electrical progarties sre masin-
tained a1 H0% of initial values after ona year ar
J0PF. Good dimenpionsl wability and high creep
resistance.  Flame sesistant, and good ¢hemical
resstance,

Extrusions, infectlon moid-
ings, siock shapes.

Castings, e trvsions, Injec-
tion maldings, therma-
formed parts, atock shepes,
fiim, fiker,

Blow moldings, Fxtrusions,

injection moldings, thermo-

formed pasts, film, fiber,
stock thapes.

Extrysions, injection moid-
ings, steck shape, film.

Campression moldings.
steck shapes, Jdm,

E xtrusions, injection
moldings, laminatas, film,
Exirusions, isottatec matd-
ings, anjection moldings.
tilm, stock shapes,

Extrusions, Injection mold-
ings, laminates, film,

Exvusions, injection moldg-
ings, lWrminares, rorational
molgings, stock shepas,
filem, fiber,

Fiber, sheet, tepe, poper,
fabirie,

Extruyions, injection mold-
ings, thermolormed parts,
stock shapas,!tilm, sheet.

Ceirin (DuPontl; Ceicon [Cetaness
Corpd

Lugite {DuPont); Plexiglas (Rehm
and Haas Co.)

Tanite (Esstman Chemical Col;
Ethogel-EC {Dow Chemical £4.);
Forticel-CAP (Celaness Com.)

Penton (Herculas Powder Co.)

Teflen TFE {DuPont); Halon TFE
{Alied Chemical Sorp.)

Tetlen FEF {Dhifoni]

KelF [3W Col: Plaskon CTFE

tAllied Chemical Gorp,]

Kynar {Pannsaly Chemicals Carp. b

Zytel {DuPoni); Plagkan {Allied

Chemical Co.); Bakelita Wnion
Carbide Corp.}

Nomex [OuPent)

Palysuttons [Linion Carhide Carp.]
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Marsria! anda Majar Application Consideratians

Common Avaifable Farm;

Rapresentative Tradenamas
and Suppliers

Paryienes
Excellant |ow-lou diglectric properties and good
dimens/onel 1tabllity, Lew permeability to gases nnd
moisture. Produced as a 1im on a substrate, from a
vapor phass. Usad pricnarily as thin films in copagi-
o3 and distectric coatings.,

Polycarbonates
Polatreely 0w electricel lasses and high volume re-
sistivity, Loss properties are stable w0 about $50°C.
Escellentdimensional stability, kaw water sgsorprion,
low creep, and ou ling impact ras: ]

Polyesisrs
Cuwistanding dlelectric strengih and tear strongth.
Widely wsed for machine-applied tape snsulation,
Hus high volurne rasistivity and low moisture shsorp-
tion.

Palysthylanes, Polypropylanes, Palyallomers
Excallent elactrical properties, especially low elec
trical Ipsses.  Tough snd chemically resistant, but
weak td varying degress in creep and tharmal resis-
tance.  Thermal stability generally increases with
density classes of polyathylene. Polyprapylenes are
panarally similar to polyethylenes, but offer about
SO®F higher hast resistance. Polyallomers ara alec-
tricelly timllar to polyathylene and polypropylana
but have batter siress-crack resistance end surface
hardneszs.  Crosslinked polyethylenas provide ime
proved tharmasd andurance,

Folyimides and Polyamide-imides
Among the highest-tamperature thermoplastics avail-
able, having useful gperating temperalufes 10 Houl
YOIPF or higher. Excellent electrical propertier,
gaod rigidity, and excellent thermal siabilicy.

Polyphenyisna Oxides (PPO}
Excetlent alectrical groperties_ especially ks prop:
arties 10 sbove 350 F, and over 3 wids (roguency
range.  Good rmuechanlcal strength and toughnoss.
A |lower-cost grade, Maryl, has simlisr proparties
ta PPO, but with o 75% to 100°F reduction In heat
resistance,

Polystyranas

Generzl-Purposa: Excellent siectrical propariies, e
pecially loss properties.  Convencions! polystyrene
is wemperaturg-limited, but high-temgerature madifi-
cationt tuch a3 Rexolite or Polypenca crosslinkad
polyttysene ara widely used, especially foe high-
frequency opplicatians.

ABRS: Good goneral electrical propeariies but nol oul-
standing for any specific piectric epplicetion. Ex-
trermely taugh, with Migh impact resisiance. Can be
formulated over a wide range of hatthess and tough-
ness propertiss, Special grades available for plated
surfaces,

Winyis
Good low-cost, ganeral:purpase tharmoplasiic mate-
rials, but electrical properties dre No1 cutstanding.
PBropertias are grestly influsnced by plasticizers.
Many waristions svailable, [neluding Nexibie snd
rigid types. Fiexible viayly, asacially FVC, ara
widely usad far wira ingulation,

Fltm coatings.

Extrusians, injection mold-
ings, thermaformed parts,
stock shapes, film.

Films and tapes,

Blow meldings, BXtrutions,
inlection molding, thermo-
{formad parts, stock yhapes,
filen, tibar, foam.

Fulmis, coatings, mobded
and machined parts, resin
solutiony.

E x1rusions, injection mold-
ings, thermoformed pares,
stock shapes, film,

Blow moldings, 2xtrusians,
injeciion moldings, rata-
tiongl moldings, thermo-
farmed parts, foam.

Extrusicns, injecton mald-
Ings, thermoformed parts,
{eminates, stock shapas,
foam.

Blow moldings, extrusions,
injection maldings, rota-
tional moidings, film,
shaat,

Farylang {Union Carbide Corp.)

Laxan {G.E. Co.); Merlen [Mobay
Chemical Co.)

Mylar [DuPont); Scotchpar {3M
Co.i; Catanar {Lelanese Corp,}

Atathon Polyethylene [DuPontl;
Pewrothene  Pofyethylene  (USH
Chamical Co.); Grex H. D. Poly-
ethylene {Allied Chemical Cop.):
Hi-Fax H. D. Polyethylens, Pres
Fax Polypropytene (Hercules Pow
dor Co.); Tenite Palyethylene,
Polypropylens, and Polyallomer
{Eastman Chemical Co.)

Wespel parts and shaped, Kapton
film, and PyreM.L. resin {Du-
Pontl; AL tAmgeol. Skybond
{Maonsantg Cg.|

PPO and Moryl iG. €. Co.)

Styran {Dow Chemical Co.): Lus-
trex  {Monsanio Ca.); Rexofite
tAmerican Enka Corp.); Polypenco
Q-200.5 (Folymer Gorp.)

Marbon  Cycalac  {Borg-Warner
Corp); Lustran (Monsanta Cob;
Absan {Ggodrich Chemical Co.)

Diamond PVC tDigmond Alkali
Co}: Plivvic {Goodyrar Chemacal
Co); Seren {Dow Chemacat Ca.}






Resistance and Rasistivity
Aeasistance of an insulating material, like that of a conductor, is the resis-
tance offered by the conducting path to passane of electrical current.
Aesistance s expressed in chms. Insulating materials are vary poor conduc:
tars, offering high resistance. For insulating materials, the term volume
resistivity is more commonly applied.  Volume rasistivity is the electrical
resistance between opposite faces of a unit cube for a given material and at
gwen temperature. The relationship between resistance and resistivity 15 ex-
pressed by the equation p = RA// where p = volume resistivity in ohrmecm,

R = resistance in ohms between faces; 4 = area of the faces, and f = distance

between faces of the piece on which measuremant is made. This is not re-
sistance per unit volume, which would be shmfcm* —atthough this term is
sometimes erronsously uwed. Other tarms are sofmetimes used 10 describe a
specific application or condition, One such 18rm i3 surface resistivity, which
is the rasistance beiween two opposite edges of B surface film 1 em square.
Since the length and width of the path sre the sme, the centimeter terms
cancel, Thus, units of surface resistiviry are actuslly ohms. However, 10
avoid confusion with usual resistance values, surface resistivity is normally
given [n ohmas/sg. Ancther broadly used \BIM is inswlation resistance, which,
agein, iz a messurament of ohmic resistance for a given condition, rather
then a standardized resistivity test, For both surface resistivity and insula-
tion resistance, standardized comparative 12515 are normally used. Such
tests can provide data such as effects of humidity on o given insulating
matarlal conflguration.

The higher the valus, the better for a
good insulating material. The resistance
value Tor 8 given material depends upon
a number ol factaors. It varies inversely
with temperatura, end is affected by
humidity, moisture content of the test
parf, level ol the appliad voltage, and
ume during which the voltage is applied.
When tests a0 made on a pisce that has
been subjected 10 mpist or humid con-
ditions, it is important that measurements
be made at controlted time intervals
during or sfter the test condition has
been applied, since dry-out and rasistence
increase occur repidly, Camparing or
interpreting dawa is difficult unless the
test period is controlled and defined.

