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Fig. l—Radial line cavity assembIy.

were constructed of brass to the configura-
tion of Fig. 1. Center-of-band rejection was

at least 25 db in all cases: this was adequate
for our purposes. For greater rejection, elec-

tro-formed cavities are described by de
Loach should be adopted, and to broaden
the rejection band a number of cavities can
be coupled in series.

The author is indebted to the Managing

Director of G. and E. Bradley, Ltd. for per-

mission to publish this communication. He

also wishes to thank R. G. Amos and J. A.
Dodson for making the necessary measure-

ments.
M. A. R. GUNSTON

G. and E. Bradley, Ltd.
London, England

Correction to “Electrolytic Pointing

of Fine Wire”

In the above correspondence,l the final

line should have read 0.0002 inch instead of
0.002 inch.
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Timonium, Md.
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Microwave and High-Frequency

Calibration Services of the

National Bureau of

Standards—Part II

INTRODUCTION

Following the series of presentations on
microwave and high-frequency calibration

services of the National Bureau of Standards

which began in the July, 1964 issue of these
TRANSACTIONS, the services for the measure-
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ATTENUATION - OECIBELS

Fig. l—Microwave attenuation calibrations (rectangular waveguide).
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Fig. 2—High-freQuency attenuation calibrations (coaxial).

LOOP ANTENNA (MAGNETIC FIELO)

OIPOLE ANTENI
( ELECTRIC FIEL

I I I I 1 L~ I

101 ,.2 ,.3 ,~ 4 ,.5 ,.8 ,.7 lo~ ,.8

FREQUENCY- HZ

-.



1964 Correspondence 573

ment of attenuation and field strength are

presented below. As before, following the

listing of calibration services is a series of

charts (Figs. 1, 2, and 3) indicating the

magnitudes of quantities, the frequency
range, and the over-all estimated accuracy

of calibrations performed.

MICROWAVE RIZGION

201.940 Attenuation difference measure-

ments on variable attenuators.

a) Attenuation difference measurements

are made on step or continuously variable

attenuators usually with the zero dial setting

used as the reference position.
b) Attenuation measurements are made

for attenuation values from O to 50 db. This

range of attenuation values can be ex-

tended to 70 db in some frequency ranges.
c) Variable attenuators should have a

repeatability of dial setting better than
+0.1 db.

d) Variable attenuators should have a
\YNVR less than 1.1 at each waveguide port.

Item

201.940 a-l
201. 940a-2
201. 940a-3
201. 940a-4
201. 940a-S
201. 940a-6
201 .940a-7
201.940 a-8
201. Q40a-20

201 .940 b-l
201 .940 b-2
201 .940b-3
201 .940 b-4
201 .940b-5
201.940 b-6
201.940 b-7
201 .940b-8
201.940b-20

201.9402

Description

Measurement of attenuation difference of direct-reading variable attenuator at an initial pre-
scribed dial setting at a single frequency of the following wavegtude sizes terminated wltb
standard waveguide connectors.

WR284 (2.60-3.95 GHz)
WR187 (3.95-5 .85 GHz)
WR137 (5.85-8.2 GHz)
WR112 (7.05-10.0 GHz)
WR90 (8.2-12.4 GHz)
WR62 (12.4-18 .OGHZ)
WR42 (18.O-26.5GHZ)
WR28 (26.5-40 GHz)
Measurement of attenuation difference of direct-reading variable attenuator at each prescribed

dial settinx additional totheinitia ldialsettingat the same frequency and on the same at-
tenuator a= 201.940a-1 to 201.940a-8.

Calibration of dial setting vs attenuation difference for indirect-reading variable attenuator
at an initial prescribed-attenuation difference value at a single frequency of the following
waveguide sizes terminated with standard waveguide connectors:

WR284 (2.60-3.95 GHz)
WR 187 (3.95-5.85 GHz)
WR137 (5.85-8.2 GHz)
WR112 (7.05-10.0 GHz)
WR90 (8.2-12.4 GHz)
WR62 (12.4–18.0 GHz)
WR42 (18.0-26.5 GHz)
UTR?R (?6 5-A(I C.Fl.)., .;..
Cahbra .%- o~”d~al”&tting vs atten !ation difference for indirect-reading variable attenuator

at each prescribed attenuation difkrence value additional to the initial attenuation difference
value at the same frequency and on the same attenuator as 201.940 b- 1 to 201.940b-8.

%ecial calibrations not included in the above schedule.

