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SUMMARY

A portable battery operated vibration meter has been developed to read vibration 
levels detected by velocity sensing transducers. Direct reading of velocity, displacement 
or acceleration is possible by switch selection of the appropriate parameter. An opera
tional amplifier employing an integrated circuit performs the functions of straight ampli
fication, integration and differentiation to enable these measurements to be made. Band
width selection is possible by means of switched high pass and low pass filters.
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1. INTRODUCTION

The measurement of vibration levels on engines and structures at locations remote from 
the laboratory is a frequent requirement of Flight Research Group. Vibration data may be 
readily recorded on magnetic tape using FM recording techniques. Analysis of the data so 
recorded may be performed back at the laboratory where appropriate data reduction equipment 
is available. However, it is frequently desirable to have an instrument which will enable spot 
checks of vibration levels in the field to be made with immediate indication of level. It is for this 
latter application that a portable battery operated vibration meter has been developed.

The vibration meter enables inputs from four velocity sensing transducers to be indepen
dently adjusted via input potentiometers for correct meter reading and to be individually selected 
via a switch. Selection of the bandwidth of interest is possible using switched high pass and low 
pass filters. The meter displays velocity in inches per second peak, displacement in mils peak to 
peak, and acceleration in g units peak. The appropriate display is selected with a switch. If 
the input potentiometers are set to provide correct velocity readings, the meter will also be 
calibrated to read correctly in displacement or acceleration.

2. INSTRUMENT SPECIFICATION

The instrument described in this report has been developed to meet the following speci
fication prepared from the collated requirements of a number of regular users of vibration 
measuring equipment:

The vibration meter is to be used with velocity sensing transducers having sensitivities 
within the range 50 to 150 millivolt/inch per second when terminated with a 10 kilohm load. 
Up to four inputs individually selectable via a switch are to be accommodated. Individual gain 
adjustment (calibration) is required for each input.

Full scale deflection of the meter is required in steps to cover the following ranges: 
Velocity 0-5 ips (inch per second) to 50 ips peak
Displacement 0-5 mil to 500 mil peak to peak 
Acceleration 0-5g to 150g peak.

For ease of marking and reading the meter it is desirable to have the same set of scale 
numbers for velocity, displacement and acceleration measurements. A 5-15-50 format is sug
gested. The appropriate vibration display (velocity, displacement or acceleration) is to be select
able via a switch.

The 3 db bandwidth over the complete range of measurements is to be 3 Hz to 10 KHz. 
Addition of individually selectable high pass and low pass filters for bandwidth selection is 
required. The requisite cutoff frequencies (frequencies at which responses are 3db down) for 
the high pass section are to be 200 Hz, 400 Hz, 800 Hz and 1600 Hz; those for the low pass 
section are to be 50 Hz, 100 Hz, 200 Hz and 400 Hz. A switch and suitable connectors are to 
be incorporated to enable the insertion of an external bandpass filter (the output of the external 
filter is to be read via the meter).

The vibration meter must operate from a self-contained rechargeable battery pack. The 
meter is to be marked to indicate, simply by pressing a “battery check” switch, whether the 
batteries are in need of charging. The ability to charge the batteries in situ (using a charger 
which is a separate unit) is essential.

3. INPUT ARRANGEMENT

The transducers require a constant 10 kilohm load irrespective of the form in which the 
vibration is to be measured, or which range is chosen. To achieve a constant input impedance
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and at the same time provide a gain adjustment, an emitter follower with 10 kilohm potentio
meters in the base circuit has been used. A high gain (low noise) type SE4010 transistor has been 
chosen for the emitter follower (see Input Circuit Arrangement drawn in Fig. 1). In this way 
the loading of the input potentiometers is negligible and the output impedance is sufficiently 
low to prevent signal degeneration as the input impedance of the main amplifier is lowered.