Dlstactric Constant

Tha dlalectric constamt of an insulating material is the ratio of the capa-
citence of 8 cepacitor containing thal particular maierial 1o the copacitance
of the same alectroge system with air replacing the insulation as the dislectric
maedium. The disleciric consiant is also somatimes dafined as the propeny
of an insuletion which deigrmings the electrostatic energy stored within the
soiid material,  The dietezuic comrstam of most commercial insulating
materials varies from about 2 to 10, air having the value 1,

Low wvalues are best tar high-fraquency
or power applications, to minimize elac-
trical power losses, Higher values are
best for capacitance applications. For
most insuldting matdrials, dislectric cen-
s1ant increases with tamparstura, es-
pecially above 8 critical temperature
region which is unique for gach material,
Dielectric constant valyes are also affec.
ted tusually 10 a lessar degrae) by fra-
quency. Thisvariation is alsa unique for
«ach material,

Powar Fector and Dissipation Fecior

Power factar is the ratic of the power dissipated lwatts) in an insulating
materlal to the product of the effective voltege and cusrent (volt.ampere
inputl and is & measure of the relative dielectric 1085 in the insulation when
the system acis &5  capacitor. Power factor is rondimensionel and is o
commonly used measure of intulation quality. it is of particuler interese at
high livels of frequency and power in such applications as microwave equip-
ment, transfarmers, and other inductive devices.

Dleaipation fecior is the tamgent ol the dielesiric loss angle. Hence, the
term tan defta {tangent of the angle) is also sometimes used. For the low
values ordinarily encountered in insulation, dissipation facior is practically
the equivalent of power factor, and the terms are used interchangeahly.

Low values e favarable, indicsting o
more efficient systam, with Iowar power
losses.

350

Arc Resistance

Arc resistance js a measure of an electricat breakdown condition along an in-
sulating surface, caused by the formation of a conductive path on the sur-
face, It is a common ASTM measurgment, sspecialty uiad with plastic
materials because of the variations among plastics in the exwent 1o which a
surface hreskdown occurs.  Arc resistance is measured as the me, in
seconds, required for breakdown along the surface of the material being
measured, Surface breakdown larcing or electrical tracking along the sur-
facel is alsa affected by surface cleanliness and dryness.

The highes the value, the berter. Higher
values indicage greater resistance to break-
doven slong the furface due (o arcing or
tracking conditions.






100 10 1490 1500 to 1990 2000 ta 2430 2500 1o 3000
c F c F o) F c F

532 1000 1332 | 816 1500 2732 | 1093 2000 3632 | 1371 2500 4532
543 1010 1850 | @21 1510 2750 | 1099 2010 3650 [ 1377 28910 4850
540 1020 1888 | 827 1520 2768 | 1904 2020 "3668 | 1387 2520 4568
554 1030 1886 | B37 1530 278G | 1110 2030 368G | 1388 2510 4596
550 1040 1904 | @38 1540 2804 | 1116 2040 3704 | 1393 2540 46D4
566 1050 1922 | ga3 1550 2822 | 112% 2050 3722 | 1390 2660 4622
871 1060 1040 | gH4g 1560 2840 { 1127 2080 23740 | 1404 2560 4640
$77 1070 1958 | gs4 1570 2858 | 1132 2070 3758 | 1410 2870 4658
582 1080 1976 | 860 1580 2876 | 1138 2080 3775 | 1416 2580 4578
SHE 1090 1994 | g6 1590 2894 | 1143 2090 3794 | 1421 2590 4694
593 1100 2012 | 871 1600 2012 | 1149 2100 3812 | 1437 2800 4712
S99 1110 2030 | a7y 1690 2930 | 1154 2110 3830 | 1432 2610 4730
604 1120 2048 | gaz 1620 2948 | 1160 2120 3843 | 1438 2620 4748
610 1130 2065 | g#g 1630 2968 | 116G 2130 3866 | 1443 2630 4765
816 1140 2084 | go3 1640 20Ra | 1171 2140 3884 | 1440 2640 4784
621 1180 2102 | ggy 1650 3002 | 1177 2150 3902 | 1454 2650 4802
627 1160 2120 | o904 1660 3020 | 1182 2160 3920 | 1480 2660 4820
632 1170 2138 | gi0 1670 3038 | 1188 2170 3938 | 1466 2670 4838
638 1180 215G | 916 1680 3066 | 1183 2180 2956 | 1471 2680 4856
643 1190 2174 | 971 1890 23074 | 1199 2150 3974 | 1477 2690 4874
640 1200 2192 | 927 1700 3092 | 1204 2200 3997 | 1482 2700 4892
654 1210 2210 | 932 1710 310 | 1210 2210 4010 | 1488 2710 4810
660 1220 2228 | ga3s 1720 3128 | 1216 2220 4028 | 1493 2720 4928
666 1230 2248 | 043 1730 3146 | 1221 2230 4046 | 1499 2730 4945
671 1240 2284 948 1740 3164 | 1227 2240 4064 | 1504 2740 4DG4
677 1250 2282 | 9054 1750 3182 | 1232 2250 4082 | 1810 2750 4832
682 1250 2300 | o9s0 1760 3200 | 1238 2260 4100 | 181G 2760 5000
688 127¢ 2318 | o965 1770 3218 | 1243 2270 4118 | 1521 2770 5018
653 1200 2336 | g71 1780 3236 | 1249 2280 4136 | 1827 2780 5036
699 1790 2354 | 977 1790 3254 | 1254 2290 4154 | 1832 2790 5054
04 1300 2572 | g8z Y800 3272 | 1260 2300 4172 | 1538 2800 5072
710 1310 2300 | 98P 1810 3290 | 1266 2310 4190 | 1543 2810 5090
7I6 1320 2408 | 991 1320 3308 | 1271 2320 4208 | 1549 2820 5108
72T 1330 2426 | 999 1830 3326 | 1277 2330 4226 | 1554 7830 5126
727 1340 2444 | 1004 1940 3344 | 1282 2340 4244 | 1560 2840 5144
737 1350 2462 | 1010 1880 3362 | 1288 2350 4262 | 1566 2850 5162
738 1360 2480 | 1016 1880 338G | 1203 2360 4280 | 1571 2850 5180
743 1370 2498 | 1021 1870 3398 | 1299 2370 4288 | 1577 2870 5198
749 1330 2516 | 1027 1980 3416 | 1304 2380 4316 | 1582 2880 5218
754 1390 2534 | 1032 1890 3434 | 1310 2390 4334 | 1588 28300 5224
760 1a00 2852 | 1038 1900 3452 | 1316 2400 4352 | 1593 2000 5252
766 1410 2570 | 1043 1910 3470 | 132 2410 4370 | 1599 2970 5210
771 1420 2588 | 1040 1920 2488 | 1327 2420 4388 | 1604 2920 5283
777 1430 2606 | 1054 1930 3506 | 1332 2430 4406 | 1610 2930 5306
782 1440 2624 | 1060 1940 3524 | 1338 2440 4424 | 1616 2940 5329
788 1450 2642 | 1066 1950 3642 | 1343 2450 3442 | 1621 2050 5342
793 1460 2660 | 1071 1960 3560 | 1349 2460 4460 | 1627 2960 5350
793 3470 2678 1077 1970 3578 1354 2470 4478 1632 2070 5378
804 1480 269G 1082 1980 3596 1350 2480 4488 1638 2080 5396
810 1490 2714 10BB 1990 3614 1366 2400 4514 1642 2930 5414

1649 3000 5432

Interpolation Factors Interpolation Factors
C F C F
0.56 1 1.8 3.33 6 108
1.1 2 36 3.89 7 126
1.67 3 5.4 4.44 B 144
2.22 4 72 5.00 9 162
2.78 5 9.0 5.56 10 180

*The lemn Centigrade was officially changed to Celsius by International agreamant in 1948. The Celsius scale usesthe triple
phase point of watar, at 0° Centigrade, in place of the ice point as a referance, but for all practical purposes Ihe two teérms are
interchangsable.