201.941 Insertion loss measurements on

ji.xed attenuators.

a) Insertion loss measurements are made

on fixed two-port attenuators.
b) Insertion loss measurements are made

for insertion loss values from O to 50 db,

This range of attenuation values can be ex-

tended to 70 db in some frequency ranges.
c) Fixed attenuators should have a VSWR

less than 1.1 at each waveguide port.

Item

201 .941a-l
201.941 a-2
201 .941a-3
201 .941a-4
201 .941a-5
201 .Q41a.6
201 .941a-7
201 .941a.8
201.9412

Description

Measurement of insertion loss of fixed attenuator at a single frequency of the following wave-
guide sizes terminated with standard wavegulde connectors:

WR284 (2.60-3.95 GHz)
WR187 (3.95-5.85 GHz)
WR137 (5.85-8.2 GHz)
WR112 (7.05-10.0 GI~z)
WR90 (8.2-12.4 GHz)
WR62 (12.4-18.0 GHz)
WR42 (i8.O–26.5 GHz)
WR28 (26.5–40 GHz)
Special calibrations not included in the above schedule. —

HIGH-FREQUENCY REGION

201.840 Dissipative jixed coaxial attenu-

ators.

a) Dissipative fixed coaxial attenuators

normally are calibrated in a system having a
,-ha ra rtw-iqtir imnedance of 50+70 ohms.
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graded by any deviation or uncertainty in
this characteristic impedance, the types of
allowable connectors are limited. Precision

connectors having a known plane of refer-
ence or the Type N meeting Procurement

Specification M IL-C-71 or MIL-C-39012 are

required. All measurements are made by the
substitution method which requires that the

connectors used be asexual or the attenu-
ator have a male connector at one port and a

female connector at the other port. If an
adapter is required to comply with the fore-
going, it must be supplied with the attenua-
tor and the combination will be calibrated
as one unit. Attenuators having a VSWR of
1.3o or greater at either port are not accept-

able.
b) Maximum power to any attenuator

will not exceed 20 mw unless prior arrange-
ments for higher power levels have been

made.

Item

201 ,840a-1

201. 840a-2
201 .840b-l

201 .840 b-2
201. 840z

Description

Measurement of insertion loss of fixed attenuator at one of the following frequencies: 1, 10, 30,
60, 100, and 300 MHz. Range: O to 100 db.

Each additional attenuator at the same frequency and over the same range as item 201 .840a.l.
Measurement of insertion 10SS of fixed attenuator at any frequency between 300 MHz and

8 GHz. Range: O to 60 db.
Each additional attenuator at the same frequency and over the same range as item 201.840b- 1.
Special cahbrations not covered by the above schedule.

201.841 Dissipatit,e vai-iable coaxial at-

tenuators.

a) These attenuators are calibrated in
accordance with item 201.840 except that
the zero or other specified setting of the at-

tenuator is used as the reference. Because
only attenuation difference is measured,

both ports may have the same connector.

b) Variable attenuators must have a

repeatability of setting better than 0.1 db;

incremental attenuators must have a repeat-

ability of 0.01 db or better.

Item Description

201 .841a-l Measurement of one increment on dissipative variable attenuator m at one of the following
frequencies: 1, 10,30, 60, 100, and 300 MHz. Range: O to 100 db,

201. 841a-2 Each additional increment at the same frequency and over the same range m item 201 ,841a-1.
201.841 b-l Measurement of one increment on a dissipative variable attenuator at any frequency between

300 MHz and 8 GHz. Range: O to 60 db.
201 .841 b-2 Each additional increment at the same frequency and over the same range as item 201,841 b- 1.
201.841z Special calibrations not covered by the above schedule.

201.842 Waveguide below-cutoff (pzdon)

attenuators.

a) Waveguide below-cutoff attenuators
are normally calibrated in a system having a
characteristic impedance of 50 +jO ohms.

As only attenuation difference measure-
ments are made on this type of attenuator,
Type BNC, C, TNC, etc., connectors are
acceptable but precision type connectors are
preferred.

b) An insertion loss measurement at
the attenuator zero setting can be made.
Maximum power to any attenuator will not
exceed 20 mw unless prior arrangements for

higher power levels have been made.

c) Calibrations are performed at the f ol-
lowing frequencies: 1, 10, 30, 60, 100, and

300 MHz.

Sepfember
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Item

201. 842a-1

201. 842a-2
201.842z

Description

One increment on a waveguide belom-cutoff attenuator at one of the following frequencies:
1, 10,30,60, 100, and300 MHz. Rmge (including initial insertion loss) :upto llOdb.

Each additional increment at tbe same frequency and over the same range as 842a. 1.
Special cahbratlons not covered bytbe above ~ched&.

