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Figure 1. (Left) Vibration pickup with co ntrol box. 
Installed on Type 1551-C Sound-level Meter. 
(Above} The three vibratio n ·pick u ps w i th t h eir 
c o n n ecting cable. left to right: Type 1560-P52, 

Type 1560-P53, a nd Type 1560-P54. 

VIBRATION MEASUREMENTS 

The standard sound-level meter can 
be adapted for the measurement of 
solid-borne vibrations by the substitu­
tion of a v ibration pickup, or acceler­
ometer, in place of the microphone. 
For use with General Radio sound­
level meters, three v ibration pickups 
are now available, offering a wide 
choice of characteristics. 

Each pickup is offered either by 
itself or in combin ation with a con­
trol box ,  which by means of electrical 
integrating networks con verts the ac­
celeration response of the pickup into 
velocity and d isplacement responses. 
Each combination, called a Vibration 
Pickup System, consists of pickup, con­
trol box ,  l ow-n oise connecting cable, 
and convenient probes or fastening 
devices. 

WITH THE 

SOUND-LEVEL METER 

The control boxes are basically alike, 
but each type requires uniq.ue input 
and output c ircuits determined by 
the vibration-pickup characteristics. A 
three-position switch, labeled Ace, VEL, 
DISP, selects the characteristic desired. 
At each switch position the signal level 
is automatically ad justed to the correct 
calibration value. 

VIBRATION-PICKUP CHARACTERISTICS 

Table I l ists the characteristics of 
the three Vibration Pickups and of 
their correspond ing Vibration Pickup 
Systems. 

Type 1560-P52 Vibration Pickup 

This pickup has a l ow output im­
pedance and is especially suited for the 
detection of l ow-frequency vibrations. 
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GENERAL RADIO EXPERIMENTER 

TABLE I 

VIBRATION PICKUPS 

Type Number Type 1560-P52 Type 1560-P53 

Catalog Number 1560-96 5 2  1560-9653 

Sensitivity (mV/g), nominal 75 7 2  

Temp Coeff o f  Sens (dBj°C) 0.06 <0.02 

Resonant Frequency (c/s) 3 200 2 8,000 

Capacitance (pf) 10,000 350 

Temperature Range (°C) 0 to 75 - 18 to 120 

Relative Humidity Range <%> 0 to 1 00 0 to 1 00 

Cable Length (ft) 5 (1.55 m) 8 (2.5 m) 

Dimensions (In) 1 % by 1 �6 by �6 % hex by 0.7 

(mm) 42 by 3 7  by 1 5  1 5.5 by 1 8  

Net Weight (oz) 1 .6 (45 grams) 1.1 (31 grams) 

Price $100.00 $220.00 

VIBRATION PICKUP SYSTEMS 

Type 1560-P54 

1560-9654 

580 

0.01 

5000 

700 

- 18 to 1 2 0  

0 to 100 

8 ( 2.5 m) 

l3Ji6 die by 11A6 

3 1  by 27 

3.1 (90 grams) 

$160.00 

(Used with Type 1 55 1-B or Type 1 55 1 -C Sound-Level Meted 

Type Number I Type 1560-Pl 1 B Type 1560-P13 Type 1560-P14 

Catalog Number I 1560-99 2 2  1560-96 1 3  1560-96 1 4  

Ranges of Measurement 
Rms Acceleration (in/s2) 0.1 to 39,000 0.3 to 390,000 0.01 to 3900 

(m/s2) 0.00 2  to 1000 0.006 to 1 0,000 0.0002 to 100 

(gt) 0.0002 to 1 00 0.0006 to 1000 0.00002 to 1 0 

Rms Velocity (in/s) 0.001 to * 0.001 to 1 000 0.0001 to * 

(m/s) 0.00002 to* 0.0000 2 to 20 0.000002 to * 

Rms Displacement (mils) 0.03 to * 0.03 to 30,000 0.003 to * 

(mm) 0.0006 to* 0.0006 to 600 0.00006 to* 

Frequency Range (see Figure 2) 

Net Weight of System (lb) 1 3A (0.8 kg) 1 3A (0.8 kg) 2 ( 1 kg) 

Shipping Weight (lb) 5 ( 2 . 3  kg) 5 (2.3 kg) 5 ( 2 . 3  kg) 

Price $160.00 $290.00 $220.00 

*Upper limit of displacement and velocity measurements depends upon frequency and is determined by the maximum 
acceleration possible before nonlinearity occurs (100 g for Type 1560-PllB, 10 g for Type 1560-Pl4). 
t g = acceleration of gravity. 

.. 

www.americanradiohistory.com

www.americanradiohistory.com


JULY 1 9 6 5  

Figure 2 .  R espo nse character istics for constant applied 
( a) acceleration, (v) veloc ity, and ( d) displa c e m ent. 

FREQUENCY IN CYCLES PER SECOND 

It is supplied with the TYPE 1553 Vi­
bration Meters for measurements down 
to 2 c/s. When the pickup is used on 
the TYPE 1560-Pl l B  Vibration Pickup 
System, the 20-cycle low-frequency 
limit for acceleration measurements is 
set by the frequency response of the 
TYPE 1551-C Sound-Level � 'feter and 
for velgcjty and cih121aqement bx the 
integrating petwgrk§ ip the control box. 
�easurements of acceleration d own to 
2.5 c/s can be made if the TYP -A 
Soun an 1 ration Analyzer i used 
in place of the sound-level meter. 
Velocity and displacement are easily 
calculated from the acceleration read­
ings, when the freq uency of the vibra­
tion is known . 

Type 1560-P53 Vibration Pickup 

From among the many excellent 
small, lightweight accelerometers now 
available, this pickup has been chosen 
as best suited for vibration measure­
ments over the complete audio range 
with GR instruments. It has (approxi­
mately) 1 0  times the resonant fre­
quency, 20 times the output imped­
ance, and the same output voltage as 
the TYPE 1560-P52. Owing to its high 
output impedance this pickup requires 
the TYPE 1560-P40 Preamplifier for 

f5 � + 20 

� � ����Ji���p��;����I CH:�c:�;E�lv;;l�� � � � + I Of----t----+--+-----+---t----+---tt+-6 
�� 0 
� � o .t-tl!!�..+---+--+---+-+=--�""""----t-+----i 
I� I � -I02�0�c���-�10_0 _2 �00 --500��,-, -�2--�5-� I O 

FREOUENCY IN CYCLES PER SECOND 

measurements down to 2 c/s with the 
TYPE 1553 VibratiO"n Meter or to 2.5 
c/S with the TYPE 1 564-A Sound and 
Vibration Analyzer. Without the pre­
amplifier acceleration response will be 
down approximately 3 dB at 12 c/s . 
... 