352









ibo¥ O0F 59 0L 5% (23

H
]
— [}
' L5 #5695 69 Z4 5V ¥E W T o
otz 92 S5 %7 LT oo 23 B§ ue 1X - Y]
7§ LE s 90 g he LR wk €8 IL LI A
it oyl iR 9 38 x5 bF F0 By own Sl oo 9
5T 62 $5 LG 65 9 19 13 0p 3 T
1 1 4
oty et §5 L7 05 B 5D 1Y FF T ]
it ok oIt §5 ¥ 0% £F 49 th C: EtoaLE
£ 0f It 95 15 13 T3 A 3 £ o5 o
17 1t it L5 £5 13§84 T 5 e
PE it T 15 E5 I3 Ve 49 gLkl
PoLozl i
JER T (L Y n" ““
I HOSE 0 13
HELE L LogL [T {1
HEI1R1 cL B ¢ 5 6 #1 &1 12
LR 3 i 311 EL Bl ro. 1081 B} &
55 (0 1% o2y oLy e b
R Y B olt Lot aiw bk
BE 1 o g
iR YL o4l art 1§ L0 21 13 8@
§ 41 oF 4 L izt LoaF tt 8T T it )
¥ 20 B[ Q% MWL OB
1L o 1b it Wt fppogr 4l 12 52 ”u 4
SE tr th Ll LRI I
42 TF @) Tl BH] Tt 9L DT ¥E T OIE 8
or b EP it Nwﬁ- *L EE #
aF b Lk Ll 51 EE
14 Ik T H H ps1 |91 MoT
13 22 by t [ I
e B e
EF bE BP H M1 it m".
[T T) 15 65 Ti FL §F it & mm m“
FFoEr §F #5 G2 Iz L§ B tE O ok b
kb 3F i #s 0L gL BL Bt S @
NIy g4 0L BL BL 41 ¥ W b +#
g 9k i Bg gr FLOWL B SL OO “" w"
Bo 0§ B4 be DB 6B TE Lé <6 26 i+
. 19 EF by #A €Y LG EE %8 PE 11}
3L 19 £k YR LH 6% 16 Lk 55 NE &
BL Y0 Ed SE LP BT 16 PG BE IE "
BL 1D 1 55 L 6% 4 b5 95 98 i
Lo§L 15 EF YK L% B4 16 B SE NG 44
X BE 1} BR 9% I¢ 67 16 Y6 85 £é
b BL ED TR S¥ D% cu 26 45 90 g5 "
FL OF EF EF 90 13 0 T€ Y& 85 £E 15
BL GF BE B3 9% Lt 0C 5 b6 95 e F
§L OF EF FE 9T IR BE 35 K& N6 Eé 11
BL OF Bl i §v &6 06 246 MG 56 6 13
0L &% 88 % W2 CE IZ TE e GL AL AN WA B ¥E CE FL tT QT & B L ¥ 9 % €L © 1 EIA AR TR 1

SHALTMOMITHL €114 ANQ OKY 1dm NEZMIFT LIZHHIUR YL FITHIIA I I5RANALI1Q

STTAYL ALIQTNNM JALLYTI3Y

355






004 $0 Amiuiny eape(es

® salealpul (4,8 esusseyip) 4,08 jo Buipeas qing-lem e pue 4,98 Jo Hulpeal qing-Ap v 13 TdNYXT HO4S
‘oA Bas e sbuipeal jlayuaiyed pue snisjan 1o) usalb aue so|qe]
‘Buipeas qing-Aip au) Bunuasasdal uwinios |RIU0ZLIOY 8Y) jO UoNJIssIalul aul Je ALPILUNY 8A[1B|31 S} pul} O} A[BIIHA
LLWINOS JELL MOJI0- M0l do) oy wi sousiayip SIY) Bunuasaldal tlaquinu sy pul pue sinjeladwe) ging-AIp 2yl Lo
aumeladwa) ging-1em ay} joenqns ‘sbupeas sumeladwle) Qing Ap pue 18m Wol) AIPIng sAleial sululaisp o)

sulan|eaonf o] v | | in s |sc|acfec|2n ||t |orinz|ie|m]|sene|ee|ee]oee)aeim Lt m[sifmn|et|{zafanfor|e [o|d Jofs|nfeiz]|i [3 o
AL T
AN KD T FIE LA LI I LI AN I LI N A GBI EE] 1
IR EEIR] FH wt s [an ey [Ew]saf i [ea [as (s |ss|os (o ca| ot on | weme|Zefom|Er| w|s0 eS| ]|
tpzn]en|wifsi » ac{og| e [ac|on oo on| | on|dsfes|se]as oo cofse o fes|oelorfco|oo|si|es] ]|
LR EIARIER]] L] AR AR AL A A R R IR LA A AR R R R A AR A LA L AL T
arporg | Ejel 13 el np| o [t o] en|sufovios |2 [ns |45 |8 t9|so)2efoe|te)oeleses| wm{onlee| m| 6
XTI 1L »l ﬁl—nhl.vn-m.:?a.mRmmwu:h.onﬂﬂﬂﬂu::nm8S
LR ORI 1] TE| G| O [ [OE [ OU] SN[ W | ¥ |ON | 15 |05 | 95 |F5| 19 | W9 |49 |67 | TL| 52| 6L [ 20| G0 | BE| 26| 96| 0
e et n " oc| e ot mfae) an|En]omfin (06 |cs (s |as| (96| 00|60 B sl we|eu|sn|60|pE| W] W
sje|s|a]n n O6| Z#| oo |S¢| e |46 rn| Ew] sn| 0w |06 |ES [SS 45| ap | Sy 09| Go|zz| 5L 0c)ze|sn]de el o] Y
IRFEE NN 14 AR A R LI A A A A R A G AR R AR AR LI AR A - T T I 1
SEIARRLEL 1 ot 9z 0% | 16 | K |56 | af| ou| Zu| wh [ On |6h{ 1S | hS 55| ES |8 (RS 09| g welgs | ta|wafeu| 2896 ] 0B
BEXFNELRE] T ol T WE] IS (BR[| S| 60| in| Gn oo [ On| 15| ET (95| 0G| 19 R0 | 4P| 14| NE[ 4L | 6] wA| Ui | 26 6| &
S ERFRL ] ] st ez ot [z | oe) UB)ON| 2n [ ww | in |05 | TS SG| S 00| WD [ L0 0L L] 2| 00| sA| IE] EE| | W
[ A EBERE] [ ] 1 szl 4Tp 8T | IR LK | SE| LK) L] n [ AN | W Ew | IS (WG| 46|09 | €9 | 90| 0d | £4| AL 00| we) Ja) J0] S b
AL BERE] 1 it STl vz ez ok [ za| e | M) B Ay Oy [§u| O |15 |£5] 95 (85 |09 99 [6p L4 S| OF | aaf du] 1A] S5 2
sl i L] szl sz sz |ezf e | BE| GE| 26 ke | 2o phn ) Pn 05 JeS) 95 (65| E8 (G016 22 | we(be|an|cm|0e)| s8] of
'y [ 1] BREEEEREER I IR AR DDA
3 5 t1 1Z[ E2) ST | LT |2 | 1| BE| SE| 4G | Ov [a | s W | k5] w5 25| 19| 0y o] 12| 52y 6L| E0| 2] 16| 6} e
T H THEAE AL AL AR AR AL AR L A LG I L L G LA A A R R LI ] L
T 1 K| 1T Y|SB AT 6T IEDEE| W (& | i) wh| oW |Bo| 25| S A5 ) TH| MRl DL wr | WE| ZN) B[ O5| S6| 29
ol mlezaz oz sz)oz ok peistise on|en|unfan] sfosfocf 0] ool 69| wy)aaf 0] 90 05) 56 0@
[] e oz]zz| sz v se]as| st i ar| ow|wu [ ol s as | os] o0 ns| oof £ 2] 1o 5| o6 s5] %
i IR L AR EH A A A R A B AR A LRI R U EAR A R ORI L Bl B
] cof | anjoe| ze| wz| oz 67| e ae ot ) me | zn [ snd en | 2| o4 ag| 9| 9] 12| 52| on| sv| o8] sE] ns
] i wif m o z]ce] szyor| ot fen| s | x| we| am | 5| wi| wa| 29| 93] 0i| 52| 62| wk| 6| | ZS
o) Za) w21 B8] b2 ARf £2] SR TEL af | 90 | On | Sh B | 0% | 0S| 25 19| B9) AL | ws| 82| a®| BE| ME 0%