For the amplifier configuration of Fig. 1 the quiescent base current is typically 2 micro
amperes. If the potentiometers are adjusted for maximum gain most of the above base current 
(assuming that the transducer output resistance is much lower than 10 kilohm) will flow via 
the transducer switched to the input.

A typical velocity sensing transducer consists of a coil in which a magnet (seismic mass) 
is free to move against restraining forces imposed by springs attached to each end of the magnet. 
The coil ends are taken to the transducer output terminals. Under vibration the magnet moves 
relative to the coil causing an alternating flux to pass through the coil and hence causing an 
e.m.f. to be induced in the coil. If D.C. is passed through the coil a static deflection of the magnet 
relative to the coil will result. In most cases a D.C. current of 2 microampere would result in 
negligible deflection of the magnet. For this reason direct coupling of the transducers has been 
used in Fig. 1.

If D.C. current flow through the transducers must be prevented, A.C. coupling of the trans
ducers to the amplifier may be employed. However, to obtain a lower frequency limit of 3 Hz 
for the overall system the coupling capacitors would need to be quite high (at least 10 micro
farad).

Input cables from the transducers consist of two wires surrounded by a shield. The two 
inner wires are the active wires from the transducers and the shield is connected to the trans
ducer case. Entry to the vibration meter is via miniature 4-pin connectors which are wired such 
that the shields of the input cables are strapped down to the vibration meter case. A shorting 
link (see Fig. 1) provides optional connection of the vibration meter common terminal to the 
case ground.

4. THE MAIN AMPLIFIER

A block diagram of the complete vibration measuring system is drawn in Fig. 2. The input 
to the system is a vibration (the measurand) which may be expressed as a velocity, a displace
ment or an acceleration. If v is defined as velocity, d as displacement and a as acceleration, 
then

(I --- I vdt 
o

dv
and a --■= ,dt

The velocity sensing transducer generates a voltage e, which is proportional to velocity

e, = A,v

where A, is the sensitivity of the transducer and ranges from O’05 to 0-15 volt/inch per second, 
(refer to section 2) for the transducers to be used with the vibration meter.

In order to enable the vibration meter to be set to read correctly for transducers having 
different sensitivities an input sensitivity adjustment (refer to section 3) has been added. The 
voltage e., at the wiper of the sensitivity adjustment potentiometer (or at the emitter of Q1 
assuming the emitter follower has unity gain) is given by

e2 = A,A2v
The constant K., is varied by adjustment of the input potentiometer (see Fig. 1) such that 

the constant A, A2 remains invariant and has a value of 0 05 volt/ips.
If the main amplifier is operated as a straight amplifier, an integrator and a differentiator, 

then the output eu will be, respectively, an analogue of velocity, displacement and acceleration. 
These operations may be readily performed by suitable selection of input and feedback imped
ances about a high gain amplifier (see Fig. 3). Such an amplifier is usually referred to as an 
“Operational Amplifier” for which there are many references in the literature.1, 2
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For the straight amplifier case

!(K3v - ~ r)

- ~ KxK.2 -v
R,
r'

Eov
V,7 =

R-2
Ri

R 2
= O'05 -- volt/ips 

R1

where Eov is the peak value of e0l, and V is the peak value of v.
For the integration case

Cq d — R?, o I c 2dt
J 0

RaCa Jo

kik2 c 
RaCaJ0

RlR-2
"" RaCa

Rod R\R 2 
o’ = o7c,

005

e2 dt ( K3D

v dt

RaC*

Rac a 
5-10-
RaCa 

Eod 2-5.10 
2D

volt/inch 

- volt/mil

volt/mil peak to peak
RaCa

where E0D is the peak value of e0D and D is the peak value of d.
For the differentiator case

de2
e0A = R3A

d e.,
= RbCr cjt (Rsa — ~ 

dv
= - R,R> Rbcb dt

= — R1R0 RbCb a 
Eoa
-A- = RiR2 RbCh

= 0-05 RbCb volt/in. sec ~2
where E0A is the peak value of e0A, and A is the peak value of a.