The TYPE 1560-Pl3 V1brat10IlPick­
up System in which this picku p  is 
used, is capable of measurements down 
to 20 c/s with the TYPE 1551--C Sound­
Level ::\!Ieter. This combination is rec­
ommended for measurements to meet 
the req uirements of :Yiil Std-740 
( Ships). 

Type 1560-P54 Vibration Pickup 

This high-sensitivity picku p  1s a 
newly developed high-o utput, high­
perf ormance piezoelectric ceramic 
transd ucer. It has (approximately) 1.5 
times the resonant frequency, 10 times 
the output, and 10 times the output im­
pedance of the TYPE 1 560-P52 Pickup. 
With its associated control box in the 
TYPE 1 560-Pl4 Vibration Picku p  Sys­
tem, it is intended for use with the 
TYPE 155 1 -C Sound-Level Meter. It is 
eq ually useful with the TYPE 1.553 Vi­
bration Meters and the TYPE 1564-A 
Sound and Vibration Analyzer. With 
these two instruments, the low-fre­
q ue ncy response will be down about 
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3 dB at 6 c/s. With the TYPE 1560-P40 

Preamplifier, the full range of the 
vibration meter and analyzer can be 
covered. 

VIBRATION PICKUP SYSTEM 

CHARACTERISTICS 

The curves of Figure 2 show the 

frequency-response characteristics of 
the three systems. In each case the re­
sponse shown is the combined response 

of the pickup, its connecting cable, the 
associated control box, and the TYPE 
1551-C Sound-Level Meter on 20-kc 
weighting switch position. Table II 
lists the characteristics of the three 
Vibration Pickup Systems so they can 

be readily compared. 

DECIBELS OR VIBRATION QUANTITIES? 

When a Vibration Pickup System is 

used in place of the microphone, the 
decibel readings of the sound-level 
meter can be converted to the corre­
sponding vibration quantities, as above, 
or alternatively, the decibel scale can 
be assigned new reference levels. A 

Figure 3. Two views of the control 
box, which attaches to the 'Type 
155 1 -C Sound-Level Meter. 

data plate, see Figure 3, on the panel 

of the control box for each Vibration 

Pickup System lists the conversion 

factors to convert the dB reading to 

magnitudes of the vibration parame­

ters. In addition, dB conversion charts 

are supplied in the operating instruc­

tion booklet, which relate any decibel 

reading of the sound-level meter to the 

vibration quantity being measured. 

Some of the recent vibration speci­

fications require answers in accelera­

tion level, La (sometimes called adB), 

for acceleration measurements and ve­

locity level, Lv (sometimes called vdB), 

for velocity measurements. There have 

been no standardized reference levels 

for these quantities, but some 1\avy 

specifications have commonly used 

10-5 m/s2 (10-3 cm/ 2) for the La refer­

ence and 10-s m/s (10-6 cm/s) for the 

Lv reference. 

A new ASA Standard for Reference 

Quantities for Acoustical Measure­

ments is now in process. It includes the 

two reference quantities above plus the 
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referen ce quantity of 10-10 m (l0-8 c m) 
for d isplacement level, Ld.  

When the Sound- Level Meter is used 
with any of the Vibration Pickup Sys­
tems, d ecibel read ings can be easily 
translated to the proper vibration level 
in d B  by adjustment of the internal 
calibration of the Sound-Level lVIeter 
for a -58. 1 d B  (re 1 volt/ µbar) micro­
phone and addition of the d B  correc­
tion s  listed in Table II. 

TABLE I I  
dB to be added to SLM* reading 

Vibration when control box switch is 
Pickup 

set at ACC VEL DISP System 
Type to get La Lv Ld 

Number 

re 1 o-5m/s2 1 Q-8m/s 10-1om 

1560- P llB 20 40 50 

1560- P 13 30 40 50 

1560- P 14 0 20 30 

•Internal calibration set for -58.1 dB microphone (re I 
volt/µbar). 

USE WITH TYPE l 565-A 

SOUND-LEVEL METER 

All three pic k ups can be used with 
the TYPE 1565-A Soun d-Level Meter. 
Since t t E 
1565-A is lower by 10 :1  than that of 
the-l'YPE l551-C Sound-Level Meter, 
it m desirable to avoi d  the loss 
introd uced tw the contro ox. i.t t e 
pickup connected directly to the sound­
level-meter input, acceleration meas­
urements can be mad e  to 10 c/s, 25 
c/s, and 20 c/s with the TYPES 1560-
P52, -P53, and -P54 Vibration Pick­
ups, respectively. The upper frequency 
limits of 1200 c/s and 1500 c/s are 
safely below the resonant frequencies 
of the TYPES 1560-P52 and -P54. 
Above 3000 c/s the response of the 
TYPE 1560-P53 will be .modified by the 
C-weighting characteristic (the TYPE 
1565-A does not have a flat-response 

JULY 1 9 65 
( '-

position). The operating instructions 
for the TYPE 1565-A Sound-Level Me­
ter include a table of meter readings 
(level in d B) versus acceleration in g 
for the TYPE 1560-P 52 Vibration P ick­
up. The same table applies to the 
TYPE 1560-P53 Vibration P ickup. For 
the TYPE 1560-P54, the tabl e  can be 
used if 20 d B  is added to the '' Level in 

(20 her 
with the TYPE 1551-C. 