| | |

|
|
1 1 1

357









STANDARD ANNEALED COPPER WIRE TABLE

Ohmes
anc | Dum ___Crom Swcron 000K ¢ o . e Ry o
Gauge Wi ‘:';;;:"‘ fﬁ:;:: -r:s?z:f 1000 £t 168°F 88°F1 1= E89F!
0030 | 460.0 211,600 0.1662 0.04901 | 6405 1,661 | 20,400 0.00007552 | 13,070
000 409.6 167 800 0.1318 0058180 | 507.9 1,968 | 16,180 00001297 g219
00 | 3648 133,100 0145 0.01793 | 4028 7482 | 12830 0.0001835 5,169
0| 3249 105,500 0.08289 009827 | 3195 3130 | 10,180 00003076 3.251
1| 2883 83,690 0.06573 0.1238 | 253.3 3947 { 8.070 0.000489) 2,044
2| 25186 66,370 0.05213 0.1563 | 200.8 4,977 | 6.400 00007778 1.286
3 | 2204 52,640 0.04134 09,1970 | 159.3 6275 | 5075 0001237 BOB &
4 | 2042 41,740 0.03278 0.2485 | 1264 7014 | 402% 0.001866 508 5
5| 1219 33,100 0.02600 03133 | w002 9080 | 3.192 0003127 319.8
6 | 162.0 26,250 0.02062 02951 79,46 12.58 2,51 0004977 7011
7| 1443 20820 201635 0,4982 63.02 15 87 2,007 0.007905 1265
B | 1288 16510 001297 0.6782 4998 001 1,582 001257 79 58
9 | 1124 13.080 001028 01921 3962 %2 1,262 0G199% 50,02
0| 1018 10,380 0.0081585 09989 3143 31.82 1,001 ooas 47
T 90.74 8,234 0.006487 1,260 24,92 4017 794 005053 14979
12 20,81 5,530 0005129 1.588 19.77 §0.59 629 0.08035 12 48
13 7196 5178 0.004067 2.002 1568 6380 4483 01278 7827
14 64.08 4107 0.003226 2525 4243 80.44 3960 0 M32 4922
5 57.07 3,257 0.002858 3184 9 858 1014 4.0 03230 3096
13 50,82 2.58] 0.002028 4.018 7.E18 127§ 249.0 05136 1947
17 45,26 2048 0.001609 5.064 G 700 161.3 1975 08167 1274
18 4030 1624 0001276 6,385 4917 034 1566 1299 7700
% 35.88 1,248 0.001012 B 053 3899 2%6.5 124.2 2065 4843
20 3196 1,622 0.0008023 10158 3.082 32z e 98,50 3283 M6
n 28 46 8101 00006363 12.80 2452 agt g 78.11 5221 1915
22 2535 642.4 0 005046 15 14 1945 5142 61.95 8301 1205
23 22.57 5095 0 0004002 20 36 1542 6484 4913 13.20 07576
24 20.10 4040 0.0003173 2567 1223 B17 7 1B56 2099 04765
% 17,90 1204 0.0002517 Ry 0.9699 1,010 30.90 33.37 07997
26 1694 254.1 0 0001996 4081 07892 1,300 24.50 5306 01885
27 14,20 2015 00001583 5147 06100 1,639 1942 84.37 01185
28 12,64 V59.8 0.0001255 64 50 04837 2067 1541 1342 007454
2% 1125 126 7 0,00009953 31.83 0.3836 2.607 1222 133 04GES
30 10.03 0.5 0.00007894 1032 0.3042 1.287 9.691 3392 002548
k]| 7970 | 0.00006260 1301 02413 | 4145 7.685 5393 001854
iz 8321 | 0.000D4964 1541 01913 6227 5095 B57 6 001166
33 5013 | 000003937 2069 G817 6.591 4,833 1,364 0007333
34 39.75 | 000003122 2609 01203 8,310 3.833 2.168 DOOAET?
35 3152 | 000002476 3290 0.09542 | 10,480 1040 3.448 0002301
6 2500 | 000001964 4148 007568 | 13.10 2411 5,487 0001824
k} 19E3 | 0.00001557 5221 0.06007 | 16,660 1.812 8Nz 0001147
38 16.72 | 0.00001235 E596 004759 | 21010 1516 | 13,660 a0D0F21S
et 1247 | 00QOODDS793 | 8318 (0.02774 | 26,500 1,202 | 22,040 0DDOAS538
0 SHE8 | 0000007766 | 10490 002993 | 33,410 0.9534 | 5,040 CO0UZE5

Temperature coefficient of resistance: The resistance of a conductor at temperature tin degrees Celsius is given

by

R=HR,[1+a,I(t- 20)

where Rm is the resistance al 20°C and a,, is the temperature coefficient of resistance at 20°C. For copper, 8y

= 0.00393. That s, the resistance of a copper conductor increases approximately 0.4% per degree celsius rise in
temperature.
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TEMPERATURE GCLASSIFICATION OF INSULATING MATERIALS

Temperature Classifications
Dafinitions of Insulating Materiats (JEEE)

Class

Definition

Materials or combinations of malerials such
as cotton, silk, and paper wilhout impreg-
nation. Other malerials or combinations of
malsrials may be included in this ¢lass if by
exparence or accepted tesis they can be
shown 1o be capable of operation at

90C

Materials or combinations of materials such
as cotton, silk, and paper when suitably im-
pregnated or coaled or whean immersed in a
dislectric liguid such as oil. Olher materials
or compinations of materials may be in-
cluded in this ctass il by experience or ac-
cepted tests they can be shown 10 be capa-
ble of operation at

105C

Materials or combinations of materials such
as mica, glass fiber, asbestos, etc., with
suitable bonding substances. Other mate-
rials or combinations of materizis, not
necessarily inorgenic, may be included in
this class if by experience or accepted tests
they can be shown to be capable of opera-
tion at

130C

Matertals or combinations of materials such
as mica, glass fiber, asbestos, etc., with
suitable bending substances. Other mate-
rials or combinations of materials, not
necessarily inorganic, may be includad in
this class if by experience or accepted tests
they can be shown to be capable of opera-
tion -at

155C

Maierials or combinations of matsrials such
as silicone efastomer, mica, glass fiber, as-
bestos, etc., wilh suitable bonding sub-
stances suchas eppropriale silicone resins,
Other materials or combinations of mate-
rials may be included in this class if by ex-
perience or accepled tests ey can be
shown to be capable of operaticn at

180C

2200

Malerials or combinations of materials
which by expsrience or accepted tests can
be shown 1o be capable of operation at

220C

Over

220C
{class
C)

Insulation that consists entirely of mica,
porcelain, glass, quartz, and similar inor-
ganic materials, Olher materials or combi-
natlons of materials may be included in this
class if by experience or accepted tests
they can be shown to be capable of opera-
tion at temperatures over

220C

362

NOTES:

1. Insulation Is considered to be "impregnaled” when a suit-
able substance provides a bond between components of the
strueture and alsoc a degres of filing and surface coverage
sufficient to give adequate performance under the axtremes
of temperature, surface contamination {meislura, dirt, atc.),
and mechanical stress expected in service. Tha impregnant
must not flow or deteriorate enough at operating temperature
so as to seriously aflect parfiormance in service.

2. The slectrical and mechanical properties of the insulation
must not ba impaired by the prolonged application of the
limiting insulation tempsrature permitied for the specific in-
sulation class. The word “impaired” is hare used in the sense
of causing any change which could disquality the insulating
material for continucusly performing its infended function
whether creepage spacing, mechanical supponr, or dielectric
barrier action.

3. In the above definitions the words “accepted tests™ are
intended to refer to recognized Test Procedures established
for the thermal evaluation of materials by themselves or in
simple combinations. Experience or lest data, used in clas-
sifying insulating materials are distinct from the experience or
test data derived for the use of materials in complete insula-
tion systems. The thermal endurance of complste systems
may be determined by Test Procedures specified by the
responsible Technical Commitiees, A material that is clas-
sifisd as suitable for a given temperature may be found
suitable for a different temperatura, gither higher or lower, by
an insulation system Test Procedure. For example, it has
been found that some materials suitable for operation at one
temperature in air may be suitable for a higher temparature
whan used in a system operated in an inert gas atmosphere.

4. It is imporlant to recognize that other characteristics, in
addition to thermal endurance, such as mechanical strength,
moisture resistance and corona endurance, are required in
varying degrees in different applications for the successhul
use of insulating materials.



















































Specific Applications

Comparisons with Other Motors

Sefection and Application Factors

Fiinred fov aclusked ) whess hegh paa 30 2Teagy prmen 4160y of
a2} 20 a3t dasgem i) (N0 15 79 mirch o tqumed
Eudnt diive wr awcasth Cativgd spplemy

Hepuer yBugiendy, d3mpa g, Eeet eleching o7 Lo {84 402008 Lhan gompy -
Ty de Conltol MEled L EHCE A very e power apalicaliony

Fur mace B0 1hgn sleppit dierd

e e e iy Canlial et than olher medes fypan

Salett for sale operateon wilk gecepiyble tomperature sy

Ghech aperating condiliony bof Rboupl 22013 o feverdals mhidh can
demapaetize Pl liedds.

Chieh lor altifude or emvisonment
10,00 RPK.

High stull curmeats avn drawn on eHiziem o Mugh-paed sustors

Lom- allpul-impedact HCUtBA [ontwl sequined 10 alibhe whireot
maoter damping.

iffecly on Beuihd L, Bapettepllp tvre

Frequently used in bquipment incorpaotafing gy
Fancrhe shaps 3 ugmibcent 230wl in grte punbinly
Grees Wmooli, nctonbes g ¢ ool

uch sapher (has chnlinusat rolMenn lergueis mith o mimud
aminel W

Surlabie Bpr ditwel-drivt, wigelgnd, Wi gh-sccurscy mechanical eaabipl,
Similnr wide-anghe brushhst taehometers avnilabla.
Reuuiras high-pomer driving ampi

Highest precision militany g Nefdpnce Npplications
Arlenna positioning wnd feacking 16 within seconds o 2.
Ubd I with super-eceurnln mudhpsle resolvery,

Whoe response band usetul s high-ncewracy sable plaiime
Usett with ppros, rate bablen

Supphies maz! pregisd tontaol, smaalh, And Accuishe Wiching far
epntivudu-rolalibh ppglications,
Requiges higher paweted Imps compared with paseed wady

il diewct cowpling be |03d prelarad.
Pl ympd prferred for il covinal e

Smpl & arals fand wes on ompulys perimhnals like Lipe
dnvey ent ood eesmder
E€ustnel eonired und aulanabie pophiantions,

Fasier reapoase tNan Hen o1 mators,
Excethest brush ke,

Lowef sharling wil
Much mere efficient

. Himeted onty by brush friction
har steppas ooteds.