201.843 Coa.vial$xed di~ectional cot~plers.

Fixed directional couplers are calibrated in
accordance with item 201.840. Terminations
must be supplied for any arm not used dur-
ing a measurement.

Item Description

201.843 a-l

201. 843a-2

201 .843 b-l

201. 843 b-2

201.843z

Sinxleinsertion loss measurement between any two arms of acoaxml fixed directional couplcr
atone of the following frequencies: 1, 10, 30, 60, 100, and 300 MHz, Range, Oto 100db.

Each additional inwrtion loss measurement between any two arms at the same frequw,cy and
over the same range as item 201.843a-l.

Sinzleinsertion loss measurement bet\veen anyt\vo arms atanyfre~uency between3OO MHz
and S GHz. RanSe. O to 60 db.

Each additional insertion loss measurement between any two arms at the same frequency and
over the same range as item 201,843b-1.

S~ecial calibrations not covered by the above schedule.

201.84.4 Coaxial variable directional cou-

plsv’s.

a) Coaxial variable directional couplers

are calibrated in accordance with item

201.841. Terminations must be supplied for

any arm not used during a measurement.

b) Thechauge uncoupling tothesidearm
relative to the minimum setting on the de-
vice is normally measured.

Item I Description

201, 84.k-l

201 .844a-2
201. 844b-1

201. 844b-2

201 .844z

Single coupbng increment between inlmt and variable arm of coaxial varmble dmectional
couplerat one of the followin gfreg”encies: 1, 10, 30,60, 100, and 300 MI-Iz, Range (including
mltlal coupling loss): up to 110 db.

Each addltkonal incrementxt thesmne frequency and over thesame ranqeas item 201,844a-t.
Same measurement a~ m item 201,844a-1 at any frequency between 300 MI-Iz and 8 GHz,

Range (including initial cou~linz loss) :upto60db,
Same measurement asin item 201,?,44a.2 at the same frequency and over the same range as

item 201. S44b-1.
Special calibrations not covered by the above schedule.

Field strenpth meters. Field201.850. .,
strength standm-ds and field strength meters
are calibrated in terms of CW signals in the
frequency range from30 Hzto 1000 MHz.

Loop antennas are calibrated in the fre-

quency range from 30 Hz to 30 MHz, and
horizontally polarized dipole antennas are

calibrated from 30 to 1000 MHz. The mag-
nitude of the calibrating fields varies from

approximately 25 to 200 rev/m for IOOP an-
tennas, andapproximately50 rev/m ford-
pole antennas.

The internal characteristics of field
strength meters, such as the over-al 1 linear-
ity of the receiver, accuracy of the signal
input attenuators, and the accuracy of the
receiver as a two-terminal RF voltmeter,

can be measured at frequencies from 30 H z
to 1000 MHz.

When field strength standards or meters

are submitted for calibration, an instructicm
manual and all accessories should be in-

cluded, and the instrument should be in e~-

cellent operating condition,
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Item I Description

201 .850a-l
201.850a-2
201. 850a-3
201.850z
201.851 a-l
201.851 a-2
201 .851a-3

Calibration of looD antenna at one frequency, 30 Hz to 30 MHz.
Calibration of 100D antenna at frequencies additional to item 201.250a-1, 30 Hz to 1 MHz.
Calibration of looP antenna at frequencies additional to item 201.850a-1, 1 to 30 MHz.
Special calibrations not covered by the above schedule.
Calibration of dipole antenna at one frequency, 30 to 1000 MHz.
Calibration of dipole antenna at frequencies additional to item 201.851a-1, 30 to 400 MHz.
Calibration of rlioole antenna at frequencies additional to item 201 .851a-l. 400 to 1000 MHz.

201.8s12 Special calibrations not covered by ~he above schedule.
201 .852a-1 Calibration of input attenuators at one frequency, initial step.
201.852 a-2 Calibration of additional steps of input attenuator in addition to item 201.852a-l.
201 .852 b-l

201 .852 b-2
201.852c-1

201.852 c-2

201.852 c-3

201.852z

Calibration of the over-all linearity of receiver and output circuit at one frequency and the one
attenuator setting, initial point.

Calibration of over-all linearity of receiver at other points in addition to item 201 ,852b-1.
Calibration of the receiver is a two-terminal RF voltmeter, 1 to 10,000 w, O to 400 MHz, at

one frequency.
Calibration of the receiver as a two-terminal RF voltmeter at other frequencies additional to

item 201.852 c-1. O to 400 MHz.
Calibration of the receiver as a two-terminal RF voltmeter at other frequencies additional to

item 201.852c-1, 400 to 1000 MHz.
Special calibrations not covered by the above schedule.
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