PICKUP FASTENING OR ATTACHMENT 

Specifications for the three vibra­
tion measuring systems described apply 
when the pickup is fastened to the de­
vice t°

' 
be m easured in a rigid manner, 

so that it  cannot move with respect to 
the surface to which it is attached. 
Pro bes or o ther simple mounting de­
vices are supplied as conveniences to 
be used when survey-type measure­
rnen ts are required or the preferred 
stud mounting cannot be readily ac-

25 

20 

15 

::!::: 10 

� 5 
;z 0 a. 0 "' .... 
er: -5 

-10 

-15 
200 

ft 
I\ 
I \ 

/ \ 
__./� \�?ASTICINE 

REFERENCE---1""'" 

500 1000 2000 5000 1 qooo 20,000 

FREQUENCY IN c/s 

Figure 4. Frequency response o f  Type 1560- P 52 
Vibrat ion P ic k up atta ched by m eans of 1/ 16-
inch-thic k  layer o f  Plasticine. Reference lin e 

sho w s  response of pickup mo unted 
directly on shaker. 
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Fig ure 5. Vibrat ion 
P i ck u p  with T y p e  
1560- P35 Per m a n ent-

M a g n e t  Cla m p. 

complished . When vibration measure­
men ts are made to meet specifications 
tha t r quire that the pick up be mounted 
by a stud or bolt, that i s  the way one 
m ust make the measure ment. 

Pickups can be fastened by many 
different methods but for greatest ac­
curacy the fastening sho u ld be as 
d irect and rigid as possible. If the 
pickup is to be fastened only tempo­
rarily, and if the acceleration is less 
than gravity and only low frequencies 
are present, simple methods of fasten­
ing a re adeq uate. Plasticine or d o u ble­
faced tape can be placed between the 
ba e of the pick u p  and a flat surface, 
at th desired point. If the surface is 
horizonta l ,  flat, and smooth, the p ick­
up may be wrung to the surf ace with 
a thin film o f  petroleu m jelly or light 
silicone grease . Fig u re 4 shows the 
responses of a T YPE 1560-P52 Picku p  
fastened securely a n d  b y  means of 
Plasticine. 

On magnetic materials, the p ick u p  
may b e  fastened to a magnet a n d  the 
magnet then attached to a flat surface 
on the device that is to be measured. 

A mall magnet clamp is supplied 
with the TYPE 1560-P13 System. A 
slightly larger clamp, T YPE 1560-P35 
(see Figure 5), is a vaila ble as an acces­
sory for the Types 1560-Pll--B and 
1560-P14 Systems. If the T YPE 1560-
P53 Vibration Pick u p  is fastened to 
the magnet and the magnet attached 

to a smooth ,  flat surface with petro­
leum jelly or l ight silicon e  grease used 
to ensu re close con tact between all  
ma ting surf aces, the response of the 
TYPE 1560-Pl3 System is not sig­
nificantly altere d  for frequencies u p  
to 10 k c/s a n d  accelerations u p  to 5 g. 
Figure 6 shows the response of a small 
shaker system measured with the TYPE 
1560-P53 Picku p with and without the 
magnet clamp. Unl ss the mass of the 

/ 
pick u p  is man y  time ·maller than the 
mass of the device being measured. the 
addition of the p icku p  will modify the 
response of the system. By the same 
token, adding the magnet will modify 
the response o f  the syste m still further. 
For the response shown in Figu re 6, 
the mass of the system, incl ud ing 
shaker plus pick u p  and shaker p l u s  
pickup o n  magnet, was maintained 
constant. 

At high acceleration simple fasten­
ings are inadeq uate; a tud m u st be 
used to hold the pickup directly against 
the surface being measure d. Even with 
the stud petroleum jelly or silicone 
grease should be u ed to ensure close 
con tact without applying u n due strain 
to the pickup. 

To install the pick up permanently, 
where tap ped holes for stud s  are not 
available, an a d hesive such as dental 
cement, Eastman 910, or an epoxy ce-

cn ...J 

+ 30 

� +20 

8 C> 
� + 10 
w 

� 
en 0 w Q: 

- 10 

� ..... 
RESONANCE 

MSPONSEON 
TTP£ "'90-4020 MAGftET -u � 

�l 

50c 100 200 

CY 

500 lk 2 

FREQUENCY IN CYCLES PER SECOND 
5 

, ' 
__/ 

' 
RE: FERENCE 

I 
ro 20 

Fig ure 6. Resp o n s e  of Type 1560- P53 Vibratio n 
P i c k u p  with a n d  with o ut m a g n et ic  c l a m p. 
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Figure 7. (a) Freque n c y  respo nse of Type 1560-P52 Vibrat i o n  P i c k u p  mo u nted o n  h a n d­
held (6%-i n ch) pro be. Severa l sa mple respo nses are sho wn .  Referen c e  l i n e  s hows respo nse 
of p i c k u p  m o u nted d irectly on shaker. (b) Freq u e n cy respo nse of  the Vi bratio n P i c kup 
m o u nted on h a nd-held short (%-inch) pro be. Several sa mple respo nses are sho wn. 

R eferen ce l i n e  shows response o f  p i ckup m o u nted d ire ctly o n  sh aker. 
I 

ment sho uld be used . For b st re ults, 
use only a thin layer so that the elasti 
characteristics of the cement will not 
affect the behavior of the pickup. 

Use of Probes 

Probe and pro be tips are supplied 
with the Types 1560-PllB and 1560-
Pl4 Systems. These are supplied as a 
convenience to help in cases where flat 
smooth surfaces may not be available 
for proper mounting of the vibration 
pickup . A long probe will modify the 
pickup response apprecia bly. The pri­
mary resonance of the measuring sys­
tem will be determined by the pro be 
dimensions . For example, Figure 7 
shows the response of the TYPE 1560-
P 52 Pickup mounted directly on a 
flat, smooth surface and hand held in 
contact with the surface through (a) 
a 6%-inch long and (b) a %-inch long 
probe . Figure 8 show the response ob­
taii;ied with a TYPE 1560-P53 Vibration 
Pickup mounted on a flat, smooth sur­
face and then held in contact through 
a 6-inch long X �-inch diameter probe. 

Unle the d evice b ing meas ured is 
massive, a hand-held p robe may seri-

ously alter the motion. Also, some vi­
bration is transferred to the pickup by 
tremor of the hand. This vibration is 
made up mostly of components below 
20 c/s so it is attenuated somewhat by 
the 20-cycle, low-frequency cutoff of 
these measuring systems. Th observed 
peak-to-peak displacement from this 
so u rce is in the order of 0.2 mil so that, 
even with care , low-level measurements 
are limited by this factor. 

The hand-held probe is useful at 
frequencies below 1000 c/s if the vi­
brating obj ect is large and has rela­
tively large motion. 