Recomimended for lem copging. fow starting veltage, tast rerponse
ppilcations.

Redor Wb wp quickly.

Thermed \ranzients 3nd haat remowsl can b porlasd Pactort.

Lenge, b'pbegurformance woits can be opaning

Low army kEsie fhdectunce peaity communalion of waey high cuirent
Lo L

Ut 0L Ep pule- periphana b dovve ) {foo py dics, card meadertl whiie]
T dpte miaad TEapn s kmity

ampn} promadnd By dhviog shecineanty

Zample e tond sBMemplree bo haesd peuhoas s m pomtionang egpy-
dia herdy

Ean bk wid o choand - loow appicaliong

mer putpedl 10 rifhcieacy gttty wary b A rrwd wilk ge conlrat
malers

Crre requined w39 3hcation.

Perteimangs d4panden] o0 Heclioaic e Eiltuilry.

Heal dissipathen § possibiy probies.

AL certuin palsd FRERY fEs0nances £an occor whith Ieduce kad-hasdling
capattity.

boad irertly reduces pardormance.

Friction taa [mppre damping.

Dempisy, feading 304 mechanacal couphngl seqnice special Hinalim.

Proveles viry kow <011 apen -feep coalrol (o achugiod 3ient

Cogging tergue refincted {hrough genr fiain mighl tbviale brake
Fagmitadly

Wty faedhi e By reired. con B used wiih aglical mcremental
encoder Jercs,

Ethgieacy of shall power peseraiin 13 kn.

Wore Bentile than cempasable miany

Simre and 7 iva 2l 144
drbud,

Hurdray higher boad inestin than vaslgbla-ifectanca s1eppae end kay
barier damping.

n of wida-3peigsrangy

Chonsa where special donlrel characteristics are pralaried ovar
ehiaclency.

Chech for resomanean it all putse rates.

Gearing can requite ki Te valety margins becauss slimpatts inberantin
1lapper aperation, .

Coupding compliunces ian Belp in accrlerating beed jngis, bel nikth-
figral 18308 NREED ¢BN be intraduced

Driver-carcuit desigs oo eirtical.

Sramdard drivwey gresiiable,

Usetul in T apphiepribns o high-reladility compyl sympeenl
Tor hagh aNi1pBE, seype-eWiDamiat JpDNES ions whesr Wuskes
Rl

Lesy pifichent Phan byye bitabless mptas wning slectionke commylaten.
Wowg campler, erpencive At nouwr Thet breth-Type domolory.

154 300 abbe for conlrod han sihes & typey.

Yery tong Life wilh proparty detigned iveter.

Irovecied £an b sepasdie o gachaged sin molor,

High Fire-tifcuit spkas. .

EMl penerstion, wilh Sulky fiter copacitoes required fie aup passion,

SCR inyerters prefected in huphar power uses, but transistoc dnvpriars are
Lhsier 30 swilch and more feliadhe,

Power-sUpply capaciioes fan b regquitet and mush withe? and 1apply
Iransients,

téerl fe ugh-aliifude hany

Seitable fod pumps whetg Huolam the auga dods nol segehgpnliy
Sepsade o aLpa

Uzed i vady Biph-3paed ®aching 151

Wor eflitesl, pasies 18 canliol, penerabe isi LA than inverter- by
ot

Coommasd Whing 1y nyvriac s £k b wred fe o praed conliod reverSing
cunest 463 1o goe iy wriddul & Sepatir conlreller, uriie ot

ey
Dretivers higheat suslaimed oulpul in g tese padiage ser

o be pathaged
Hagh pe sk bine carrenrs
Bully lioe-fitter requanes ol LWl 13 ) picbiem

Peartl-5uppy Capaciteds saykd be requiied.

Mhth prepely desigted etecireabs, dite is imiled only by bendags,
Trperatwess caa sed fienids 19 4890 Eormmulabion 3enses.

iy o4 wilkin meie hauging

Enstimment 1ervas for maitdry apphoafions_

A0 He carner leads (o hoghar 1 pomen, mater ethieney ang
smalier e

Durves ciahs, Teedback transdudery 1nd mechanical devces

Fietyaently simpler than all-glegttarie spstems i apphcations
ruquifing only putpul diplags

EHiciancy, powi dulgul and gvericad capamiliny #e poar Lompaied with
gr devices

Surtable for very law-piwer applications becaude Ihst 15 v brush
Inction and 1235 teging

Dldee dasipn; go0d peaven wmi ) prnerally pepilysle

o priticak applecatians, die Laghomrler dampaar betaase b cal
Baeging vy parelable and cetwort Gacping Aifioul o spaty

Hequocd 37 phase shile 05 beal upphpd by biee combiol am).

M held-Capacdar phase shilt suly gomvament [0 very small motpes,

Wik Ireld pames Reeps onits bl eved while idling

Usalyd i dma memary i, which seqwier unidarm, qog-ired
Loque, wery clogs bales dnces, Ireedum from bessing play and
minimiam speed modulatian

Wipd in precision gyre dnves

Somewhal l833 eMicwnt fhan salient-pote synchronguy Machines of
cilbar wound-fidld or P construction.

Lets hunting Lhan obher types of synchrondus malaly

Simpler than phasy-leck drives

High effighincins amporiaal dar compular apalications

Low power iyctors Jead to high ingu! canears,

Higher pawee Jastors available in pingle phase capacim veniony_
Senmiict boinpul harmoaes.

Canaetlpale bigh-inetia liads

Db s oci Wawe 9§ wpdened pactoduralion angle.

PIheag briet Mark bow MG Weimal Capatas (o 2UEF e head five of Cates bt 2000w
Toaarse Ihe Lreperatmie of 3 1 Jb doraatoie by 0 0 %c (1hat vabuey £20 be soilally

propurioeed

(Reprinted from “Motor Compatison Charl,” EON, August 5, 1978, pages 97-99, courtesy EDN.)

379































































&
Abbreviations, semiconductor, 166-
170
Absolute value amplilier, 185
Acceleration, 266, 299
gravity, 337
Acelates, 347
Actylics, 347
Aclive devices, characteristics, 171
Aclive filter circuit, 186
Active notch filter, 186
Actual power/apparent power, 90
Advanced license, 62
Aeronautical frequencies, 9
mobile band, 9
Air cooling, 385
Air density, 337-339
Alr flow, 385
Alr traftic contral frequencies, 11
Ajrspece transmission line, 38, 39
Alkyds, 349
Alphabet, internationat phanetic, 65
Alernating sing wave, 260
Alternating square wave, 260
Allitude, 337-339
Altitude chart, 337
AM., B8, 87
AM radio broadcast lrequencies, 5
Amateur exira licerse, 62
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Index

Armateur operalor license, 62
requirements, 62
Aminos, 349
Amplifier
JFET transistor, 112
low-end, 107
negative feedback, 210
operational, 182
performance characteristics, 106
push-pufl, 211
RC-coupled, 107, 110, 111, 113
square wave, 106
Amplifier gain, 212
Amplifier noise, 80-B2
Amplifiers, classification, 206
Amplifying tubes, European, 215
Amplitude modulation, 66-67
AN nomenclature, 320-323
Angles, 250
Angular resolution, 227
Antanna
biconical, 33
biconical horn, 33
coaxial dipele, 33
dipole, 33
lolded dipole, 33
helical. 33
horn, 33
microwave, 36

parabolic, 33

rhombic, 33

turnstile, 33

varlical full wave loop, 33
Antenna aperture, 36
Antenna bandwidth, 32-35
Anlenna effectiveness, 37
Antenna sfficiency, 37
Antenna gain, 36
Antenna impedance, 32-35
Antenna patiern, 32-35
Antenna polanization, 32-35
Antenna relerence charts, 32-35
Apparent power, 30
Appliance wiring, 364
Applances, powar consumption, 381
Arc resistance, 350
Areas, 248
ARRL word list, 65
ASCIl code, 371
Aspect ratio, 22
Astable mulivibrator, 180, 181
Atmosphere, properigs, 337-340
Atrmospheric layers, 340
Atlenuation

crossover network, 116

VSWH reduction, 48
Attenuation faclor, 105
Atlenualion respanse. 117



Attenualors, 72-74

bridged-T, 72-74

H, 72-74

lattice, 72-74

0, 72-714

pi, 72-74

resistive, ¥2-74

U, 72-74
Atto, 233
Audibility threshold, 316
Audio line table, 365
Automatic gain control amplifier, 186
Automatic landing syslems, 11
Avalanche diode, 162
Average velocity, 286
AWG, 360
Azimuth, 30
Azimuth error, 25, 30

8

B & S gauge, 360
Back diode, 162
Backswing, 255
Balanced wo-wire lines, 39
Bandpass amplilier, 185
Bandpass filler, 144
Bands, 5
Bandwidth, tuned circuit, 114-115
Baudol code, 369
Beacon frequencies, 11
Biconicel antenna, 33
Biconical horn, 33
Body resistance, 318
Breakdown, spark gap, 366
Bridge