- EnvrN E. Gno�. 

-20�----------�--��������� 
50c 100 200 500 lk 2 5 10 20 

FREQUENCY IN CYCLES PER SECOND 

Figure 8. Freq u e n c y  respo nse of the Type 1560-
P53 Vibratio n  P i c k u p  m o u nted o n  hand-held 
6-i n ch l o n g  by 1,4-i n ch d i a meter pro be. C urve is 
s m oothed average of  several  respo nses. Refer­
ence l i n e  shows respo nse of Pic k u p  m o u nted 

d irectly o n  sha ker. 
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A 100-µF 

DECADE CAPACITOR 

Performance and acceptance tests on 

high-capacitance electrolytic capacitors 

have created a need for high-capaci­
tan e tandards against which the 

accuracy of the test equipment can be 

monitored. Following the introduction 

of the TYPE 1424-A Standard Polysty­
rene Decade Capacitor (10 µF) a few 

years ago, customer interest in a 100-
µF decade developed, and a special unit 

was designed and built. Having thus 

proved the practicability of the basic 
design, we are now able to offer a 
100-µF decade as a standard catalog 
item. 

Design Factors 

The effects of re idual impedances 
become more erious as capacitance in­

creases, creating design problems in a 
100-µF decade that are not significant 

in a 10-µF unit. Some of these problems 
are: 

Control of ser'ies loss outside the dielec­
trfr, that is, the resistance of the leads, 

switching mean , and bin.ding posts. 

One can reduce the resistance of leads 

and binding posts by making them of 

larger cross section, but reduction of the 
switching resistance requires more dras­

tic treatment. In the 10-µF decade, the 

switch contacts were duplicated and 

paralleled to make the resistance loss 

negligible in comparison with the di­

electric loss inherent in well made 

polystyrene capacitors. For the 100-µF 

decade the tapered-plug technique long 

used in accurate de bridges and resist­
ance boxes was adopted. The resistance 

of a connection made by the tapered 

plug wrung into its mating tapered 
socket (approximately 5.5° included 

angle) by its actuating T-handled knob 

is quite acceptably low, of the order of 
50µn. All other joints in the internal 

electrical circuit are soft-soldered. The 

resistance of the external connections 

at the binding posts is minimized by 
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the large con tact areas and the u e of 
large knobs so that high contact pres­

sures can be obtained. 
r'ontrol of residual seriP 1·nductance. 

The g ometrical location and the di­

mensions of binding posts, bus islands 

studs and current-sheet connectors 

were chos n to minimize the inductance. 

The binding posts are located as near 

one edge of the instrument as practical. 

They are staggered with re pect to one 

another so that wide low-inductance 

ribbons or trips can be run directly 

when connections are made to associ­

ated equipment. Although the instru­

ment is considerably larger than the 

10- µF decade, the total residua] in­

ductance is less than twice as I�rge. 

Maintenance of manageable size and 

1ceight. The 10-µF TYPE 1424-A weighs 

167'2 pounds. The thought of a decade 

weighing ten times as much is a little 
shattering. The only ready way to re­

duce size and weight is to use lower­

voltage capacitors, and, therefore, the 
peak voltage rating has been reduced to 
25 volts. This is not a serious limitation 

in use, since large standard capacitors 

are almost never required for use with 

high voltages applied, either ac or de. 
The capacitor volume is only twice that 

of the 10-µF box. 
Protection and de energy storage. The 

reduction in voltage rating minimize 

the danger from de energy stored in the 

capacitor. The lower stored energy and 

the low voltage greatly reduce the shock 

hazard. If the metal components of the 
switching means were exposed, drop­
ping metal pieces would b a hazard. 

A plexiglas cover plate protects against 
this contingency as well as serving as an 

insertion guide for the tapered plugs. 
Built-in current-limiting resistors are 

provided for limiting the charging and 
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di barging current to a safe value when 

the capacitor is used on de. 

A Standard of D as well as of C 

A major application for the TYPE 

1425-A Standard Polystyrene Decade 

Capacitor is the calibration of bridges 

u ed for measuring capacitance and dis­

sipation factor of electroly ic capaci­

tors. A characteristic that makes poly­

styrene such a desirable dielectric is 

that its D is very low and is quite con­
stant as a function of frequ ncy. Elec­

troly ic capacitors on the other hand, 

have characteristically high D's. When 

the decade is to be u ed as a refer­

enc standard to check the cali bra­

tion of electrolytic-capacitor-measuring 

bridges, it should be possible to increase 

its D to any desired degree in order to 

check the dissipation factor accuracy 
of the bridge. 

This can b ac omplished by the 

addition of a known external resistor. 

Ideally, the resistor should be in series 

with the capacitor. since electrolytic 

capacitors are specified and usually 

measured in terms of series components. 

A massive binding post is provided 

for th series connection. Unfortunately 
wh n low values of D are desired, the 

required series resistance may be very 

low, and suitable adju table resistors 
may not be available. Even if they are 
the problem of connecting a resistor of, 
say, one milliohm into a simple series 

circuit is formidable when Iead-and­

contact resistance is considered. 

If the required seri s resistance is 
unmanageably low, the desired D value 

can be produced by a much larger more 
practical value of resistance onne ted 
in parallel. A pair of conventional in­

strument binding post (TYPE 938) is 

provided for uch parallel connection. 

1 1 
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When u ing the paral lel connections. 
one mu t remember that the equivalen t  

serie ca paci tan c e  of the com bina ti on is 

th parallel capacitance multiplied by 
1 + D2• Thus, the eries connection 

should be used wh never practical. 
A few numerical examples will erve 

to ill ustrate the situation. Suppose, at 
1000 cycles, one wishe to establish a D 

of 0.0 1 for 100 µF. The required eries 
resistanc is 0.0016 ohms which is 
rather awkward. The parallel value on 

the other band is 16 ohms, conveniently 
realized with a decade resistance box. 
For a D of 0. 0 1  the difference between 

series and paral lel capacitance is only 

0.01 %, and the us of the parallel re­
sistor is clearly indicated. As another 

example, a D of 0.5 at 120 cycles, 50 

µF requires about 26 ohms in series, 
again a practi ·al value, and in thi ca e 

the series connection is indi a ted. 
The new TYPE 1425-A Standard Ca­

pacitor extends by one more decade the 

calibration capabilities of GR capaci­
tance standards, which now cover the 
range from 10-·: picofar.ad to 100 micro­
farads, a formidable 1011 range. 

- P. K. M ELROY 

SPEC I F I CAT I ONS 

Total Capacitance : 100 µF. 
Capacitance per Step: 10 µF. 
D ielectric: Polystyrene. 
Adjustment Accuracy at 1 kc /s : ±0.25%. 
Cert i ficate: A certificat iR upplied g1vmg 
measured value. obtained b. comparison, to a 
precision better than ±0.01 %, with working 

tandard who e absolute values are known to 
an accuracy better than ±0.05%, determined 
and maintained in terms of reference standards 
periodically measured by the National Bureau 
of tandards. 
Sta b i l ity : ±0.05% /year. 

D issipation Factor at l kc /s: <0.0004. 
Insulati o n  Res istance:  > 106 nF. 
Vo ltage Recovery*: <0.1 0 •  
Temperatu re Coefficient o f  Capacitance (typlcol) 
ppm /°C :  -140. 
Max Operat ing Temperature °C: 65. 
Max Sa fe Vo ltage: 25 V, peak, below 10 kc;s. 

D imens ions : Width 9%, height 19Ys, depth 
8Ys inches (240 by 195 by 205 mm), over-all. 
Net Weight: 46� lb (21.5 kg). 
S h i pping Weight : 67 lb (31 kg). 

•Dielectric absorption. 
Catalog 

Number Description 
Price 

in USA 
1 425-970 1 T ype 1425- A Standard Polyst yrene-Decade 

Dielectric Capacit or 
$1400.00 

I 

Hz or c/s? 
In de cribing the new TYPE 1 2 1 8-B 

Unit Oscillator we have used the ab­
breviation MHz for the unit of fre­
quency, rather than Mc/s. The ex­
planation i simple: the frequency dial 
is engraved in megahertz. 

The International Electrotechnical 
Commission has recently recommended 
that hertz be the international unit of 

frequency, and the National B ureau 
of Standards has adopted it. The new 
standard on abbreviations of the In­
stitute of Electrical and Electronie 

Engineers prefer Hz but allow the 

alternative of c/s .  

At General Radio we shall use Hz 
on all new designs. Existing de igns 

will con tinue to use c/ (or cps, kc, and 

Y.Ic) until  they are rede igned or other­

wi e supersed d. 

In the Experimenter and other Gen­

eral Radio publications, we shall use 

hertz except when discussing instru­

ments on whose dials or panels the 

older units appear. 
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IMPROVED UHF OSCILLATOR 

900 to 2000 MHz 

A low-priced, high-powered,· stable 

signal source covering better than an 
octave of uhf or "L band '' has been a 

unique and popular member of the 
Unit rf oscillator family for some 10 
years.1 Additional convenience in use 
and greater stability of output are now 
offered in the completely redesigned 
TYPE 1218-B Unit Oscillator. 

Compatible with the other o cillator 

in the family it heads, the new oscilla­
tor has a much lower profile than its 
predecessor. Seven inches high and 12 
inches wide, it can be attached semi­
permanently to any GR power supply 

of that height. If the power supply is a 
TYPE 1267 or 1269 both of which are 
4 inches wide, the combination can be 

rack-mounted side by side. On the 
other hand, the TYPES 1263 and 1264 
Power upplies. which are 8 inche 
wide, mount above or below the oscil­
lator for a total height of 14 inche in 
a 19-inch rack.2 

1 E. Ka.rplus, "A 900-2000 :'vie Unit Oscillator,'" General 
Radio Experimenter, February 1955. 
2 "Oscillator-Power-Supply Combinations for Frequen­
cies from 0.5 l\1c/s to 2 Gc/s," General Radio Experi­
menter, June 1965. 

or convenience, particularly in rack 
assemblies, all three controls are on 

the front panel. Frequency is et by a 
vernier-drive knob, which makes 8 
complete turns, and is indicated on a 

custom-calibrated dial to better than 
± 1 %. The scale length of 10 . . '1 inches 
was unchanged in the redesign. A log­
ging scale has been added for precise 
interpolation or resetting of frequen­
cies. The .6.F control operate an in­

cremental tuning capacitor, which is 
con iderably more effective and stable 

rn �4oo p..,,,,,;::.�����;;;:;::=::;:::::::t::����� 
Cl 
�300 1----1-�--.:::.....---��t--...... ....,,---� _J _J 
i: �zool--�-+-��-��--"T"--t.::��-�--11 
UJ 
� 150 1-----
1)_ 
I-
� 1 oo l----+-----�--�t-_..;::a.....111;-:---I 
1-
5 80l----+--��---�-t---��--30f 

0.9 1.0 1.5 2.0 
FREQUENCY-GHz 

- POWER SUPPLY TYPE 1269-A, (OR 1203-B) 
--POWER SUPPLY TYPE 1267-A, 1264-A,{OR 1201-B) 

Figure 1. 
Output power vs freq u e n cy. 
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Figure 2. P a n el vie w  
o f  t h e  T y pe 12 18-B7 R, 

for rack mount. 

than the variable grid resistor that it 

replaces. This control can be used to 

make adjustments as fine as 1 part per 
million, over a range of about 0. 1 %. 
The third control set� the output level 

between zero and maximum by rota­
tion of the pickup loop. The redesign 
brought this control to the front and 
also "geared it down" so that . ettings 
as low as 30 dB below full output are 
easily made. 

A pencil triode is used in a tuned­

plate-tuned-cathode circuit (although 

plate, not grid runs at de ground po­
tential). The plate resonator is a high­
Q, quarter-wavelength. coaxial line 

with a contacting plunger. The output 
loop is mounted on the plunger and 
therefore maintains a position in the 
zone of highest magn tic-field inten­
sity. The cathod is tuned by a curled 
three-quarter-wavelength line of un­
usual design. The rotary motion of the 

cathode tuner and the linear motion of 
the plate tuner are coupled to the 
main dial by an improved mechani""m 
having negligible backlash. 