Hay, 158

Maxwell, 158

Owen, 158

Shering, 158

Wheatstone, 158

Wien, 111, 158
Bridge circuils, 158
Bridge voltage doubler, 151
Bridged H attenuator, 72-74
Bridged T attenuator, 72-74
Broadcast antenina, 36
Broadcast array, 34-35
Broadcast frequencies, 5

c

Cable insulation, 361
Calcium, 326
Candlepower, 306, 309, 219
Candles/square centimeter, 309
Candles/square foot, 309
Candigs/square inch, 309
Capacitance, 285

effective capacitence of, 159

reactive, 94-97
Capacitance bridge, 158
Capacitive coupling, 104
Capacitive reactance, 94-97

Capacitors
ceramic dielectric, 324-325
color codes, 321
energy storage, 88, 89
irequency characlersistic, 10¢
self-resonant frequency, 93
values, 79
Capacity, 374
KVAR, 92
Cardioid, 244
Cascade voltage doubler, 151
Cascade voltage tripler, 151
Cascaded amplifier, 219
risetime, 209
Cascaded stages, noise tigure, 219
Catenary, 245
Cathode feedback, 213
Cathode follower, 212, 214
circuit, 172
Cathode ray iube phosphors, 331
Cellulgsics, 347
Celsius, 351, 354
Centi, 233
Centigrade, 351-354
Centimelric waves, 5
Cesium, 326
Characteristics of active devices, 171
Charge, 285
Charge density, 285
Chassis wiring, color codes, 320
Chebyshev altenuation response, 117
Chiorinated polyethers, 347
Circle, 244, 388
Circuit components, 372
Cissoid of Diecles, 245
Citizen's radle frequencies, 10
Class A amplifier, 206-207
Class A insulation, 3&2
Class AB amplifier, 206-207
Class B ampiifier, 206-207
push-pull, 211
Class B insulation, 362
Class C amplifier, 206-207
Class C insulation, 362
Class F insulation, 362
Class H Insulation, 362
Class O insulation, 362
Class 220 C insulation, 362
Classification of emissions, 66
Clipped sawtooth wave, 250
Clipped sine wave, 260
Clystron wire leads, 320-321
CML, 180
Coaxial antenna, 33
Coaxial cables
atlenuation, 40
characteristics, 40
signal delay, 150
Cobalt, 326
Code
555, 60

International Marse, 59
mneamonic, 55-58
Q, 55-58
radio telephane, 59
signal reporiing, 60
SINPO, 60
Coil design, 83
single |ayer, 83-84
Colinear array, 35
Color codes, 260-261
Color scale, temperatures, 359
Comb filter, 146-147
Commercial radio operator license,
63-64
requirements, 62
Common base circuit, 172, 173, 175,

178

Common collector eircuit, 172-173,
175-179

Common emitter circuit, 172-173,
175-179

Communication modes, 21

Complementary silicon controlled rec-
tifior, 164-165

Complementary transislor logic, 190

Complemeniary unijunction transistor,
164-165

Component color codes, 320-323

Camponent MTBF, 222

Compaonent toleranges, 79

Component values, praeferred, 79

Concentric transmisslon line, 38

Conditional license, 82-84

Conductance, 374

Conductivity, 874

Conductars

capacitance of, 392
resistance of, 392

Cone, 248

Contidence level, 226

Constant current source, 183

Constant K network, 144

Constant-resistance network, 116

Conslants, 389

Contacts, 373, 393

Control marking, foreign equipment,
ars

Conversion factors, 287-299

Cooling, 385

Copper conductors, 388

Copper wire tables, 360

Corrosion, 346

Cosmic rays, 4

Crossed field devices, color codes,
az22

Crogsover network, 116

Crystal cuts, 329-330

Crystal displays, 191

Crystal osciltator, 185

Crystals, 327-331

CSCRH, 164-165
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CTCs, 12
CTL, 180
Cube roots, 236-237
Cubes, 236-277
Cubical parabola, 244
CUJT, 154
Current, 285, 374

density, 285

motars, 377
Current injector circuit, 182
Current mode logic, 190
Current-to-voltage inverter, 183-185
Cutoff, waveguide, 46
Cut-off wavelength, 46

0
da, 233
D/A converter, 186
dB, 262-263
dBm, 262-263
DCTL, 180
Deca, 233
Decametric waves, 5
Decay time, 255
Deceloration, 288, 386
Deci, 233
Decibsl conversion, 262-263
Decibal nomogram, 264-266
Decimetric waves, 5
Decimilimatric waves, 5
Definltions, 192-208
Dolay line, 149
Censity, air, 337-339
Deviatlon, 22
Diac, 164-165
Ciagram symbols, electronic, 370
Diallyl phthalates, 345
Olelectric constant, 150, 350, 374
Dielectric displacement, 284
Dieleclric strength, 350
Citlarentiation, 182
Bit{raction
knife edge, 21
plaln surface, 21
rough surface, 21
Diode, 163
Diode power requiraments for swilch-
ing power supplies, 152
Diods transistor logle. 180
Dipole antenna, 33
Direct-coupled transistor logic, 190
Discomforl index, 358
Displacement, electric flux denslty,
374
Dissipation factor, 350
Doppler frequency, 50
Doppler navigation, 11
DCoppler to speed conversion, 49
Doubler, voltage, 151
Dry bulb thermometer, 355-358
OTL, 190
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E
ECL, 180
E1A Designations, 324-325
ElA Standard Tone Frequencies, 12
Effective impedance, 99
Effectiveness, antenna, 37
EHF, 4-5
EIR nomogram, 101
Elastance, 374
Electric current, etfect on the human
body, 318
Electric dipole moment, 285, 374
Electric fizld densily, 285, 374
Etectric flux, 374
Electric polential, 285
Electric waves, 4
Electrical charge, 374
Electrical equipment power consump-
lion, 381
Eleciromagnelic spectrum, 4
Eleciromagnelic units, 284, 285
Electromagnretic waves, propagation
characterislic, 20
Electron volls, 304
Elestronic symbols, 370
Electronics and lelecommunicalion,
372-374
Electrosiatic series, 345
Elemenis, metallic, 386
Elevation, 30-31
Elevation error, 30-31
ELF, 4
Elipse, 244
Elipsoia, 247
Elliptical atlenuation response, 117
Emission classification, 66-67
Emitter-coupled logic, 190
Encoders, 227
End firs array, 35
Ensrgy, 285, 286
conversion, 302
conversion factors, 391
work, 374
Energy storage capaciior 88-83
Epoxies, 348
Equal loudness curves, 316
Equilaiaral hyperbola, 244
Equivalent resistance, 91
European semiconducior numbering
system, 189
European tube numbering syslem,
215
Eutectic temperalure, 287
Exponential curve, 245
Eye, 326
Eye hazard, iaser, 303
Eye spectrosensitivity, 326

F
Factorials, 241
Fahrenheit, 351-354
Failura rate, 223

Feedback, cathode, 213
Femilo, 233
Field density, 54
Field intensity, 54
receiving antenna, 25
Field power conversion, 54
Field strength, 54
Fislds and circuits, 272-275
Fields/second, 23
Figure of merit, 114
Filter
comb, 148, 147
design, 117-143
high pass, 117
low pass, 117
twin-T, 75-77
Final velocity, 286
Fire control frequencies, 11
First class radio telegraph license,
63-64
First class radio telephane license,
63-64
555 code, 61
Fioating load circuit, 185
Fluorescent display, vacuum, 181
Fluorocarbons, 276, 347
Flux density, 285
Fi radio frequancies, 5
Folded dipele antenna 33
Fool-candles, 306-307, 309-321Q
Fool-lamberts, 314
Force, 285, 286, 374
Foreign equipment terminal and con-
trol markings, 377
Foreign voltage guide, 396
Forward power, transmission line, 47
Fourier content, 261
Four-leaved roses, 245
Frames, 23
Free fall, 383
Free space, cutaff, waveguide, 46
Free space frequency, 46
Free space transmission, 24
Free space wavelength, 46
Frequencies
aeronautical mabile bands, 8-9
broadcasting, 5, 10
titizen’s radio, 10
remote control, 12
ship station, 10
shore station, 10
TV channels, 6-8
Frequency bands, 5
microwave, 11
Frequency bridge, 158
Frequency characteristics
capaciors, 100
inductors, 100
resislors, 100
AL and G, 100
Frequency divider, 185
Frequency modulation, 66, 67



Frequency nomograph, 258

Freguency-period conversion, 256

Frequency selective networks, 110-
113

Frequency-wavelangth conversion,
17

Full load current, motors, 377

Full wave, 261

Full wave vollage doubler, 151

Full wave voltage guadrupler, 151

Functions of angles, 250

Fusing current, 264

G
Galvanic series, 346
Gamma of picture signal, 23
Gamma rays, 4
Gas discharge, 181
CGases, 392
Gate definitions, 197
Gereral license, 62
Geoalerts, 16
Geometric curves, 244-245
(Geometrical horizons, 28
Ciga, 233
Gold, 305
Graphic symbols, 370
Greek alphabet, 257
Ground to ground communication, 21
modses, 21
Grounded cathode circuit, 172
Grounded grid circuit, 172