The shielding has been improved by 
about 40 dB. All control shaft are 
nonconducting and act through wave­
guide-below-cutoff sleeves. Circuit con­
nections are brought through the main 
casting wall through filters. Catho 
and grid-voltage te t points haYe been 
brought out so that monitoring or 
special-purpo e modulation can be ac-

" 

complished without disturbance to the 
shielded compartments. 

The rear location of the locking 
GR874 output connector is convenient 
in many applications. In addition, the 
adaptor-panel set used for rack installa­
tion provides front mounting space for 
a similar connector to which the output 
is brought by a short coaxial cable. 

The guaranteed output power (shown in 
F'igure I) is now specified more pre­
cisely than before. The power available 
from a typical TYPE 1.218-B com­

pared to its predecessor is the same at 

most frequencies except where the 

older instrument had weak spots. These 
have been alleviated by improvements 
in the tuned cir uits. 

A substantial improvement in spec­

tral purity of the output signal result 

from two measures. Fir t, the cathode 

circuit has been isolated from the 
h ater so that alternating current th r 

doe not modulate the oscillator ap­

pr ciably. econd. the entire tuning 

assembly has been so mounted as to 

reduce the tran mission of acoustic 

energy from th main asting to the 

tube, where modulation can re ult. The 

lectrodes in the tube resonate m -

chanicall_ at nearly . kHz, but the re­

, ultan frequency modulation at reso­

nance is less than a very few parts per 

million at ound 1 veh;; found in mo t 
laboratorie . 
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I n  cw applications requiring the 
highest stability of frequency and am­
plitude, it is important to regulate both 
heater and plate supplies. Because the 
frequency is more sensitive to heater 
voltage changes than to proportional 
changes in the plate (or B + )  circuit, 
the TYPE 1 267-A Power Supply,  which 
is fully regulated , is recommended for 
critical applications. 

Mod ulation is facilitated by dupli­
cation of the usual plate-modulation 
j ack on the front and behind the panel.  
A connector is also provided for direct 
connection of the TYPE 1 264-A Modu­
lating Power S upply (formerly possible 
only with adaptor cables) . With that 
modulator, typical delay, rise , and fall 

J U .L Y  1 9 6 5  

times of square-wave or p ulse mod ula­
tion are about 1 microsecond. To ob­
tain very constant output, cw or square 
wave,  the TYPE 1 263-B Amplitude­
Regulating Power Supply should be 
used . 

Applications for the TYPE 1 2 1 8-B 
Unit Oscillator are widespread in lab­
oratories and production facilities 
where uhf signals are handled . For ex­
ample, it is an excellent, low-cost pump 
for a parametric amplifier . I t  may be 
the ' ' local oscillator ' '  in a heterodyne 
receiving or measuring system .  It is 
recommended as a generator for the 
TYPE 900- LB Slotted Line in the 900-
to-2000 MHz frequency range.  

- R .  W .  HARLEY 

S P EC I F I CAT I ONS 
frequency Range ;  900 to 200.0 MHz t 0.9 to 2.0 
GHz ). 
frequency Ca l ibration Accuracy : ± 1 '7', .  
Warmup Frequency Drift: 0 . 1  o/c, approximate 
total warmup drift. 
f requency Contro l :  A 4-inch dial with calibra­
tion in M H z  over 290° ( 10 Y2-inch scale length ), 
with a slow-motion drive of about 8 turns. 
Supplemented by a loggi ng scale of 800 divi­
sions . 
.t..F Contro l :  1 .8 turns for approximately 0 . 1 % 
total range. 
Output Power ( Into 50 0) : 200 mW (0.9 to 1 . 5 
GHz ) guaranteed minimum, dropping linearly 
to 130 mW at 2.0 GHz, with TYP:.:D 1 269-A 
or 1 203-B Power supply. 

1 20 mW ( 0 . 9  to 1 .5 G H z )  guaranteed mini­
mum, dropping linearly to 80 mW at 2.0 GHz, 
with TYPE 1 267-A, 1 264-A, or 1 20 1 -C Power 
Supply . 
Output Connecto r :  Locking type GR874, lo­
cated at rear. Adaptors available for other 
connector systems. 

Level Contro l :  Full output to about 30-dB 
attenuation easily set by 200° rotation, un­
calibrated . 
Modu lation :  An external audio-frequency volt­
age for plate modulation can be introduced at 
the front-panel MOD TTL·ATIO j ack . The im­
pedance there is about 6,000 n ;  approximately 
30 V, rms, is required for 30% amplitude 
modulation . For 400- and 1000-H z modula-

tion, the TYPE 1 2 1 4-A Unit Oscillator is rec­
ommended. 
Power Supply : Four types of power supplies 
are recommended ; the choice depends on the 
intended application. 

The TYPE 1 267-A is fully regulated , for cw 
operation . 

The TYPE 1 269-A is unregulated, for maxi­
mum power, cw. 

The TYPE 1 263-B automatically controls the 
output level up to 2 V behincJ 50 n, cw or 
1 -kHz square-wave modulated . · 

The TYPE 1 264-A provides full-power cw or 
modulated operation : 1 -kHz square wave or 
pulse at externally determined duty ratio and 
frequency up to 100 kHz . 

The oscillator is available in combination 
with each of these power supplies, for either 
bench or rack mount, as l isted on page 1 6. 
Tube : One 5675 pencil triode. 
Mountin g :  The oscillator is housed in an 
aluminum casting with gray-wrinkle-finished 
shield covers on right and left ends and a 
front panel similarly finished. 
Accesso ries Supplied : TYPE 874-R22LA Patch 
Cord, phone plug. 
Other Accessories Ava i la b l e :  G R874 coaxial 
elements. 
Dimensions : Width 1 2 ,  height 7 %, depth 9 
inches ( 320 by 205 by 240 mm ) ,  over-all .  
Net Weight:  14 lb (6.5 kg ). 
Shipping Weight:  25 lb ( 1 1 . 5 kg) .  

Catalog 
Number Description 

Price. 
in USA 

1 2 1 8-970 2 
048 1 -9642 

Type 1218-B Unit  Osci l lator, on ly, Bench Mount 
Type 481- P412 Rack-Adaptor Set, for osci l lator only 

U.S. Pe.tent Number 2,54.8,457. 

$465.00 
20.00 
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OSC I LLATOR - POWER-SU PPLY COMB I NAT I ONS 

These combinations incl ude oscillator, power supply as listed, 
and accessory h ardware for rack or bench mount, as specified. 

Amplitude-leveled 
output behind 

Stable cw; 100 % 60-fl source 
M aximum 

square-u·ave & impedance; metered 
pulse modulation; output level; 

PERFORMANCE power; Ultimate cw stability; internal 1 -l;;c 1 -kc square-t.l'ave 
lowest cost very lo w residual f-m square- u·ave modulation, or cw 

(POWER SUPPLY 
TYPE) 

INPUT LINE 
VOLTAGE 

Bench I Cataloo No. 

Mount' Ty-:pe 
Pr'LCe I 
Catalog No. r 

Rack 
Mount Type 

Price I 

( 1269- A )  ( 1 267- A )  

I 
1 05 to 1 25 V o r 
1 95 to 2 5 0  V 1 05 to 1 2 5 V 

1 2 1 8-9429 1 2 1 8 -9427 
1 2 1 8- 8 9  1 2 1 8-87 
$ 540.00 t $635-00 

1 2 1 8 - 9549 1 2 1 8-9547 
1 2 1 8-B9R 1 2 1 8 - B7R 
$56 1.00 $656.00 

( 1 267 - A Q l  8) { 1 264- A )  { 1 263- B )  

1 0 5  t o  1 2 5  V or 1 0 5  to 1 25 V or 
1 95 to 250 V 2 1 0  to 250 V 2 1 0  to 2 5 0  V 

1 2 1 8 - 9428 1 2 1 8 - 9424 1 2 1 8-9423 
1 2 1 8 - 87Q 1 8  1 1 2 1 8 - 8 4  1 2 1 8 -83 
on requ est $750.00 $ 890.00 

' 
1 2 1 8 - 9548 1 2 1 8 -9544 1 2 1 8-9543 
1 2 1 8 - B7RQ 1 8  1 2 1 8 - B4R 1 2 1 8-83R 
on req uest $774 .00 $ 9 1 4.00 

., ' 

A TU NABLE, ADJ UST ABLE PROBE FOR 

SLOTTED- L I N E  MEASU REMENTS 

GENERAL �AOIO CO 

Users of the TYPE 874-LBA Slotted 
Line who need a calibrated and more 
precise probe penetration adjustment 
and more precise tuning than is pro­
vided by a simple stu b  will find the 
TYPE 900-D P  Probe Tuner a useful 
accessory. This is the same probe as-

sembly that is supplied with the p re­
cision slotted line, TYPE 900-LB . 

The probe penetration is adj usted 
by a micrometer drive and its position 
is indicated on an engraved knob. 
Tuning is performed by rotation of 
the probe-tuner barrel,  which imparts 
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0.14 r""""�--r--"""T"""--,....-----.----.----.----�----.�� .... 

PROBE SETT! NG 
0.1 2  �---+---+---�---f----+----+---:r' N'--'-'I N_,_,C:<.:..H!!:;E�S_..:::....,.....-l 

1-
z 
� O.IOi-------;----+----+------t-----t----+---+-------t---+i 
u 
G:: 
..... 
w 
8 o.oai-------t----+----+----+-----r----+---+-----+-+-----1 
z 
0 
� 006i-------;----n�--+--...-;-----t----+---+---+--+-----I 
u 
w _J 
..... 
w 
er 0.041------;----,�-+----+----+---+----+---+-----+-----1 

3 4 5 6 
F R E Q U E N CY ,  G H z  

Figure 1 .  Typical  pro be reflectio ns at four p e n etrati o n s .  

l i near motion to the st ub \Yit hout rota­
tion, and, i n  this ca e, the length of 
the stub i n  centimeters i hown on 
an e ngraved scale. Tuning is possible 
from 300 l\II H z  to 9G Hz,  which encom­
pas es the complete frequency range 
of the slotted l i ne. A screw-on plastic  

cover i provided with each tuner to 
protect the probe tip when the probe 

tuner is not i n  use. 
Since both the TYPE 874-LBA and 

the TYPE 900-LB Slotted Lines have 
their own d iode- or bolometer-mount 
assemblies, the probe tuner does not 
con ta.in a diode holder. 

Probe penetration is an important 
factor in slotted-line measurements. 
A probe coupled too tightly into the 
slotted line can ca use measurement 
errors when the source driving the 
slotted line is not mat bed . In this 
case, the probe reflects the in ident 
wave back to the source ; a second re­
flection occurs at the sour  e and adds 
or  subtracts to the inciden t wave as 
the lotted-line carriage is moved . The 
result is that minima and maxima are 

affect d in both po ition and magni­
tude, and the v swR mea urem nt i i n  
error. With the probe penetration 
clearly vi i ble and direct ly readable, the 
chan es for maladj ustment of p robe 
penet ratj on are greatly reduced . It  i 
usually much ea ier o decouple t he 
probe than to match the ource im­
pedance. 

Exce sive probe penetration can also 

cause errors at the higher SWR values, 
say above 1 0 ,  because the loading ef­
fects are greater at the voltage maxi­
mum than at a minimum. The load­
ing effects increase more and more as 
the vswR is increased . Therefore, here 
again the easy readability feature re­
moves any guesswo:rk about  probe 
penetration . 

The probe refle tion,  as a function 

of frequency and di  tance to the slot­
ted-line inner conductor (probe pene­
tration ) i shown in Figure 1 .  

A detailed in ruction sheet is fur­
ni bed with each probe tuner. I t  con­
tains al l  the n eces ary in tallation in­
structions.  A tun ing graph is included , 
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which indicate the correct etting for 
any frequency in the tuning range. A 
small Ys-inch open-end wrench is pro-

vided for installation of the probe 
tuner on the slotted line, and a No. 2 
Bri tol wrench for scale adj ustments. 