H

H parameter, 176, 177
H type attenuator, 72-74
Hali lite, 305
Half wave, 261
Half wave voitage guadrupler, 151
Hardware, 400
Harmanic distortion, 234
Harmonic rejection, 234
Harmonics, 234
Hay bridge, 158
Haat, 270-271
Heat-sink thermal resistance, 395
Hacto, 233
Hectornetric waves, 5
Height, 286
Hellcal antenna, 33
HF, 4-5

propagalion, 20
High altitude chart, 337
High frequency current, 98
High frequency Inductance, 8BS
High frequency Inductance wire, BS

High-pass active {llter, second order,

186
High-pass netwark RC, 110
Holes, equally spaced, 399
Horn antenna, 33

Human ear, 186

Human eye spectrosensitivity, 326
Humnidity, relative, 356-357
Hyperbola, 244

Hypocycloid, 245

I
IC logic tamilies. 190
IER nomogram, 101
uminance, 308
llluminalion units, 309
Impedance
paraliel connected AL and C, 99
series connecled AL and C, 99
two-wira lines, 39
Impedance malch power loss, 157
Impedance mismailch power loss, 157
Impedance ralio, ransformer, 88-89
Impadance transformer, 86
Incandescent display, 191
Incandescent lamps, 314
Indicators, radar, 30-31
Indium, 305
Inductance, 285
Inductance bridge, 158
Inductive capacity, 285
Inductive reactance, 94-97
Inductor values, preferred, 79
Inductors, frequency characleristics,
100
Infrared, 4
Infrasonics, 4
Initial velocity, 286
Insulating materials, temperature
classification, 362
Input VSWRH, 48
Integrated circuit logic families, 190
Integrated circuit definitions, 192
Integrated circuit properties, 171
Integrated voltage regulator, 162-163
Integration, 182
Interlace. 23
Imternalional Morse code, 59
|nternational phonelic alphabet, 65
international television standards, 22
international ime map, 336
Interplanetary lransmission time. 65
ladine, 305
Iron, 305
Isctope, 32-35, 246
IVAR, 162-163

JEDEC, 331
Jupiter, 65

K
Kelvin, 353-354
Kilo, 233
Kilormelnc waves 5
KVAR, 90, 92
KVAHR-capacity, 92

L

L. type attenuator, 72-74
Lambert, 311
Lamp life, 319
LASCR, 164-165
Laser, 4, 303
beam width, 303
eye hazard, 303
output energy, 303
radiation, 304
Laliice type atenuator, 72-74
LED, 304
Lemniscate, 244
Length, 374
Lefter code, micrawava
frequancies, 11
Letter symbals, 166-170, 267-277,
278-283
LF, 4-5
LF propagation, 20
License requirements
amateur operator, 62
commercial operator, §3-64
Light, 271, 272
Light activated SCR, 165
Light emitting diods, 190
Light sources, 245, 304
Light waves, 4
Lightning activity, 341
Limacen, 244
Ling of sight, 21
tine-of-sight transmisslon rangs, 28
Linaar charge density, 374
Lines/trame, 23
Lines fsecond, 23
Liquid crystal, 191
Liquids, 392
Liquids, densities of, 386
Lissajous figures, 252-253
Load VSWR, 48
Logarithm, factorials, 241
Logarithmic curves, 245
Logarithmic transconductor circuit,
185
Logic definitions, 187
Logic devices, 372
Loudness level, 316
Loudspeaker crossover networks, 116
Low-end ampilifier response, 107
Low-pass agctive filtar, second order,
183
Low-pass natwark, AC, 110
Lumen, 311
Lumens/square centimetsr, 311
Lumens{square foot, 311
Lumans/square meter, 311
Luminance spectrum, 313
Lux, 311

M
m-derived natwork, 116
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Machines, 277

Magnetic charge, 374

Magnetic dipole moment, 285, 374
Magnelic field intensity, 284, 374
Magnetic field strength, 334
Magnetic fiux, 285, 374

Maganetic llux density, 374

Magnetic force, 374

Magnetic induction, 374
Magnetization, 374

Magnetomotive force, 285, 374
Mars, 65

Mass, 288

Matching pad, minimum lpss, 78
Mathemnatical oparations, 240
Mathematical signs and symbols, 239
Maxwell bridge, 158

Mean time belween failures, 222-225
Mechanics, 269-270

Mega, 233

Memories, semiconductor, 217
Metal oxide semiconductor logic, 190
Metallic elements, 386

Metric prefixes, 233

Melric weves, &

MF, 4-5

MF propagation, 20

Micro { 1), 233

Microelectronics lerms definitions,
192-205

Microphone ocutput, 668-69
Microwave antanna, 36
Microwave circuits, 373
Microwave frequency band, 11
Milltary designations, 324-325
Military nomenclature, 332-333
Milli, 233
Millimeiric waves, 5
Minimum attenuaiion, slotied ling, 45
Minimum loss, matching pad, 78
Mnemonic code, 56-58
Modulator-demodulator, 185
Molecular weight, 337
Moon, €5
Menoslable multivibrator, 180-181
Morse code, 59
MOSL, 180
Motor characteristics, 378
WMotors, full load current, 377
MTBF, 222-224, 226
Muitipliers, voltage, 151
Muitivibrator

astable, 180-181

monostable, 180-181

symmetrical, 180-181
Multivibrator design, 180-187
Myriometric waves, 5

N
Nano, 233
Nalional Bureau of Standards, 14-16
Natural rubber insulation, 361
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Navigation antenna, 36

Negative feedback, 210

Neon lamp, 304

Neoprene insulation, 361

Metwork, pulse farming, 148

Noble metal, 346

Moise figure, 27, 218
raceiver, 27

Moise power/signal power separation,

53

Noise-signal separation, $3

Neise voltage, thermei, 80-82

MNotch filler, 186

Novice license, 62

npn transistor, 162-163

Nylons, 347

0

O type atlenuator, 72-74
Ohm's law, 101

nomogram, 101
Operational amplilier, 182-187

terms, 187
Optical horizon, 28
Optics, 4
Optimum reverberation time, 317
Oploelectronic devices, 371
Oscillator

crysial, 186

Wien bridge, 186
Overvoltage clamp circuit, 185
Owen bridge, 158

P
PAM, B7
Parabolic antenna, 33
Paraboloid, 247
Paralle] circuit, 85
Parasitic array, 34
Parylenes, 348
Passive LC filter design, 117-143
FCM, 687
FDOM, 67
Peak follower circuit, 184
Period- Irequency conversion, 256
Permeability, 265, 374
Permeance, 374
PFM, 67
Phase angle, 258
Phase modulation, 66, 67
Phase shift, 105
RC network, 105
Phenolics, 348
Phonetic alphabet, 65
internatlonal, 65
Phosphor characteristics, CRT, 331
Fhotometry, 306-307
Photon energy, 304
Photoreceptors, 304
Phatot ansistor, 164-165
Physical constants, 389
Physicat uniis conversion, 374

Pi iype alienualor. 72-74
Pico, 233
Plastics, 347-350
PM, 67
pnp transistor, 164-165
Polar-rectangular conversion, 242-
243
Potarity separator circuit, 184
Polarization, 374
Polarization, antenna, 32-34
Folyallomers, 348
Polyamide-imides, 348
Polycarbonates, 348
Polyesters, 348, 349
Polyethylenes, 348
Polyimedes, 348
Polyphenylene oxidas, 348
Polypropylenes, 348
Polystyrenes, 348
Polysulfones, 347
Potential, 374
Power, 374
rotation, 376
units, 285
Power consumption of elactrical
equipment, 381
Power density, 53
Power engineering, 277
Power factor, 91, 350
RAC network, 91
AL network, 91
Power factor correction, 90
Powaer loss, impedance mismatch,
157
Power supply regulation, 156
Power supply swilching, 152
Powers of numbers, 235
Powers of two, 238
PP, 30-3
PPM. 67
PPM/?C, 339
Predistartlon, 255
Pre-emphasis, 23
Pressure, 337-332
FAF, 91
Printed wiring boards, 388
Printers, 367
Probability curve, 245
Probability of success, 225
Programmable unijunction transistor,
164-165
Propagation, 20
Propagation characlerislic, ¢lectro-
magnetic waves, 20
Propagation torecast, WWV, 14-16
Propagation velocity, 41
PTM, 67
Pulse-amplitude modutation, 67
Pulse-code modulation, 67
Pulse definitions, 255
Pulse-duration modulation, 67
Pulse-forming network, 148



Pulse-frequency modulation, 67
Pulse interval, 30-31

Pulse modulation, 66-87

Pulse parameters, 254
Pulse-position modulation, 67
Pulse repetition frequency, 254
Pulse risetime, 254
Pulse-shape modulation, 87
Pulse-time rmodulation, 67
Pulse width, 148