S P E C I F I CAT I ONS 

Frequency R a n g e :  0.3 to 9 G H z .  
Probe Depth Sca le : Calibrated from 0.0 10 to 
0. 1 50 in . ,  in intervals of 0.001 inch. One revolu­
tion of the knob moves the probe 0.025 inch. 
Stu b T u n er:  Calibrated at intervals of 0. 1 cm 

from 0 to 17 cm._, 
D i m ens ions : Length 1 1  in ( 280 mm ), dia Ys in 
(23 m m ), over-all ,  closed . 
Net W e ig h t :  8 72 oz (24 5 g ). 
Sh i p p i n g  W e i g h t :  3 lb ( 1 .4 kg ) 

Catalog 
Number Description 

• .  Price 
in USA 

0 900-9654 Type 900- D P  Pro be Tu n er $75 .00 

PAN E L  MOU NT I N G  K I T  

The TYPE 900-PK::.\I Panel ::.\.-'Iount­
ing Kit is a simple conversion kit for 
adapting a GR900 connec tor, or any 
component equipped with a GR900 
connector to panel mounting. This 
application includes adaptation of GR-
900 connector devices as panel feed­
through or " bulkhead " connectors. 

The kit comprises one gear-ring as­
sembly ; four 4-40 screws, � inch long ; 
four nuts and lockwashers ; and a de­
tailed instruction sheet. 

A centering (gear) ring is modified 
to include a flange, as shown in Figure 
1 .  I t  is installed directly on any G R900 
connector after removal of the existing 
centering ring and locking nut.  

The resulting panel connector does 
not contain a locking nut, since the· 
locking nut on the mating connector is 

FOR 

P R EC I S I O N  

COAX I A L  C O N N ECT O RS 

usually all that is needed. When two 
panel connectors are to be mated , a 
TYPE 900-L Air Line can be used. 

Examples of app lications of this kit 
are hown in · igure 1 to 4. Note that 
the flange mounted on the front face 
of the panel ( Figure 2) provides the 
greatest accessibility and ease of con­
nection. If  necessary, the flange can 
be mounted behind the panel at the 
expense of accessibility and possibly 
appearance. Accessibility , in this case, 
is a matter of how much of the locking 
nut of the mated connector can be 
grasped during tightening. This re­
cessed mounting confi guration is shown 
in Figure 4. 

Specific applications include : panel 
connector for frequency- or time­
domain reflectometers or similar test 
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ets equipment mod ules and rack­
mounted assemblies where a feed­
through from the rear to the front of 
the rack is required . 

Figure 1. Panel  c o n n ector 

mo u nted with a ir l ine. 

TYPE 900 -C9 

Figure 2. Panel  co n n ector 

m o u nted w ith co a x ia l  cable. 

CABLE 

J U L Y  1 9 6 5  

Over-all panel pace req uired by the 
fiange of the unit is 1 Yi 6 inc he on each 
side. 

Weig hts:  Net, 1 oz ( 30 g) ; Shipping, 8 oz ( 230 g) .  

TYPE 900 - 0  
ADAPTOR 

Figure 3. P a n e l  c o n necto r 

mo u nted with a Type 900-Q Adaptor. 

Fig ure 4. Panel  c o n n ector 

mou nted with f lange behind pa n el.  

Catalog 
Number Description 

Price 
in USA 

0900- 9498 Type 900 - P K M  P a n e l  M o u nt i n g  Kit $7.00 

rGRa7--......_.;# COAXI A L  CABLE CON N ECT I O N  

A ery sligh t modification i n  the 
usual assembly procedure can improve 
the v , WR performance of ten G R874 
coaxia l connector types. Developed re­
cently in General Radio 's continual 
product-improvement program, this 
new tec hnique can be applied to both 
panel-mou n t  and pa tch-cord con nec­
tors, in two groupings , for use with 
R G-8 size cable . The connectors af­
fected are listed in the table on page 20.  

The new technique is  of particular 
in tere t to those now using General 
Radio TYPE 87 4-T08 and -T058 
Crimping Tools to fasten the connectors 
to the ca ble with a cylin dri cal metal 
ferrule. 

Present pra tice calls for a slightly 
overlapping double crimp , u tilizing the 
same diameter opening in the hex­
sha ped j aws of the cri mping tool .  The 
first crimp locks the cable braid be-

1 9  
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tween the ferrule and the knurled sur­
face of the outer-transition piece of the 
connector . The second crimp holds the 
cable jacket firmly in p lace. (See figure 
at right . )  

This second crimp is applied around 
the circular perforations on the ferrule . 
.Jacket retention is accomplished by 
the cold flow of the jacket material 
through the perforations , which are 
distributed evenly around the ferrule. 

The resulting squeeze on the cable 
can reduce braid diameter, thereby 
altering characteristic impedance at 
that point sufficiently to raise over­
al l  vswR performance.  

The new approach calls for use here 
of a larger crimp diameter, which 
avoids the discontinuity problem yet 
causes only a small  reduction in jacket-

Connector Cable Ferrule 

OUTER TRANSIT ION PIECE 

Section view of a G R 874 conn ector attac hed to a 
coaxial  cable.  The larger-diameter second cri m p  
sti l l  grips the jacket securely, without red ucing the 

diameter of the brai d .  

retention capability .  The re ult is a 
low-vswR connector assembly with 
good jacket retention , unless subj ected 
to severe pulling, twisting, or bending. 

The crimping tools offer an adequate 
selection of openings in their crimp dies 
to permit the diameter change. 

- J .  Z oRzY 

First Crimp Second Crimp 
( over braid ) ( over jacket ) 

Tool Die Size Tool Die Size 
Type No. Type No . Part No . ( inch ) ( inch ) 

874 -CA, -C LA, -PBA, 874-A2 5240-402 6 T0-58 0.375 T0-8 0.389 
-PLA, - PR LA 

87 4- C8A, -C L8A, RG-8, RG-2 1 3, etc 5 2 40-4028 T0-8 0.38 9  T0-8 0 • .4 1 1  

-P88A, -PL8A, (sin gle-braid only) 
, 

- PRL8A 

TYPE 1 806-P MU LTI P L I E R  

Omitted from the announcement in 
the Experim enter last month of the 
1 0 : 1  Range Multiplier for the TYP E  
1 806-A Electronic Voltmeter was men­
tion of the frequency characteristic 
Low-frequency roll-off of the Multi­
plier is less than 3o/0 at 1 0  kc/s .  It is 
useful, therefore, at frequencies from 

the top of the audio range up to wher 
the inductance of connecting leads 
might begin to cau e errors - at fre­
quencies in the vicinity of 200 M c/s . 
The addition of the multiplier has no 
appreciable effect upon the resonant 
frequency of the probe. 

- J . J .  FARA N  

G e n e r a l R a d i o  C o m p a n y  
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