Push-pull amplifier, 211

PUT, 164-165

PVC, 381

Pyramid, 246

Q, 114-115

Q signal, 55-58
Quadrupler, voltage, 156
Quartz crystals, 327-330

R
Racan, 11
Radar
antenna, 36
frequencies, 11
indicators, 3G-31
power, 29
power-enargy, 29
Radiation, 305
and height, 271-272
spectrum, 4
Radioactivity decay curve, 326
Radio astronomy, 36
Radio operator license, 62-64
Radio telephone code, 53
Radio waves, 4
Radiometry, 36
Range, on radar indicators, 30-31
Rarkine, 353
RC coupled amplifier, 111
A-C coupling, 105
R-C filters, 75-77
R-C high-pass network, 110-111
R-C low-pass network, 110-111
R-C time constant, 108-109
RACTL, 190
Heactance
capacitive, 94-97
inductive, 94-97
nomaograrn, 94-97
Reaumur, 353
Receiver bandwidih sensitivity-noise
figure, 27
Receiving tubes, European, 215
Hectangular polar conversion, 242-
243
Rectangular wave, 260
Hectified sine wave, 260
Rectifier, 162-185
Rectifier diode symbaols, 166-167
Redundancy, 225

Reflected power, transmission line, 47
Heflection coefficient, slotted line, 44
Regulation, power supply, 156
REl nomogram, 101
Relative humidity, 355-357
Relay contact code, 383
Reliability, 222-224
Retuctivity, 374
Rernote control frequencies, 12
Repetition rate, 29
Resistance, 350, 374

units, 285
Resistance bridge, 158
Resistance-capacitance coupling,

105
Resistive attenuators, 72-74
Resistivity, 350, 374
Resistor capacitor transistor logic, 190
Resistor-coupled transistor logic, 190
Resistor frequency characteristic, 100
Resistor values, preferred, 79
Resistors, color code, 321
Resistors, eflective resistance of, 159
Resolution, hurmnan eye, 308
Resonance bridge, 158
Resonant frequency, capacitors, 93
Resltricied radio telephone permit,
63-64

Reverberation, 317
BF band, 23
RF penetration, 98
RG cable, 40-41
Rhombic antenna, 33
Risetime, 148, 255

cascaded amgplifier, 208-209
Rorman numerals, 257
RST code, 60
RTL, 196

§

Sample and held circuit, 184

Satellite antenna, 36

Sawlooth wave, 260-261

SBS, 164-1865

Scaling, 182

Schmitt trigger, 186

SCR, 164-165

SCS, 164-165

Second class radio telephone license,
63-64

Second-order high-pass active filter,
186

Second-erder low-pass active filter,
186

Second-order transfer function am-
plifier, 186

Self-resonent frequency, capacitors,
a3

Semiconductor devices, color code,
322-323

Semiconductor memories, 217

Semiconductor numbering system,
European, 189
Semiconductor symbols, 166
Semicubical parabola, 244
Sensing Technologies, solid-state,
216
Series circuit, 99
Shafl angle, 227
Shering bridge, 158
SHF, 4-5
propagation, 20
Shielded pair transmission line, 38
Ship and shore station frequencies, 10
Ship station frequencies, 10
Shock, 318, 383
Shorting stubs, 42
Signal Analysis Center, 117
Signal delay, coaxial cable, 150
Signal diode symbols, 166
Signal level, additions, 52
Signal level, in phase, 52
Signal power/noise power separation
nomogram, 53
Signal reporling codes, 60-62
Signal strength nomogram, 25
Signs, mathematical, 239
Silicon bilateral switch, 164-165
Silicon contrafled rectifier, 164-165
Silicon controlied switch, 154-185
Silicon unilateral switch, 164-165
Silicones, 350
Sine wave, 260
Single-layer coil design, 83, 84
SINPFEMO code,61
SINPO code, 61
Skin resistance, 98
SLF, 4
Skotted line
minimum alenuation, 44-45
nomogram, 44
reflection coeflicient, 44
widith of minimum attenuation, 45
VSWR, 44
Solder, 387
Solids, 246, 386, 392
Sonics, 4
Sound
intensity, 314-315
intensity level, 314-315
modalaion, 23
pressure, 314-315
velocity of, 392
Space and time, 268-269
Spark-gap breakdown, 3566
Speaker crossover netwoik, 116
Speaker line length, 365
Spectral sensitivity
human eye, 326
photoreceptors, 326
Spectrum, electromagnetic, 4
Speech recognition, 218
Speed, 376
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Sphere, 247
Square wave, 106, 260-261
mullivibrator, 136
Squares, 236
Standard frequency broadcast, 14-16
schedule, 14-16
Standard time broadcast schedule,
14-16
Slereo pickup [eads, color code, 322,
323
Subtraction circuit, 182
Summing amplifier, 182
Surface charge density, 374
Surface current density, 374
SUS, 164, 168
Swiiches, 373
Symbols, mathemnatical, 239
Symmetrical muttivibrator, 180-181
Systemn MTBF, 222

T

T-equivalent circuit, 177, 179

T parameter, 178-177

T-type attenualcrs, 72-74

Target tracking frequencies, 11

Technician license, §2

Teflon insulation, 381

Telecommunication, 275-277

Television frequencies, 5, 6-8

Television standards, international, 22

Temperature, color scale, 359

Temperature ¢onversion, 253-254,
338

Temperature-humidity index, 358

Ten code, 59

Tera, 233

Terminal marking, foreign equipment,
a7s

Thermal noise voltage, 80-82

Themmai resistan¢e charl, 402

Thermopiastics, 347-348

Thermoselting plastics, 342-350

THI, 358

Third class radic telegraph permit, 63,
B4

Third class radio telephone permit,
63,64

Three-leaved roses, 245

Threshold of audibility, 316

Thunderstorm activity, 341

Thyractor, 162, 163

Time, 268-269, 286

Time constant, 108-109

R-C, 108-109

Time delay, 257

Time map, international, 336

Time signal, 14-16

Torqus, 376

Torus, 247

Tracking frequencies, 11

Trailing edge. 255

Transformer, 88-89
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color code, 320-321
impedance, 86
nomogram, 86-87
turns ratio, 88-83
Transistor amplifier, 206-207
Transistor circuil
available power gain, 177
current gain, 177
input impedance, 177, 178
inserlion power galn, 177
operating power gain, 177
cutput impedance, 177, 179
power gain, 177
power requirements for switching
power supplies, 152
voltage gain, 177
Transistor symbols, 167-170
Transistor-transistor logic, 190
Transmission line, 38
altenuation, 40, 41
characteristics, 38
eleclrical degrees, 43
electrical length, 43
Transmission loss, 26
Transmission cutputfreceiver input,
26
Transmission path, 373
Transmission travel time, 65
Travel time-transmission, 65
Traveling wave lube, wired leads,
320-321
Tnac, 164-165
Triangles, 249
Triangular wave, 260-261
Triboekectric series, 345
Trigonometric functions, 251
Tripler, voilage, 151
TTL, 190
Tuned circuit, 110
bandwidth, 110, 114-115
Tungsten lamp, 305
Tunnel diode, 162-163, 170
Turng ratic, 88-89
Turnstile antenna, 33
Twin-T liller, 75-77
Two-wire line, 38, 39
TWT wired leads, 320
Types of radar indicators, 30-31

u

U type attenuator, 72-74
UHF, 4
hali-wave shoring stub, 42
propagation, 20
shoring stub, 42
talgvision frequencies, 5
UJT, 164-165
ULF, 4
Ultrasonics, 4
Unijunction transistor, 164-165
Unity lollower circuit, 184

LS. standard atmosphere properties,
337-339

v

Vacuum fluorescent display, 191
Vacuum fube amplifier, 206-207
Velocily of propagalian, 40, 41
Venus, 65
Vertlca! lull-wave loop antenna, 33
VHF, 4-5

propagation, 20

television frequencies, 5
Vipbration, 385
Video band, 23
Vinyls, 348
Visual polarity, 23
VLF, 4-5

propagation, 20
Voice farnily tree, electronic, 218
Voltage comparator circuit, 184-185
Voltage divider

capacitive, 102-103

resistive, 102-103

resistive-capacitive, 104
Voltage doubler, 151
Voltage drep nomogram, 363
Voliage follower with gain, 183-185
Voltage guide, foreign, 386
Voltage multiplication, 182
Voltage multipiier, 151
Voltage quadrupler, 151
Voltage source, 183-185
Vaoliage tripler, 151
Volume charge density, 374
volume current density, 374
VSWR, 37, 47

reduction, atlenuation, 48

slotted line, 44

W
Watt, 310
Waveforms, 260
Wavequide, 46
cutot, 46
lree space wavelength, 46
wavelength, 48
Wavelength bands, 5
Wavelength-freguency conversion, 17
waned cotton insulalion, 361
Weight, 286
Wet bulb thermometer, 355-357
Wheatstone bridge, 158
Width of minimum, 44, 45
Wien bridge, 111, 158
Wien bridge oscillator, 188
Wwind designations, 341
Wind map, 343
Windchill chart, 342
Wire fusing, 364
Wirg inductance at high freguencles,
a5