£
4" = 386-4.0-05 RbCb volt/g

RbC b)

(assuming g = 32-2 ft.sec-2.)
= 19-3^bCb volt/g
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A set of feedback and input impedances (see Fig. 3) has been chosen to provide 1 volt peak 
output from the main amplifier at full scale. In Table 1 the impedance values are listed for the 
various ranges. Feedback resistor R2i has been made invariant in the straight amplifier (velocity 
indication) case and the value of the input resistor Rx is changed according to the range required. 
In the case of the integrator (displacement indication) the value of the feedback capacitor CA 
is made invariant and is chosen such as to enable the same values of input resistor RA to be 
used as in the straight amplifier case. Range changing is accomplished by changing R4. The 
value of the input capacitor CB has been made invariant for the differentiator (acceleration 
indication) and range changing is accomplished by changing the value of the feedback resistor RB. 
CB has been chosen such that the range of values of RB is the same as for Rx. Since the ranges
chosen follow a 3 ; 1 ratio for full scale (not a VlO : 1 in which case 1/VlO = V10/10) some 
of the values of RB will differ from those of Rv

The availability of moderately low cost integrated circuit amplifiers led to the choice of a 
Fairchild Type p.A709 for the main amplifier. A brief summary of the characteristics of greatest 
importance in the present application are given below:

Input Resistance 150 kilohm (minimum)
Output Resistance 150 ohm (typical)
Voltage Gain 15,000 (minimum for ±12 volt supplies)
Power Requirement 100 milliwatt (maximum for ±12 volt supplies)
Output Swing 16 volt peak to peak (minimum for load resistance greater

than or equal to 2 kilohm).
The effect of finite input impedance and finite gain of the open loop amplifier will now be 

considered for each of the operational amplifier configurations used (see Stata3). Referring to 
the simplified operational amplifier arrangement of Fig. 4 we may write:

(G - eJFi ± (e2 - ex)Y2 = exYi 

where F,, Y2 and Y, are admittances.

e* = ~A

— A p — — n

y, + -a(yx + y2+ r,)

where AF is the overall gain with feedback

AF — y,

1 + A\] +
Fi + Yc

Y2{\ ± E)

where . - T> +

and for correct operation e 1. 
For e small

A.**
(i - •>

For velocity indication s will be greatest when Rx = 5K. Yt 4 Yx{Rt = 1/F, = 150A" mini
mum).

Yt 

R*
~' A\ 1 + Rx
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TABLE 1
STRAIGHT AMPLIFIER

PEAK VELOCITY V 0-5 ips 1 - 5 ips 5 ips 15 ips 50 ips 150 ips 500 ips

Eov IK IK IK IK IK IK IK

R-2 E»V
R\ " K 40 40

3 4 t 0-4 0-4
3 0-04

R2 (ohm) 200A: 200K 200A 200A 200K 200A: 200a:

/?! (ohm) 5K 15 K 50a: 150 A 500K 1-5 M 5 M

INTEGRATOR

PEAK TO PEAK DISPLACEMENT 2D 0-5 mil 1 -5 mil 5 mil 15 mil 50 mil 150 mil 500 mil

E-od IK IK IK IK IK IK IK

2DRaCa = 2-5.10-5 =-
£od

1-25.10-5 3-75.10-5 1-25.10-1 3 - 75.10 “4 1-25.10-3 3-75.10-3 1-25.10“2

CA (picofarad) 2-5 K 2 5K 2-5K 2-5K 2-5K 2-5K 2-5K

Ra (ohm) 5K \5K 50K 150A: 500K 1-5 M 5 M

DIFFERENTIATOR

PEAK ACCELERATION A 0-5 g 1-5 g 5g 15g 50g 150g 500g

T7
Z'OA IK IK IK IK IK IK IK

D S~< Eo A

B B ~ 19 3 A 1-035.10-1 3-45.10-2 1 -035.10-2 3-45.10-3 1 -035.10-3 3-45.10-4 1-035.10-4

CB (picofarad) 20-7 K 20-7A- 20 -7AT 20-7 K 20-1K 20 IK 20-7A:

Rb (ohm) 5 M 1-67AZ 500 a: 167AT 50 K 16-7AT 5K



Substituting A — 15,000 (specified minimum gain for a \xA109), R1 = 5K and R2 = 200K.

we obtain
41

£ = Ts^doo

= 0-0027 

= 0-27%

The error will increase at high frequencies due to the drop in open loop gain.
For displacement indication (amplifier connected as an integrator) the maximum error 

will occur when RA = 5K and when the frequency is at the lowest value of interest (i.e. 3 Hz).

s assuming Yx > Yt as for the velocity case

if1 2nfRACj

Under the conditions detailed above (i.e. / = 3 Hz, RACA = 1-25.10 5 sec)

1
e = -(1 - /4-20.103)

/4-20.103 
A

= - /0-28

substituting A — 15.10s (specified minimum gain for a ixA709).
Yx

Since AF — — y (\ — e) for e small the amplitude error (defined by t) is given by

z' = 1 — 11 — c|

If e is imaginary as for the present case 

z — 1 — V1 + | e|2 

I el2
~----Y for | e|2 1

Substituting |e| =0-28 we obtain
(0-28)2

c' = - ~r

= - 0 -039

= - 3-9%
The negative sign implies that the actual gain is greater than the ideal value.
It will be shown later in this section that the addition of a stabilizing network produces 

peaking near the lower frequency limit of the integrator. The small amount of peaking predicted 
in the above analysis is very small compared with the peaking due to the stabilizing network.

For acceleration indication (amplifier connected as a differentiator) the amplitude error 
will be greatest when the frequency is at the highest value of interest (i.e. 1 OAT Hz). At lOA' Hz 
the phase shift in the amplifier must be considered.

From the earlier analysis we may write

Ap=_ -(r^E)

where

For the differentiator

n + Yi\
y, 7

Y1 = jlizfCB and Y2 = l/RB
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At 1 OAT Hz | KjI P Yt and hence

Further Yx/Yt = jlTzfRBCB

Values of RBCB for different values of RB are given in Table 1.
At 1 OAT Hz the magnitude of Yx/Y.l varies from 6-50.103 for RB = 5M to 6 ■ 50 for RB = 5K. 

Amplitude errors will be greatest for the higher values of RB and hence

1^1
\Y2\ > in the region of interest

I
e~AY2

The amplitude error e' is given by

•'= 1" I nr-i

(Note that earlier 1/(1 + e) was approximated by 1 — s for s small, but that assumption 
may not be valid here.)

Substituting q = 2tc/ RbCb and letting 6 be the phase shift of A we may write

Jq
* 5 |z(|(cos 0 + ./ sin 0)

jq
= 1 + 7—7i(cos 9 — / sin 0)Ml

q q
— I + , sin 6 + / .—•| cos 6

Ml ‘ Ml
11 +s| + til) + 2(iii)sin 6

In this case the measured loop gain and phase of the amplifier will be used. The open loop 
gain of the amplifier used has been plotted in Fig. 5.

At 10K Hz \A\ = 4-22.103 (i.e. 72-5 db-see Fig. 5).
The phase shift 0 has been measured at 1 OAT FIz and found to be — 35° approximately.
In the following table the predicted errors are given as a function of the feedback resistor RB.

Rb q |1 + «| e'(%)

5 M 6-50.103 1 -27 +22%
\-61M i 2-17.103 0-82 -22%

500K 6 50.102 0-92 ~9%
167 A" 2-17.102 0-97 -3%
50 K 1 6-50.10 0-99 -1%
\(rlK 2-17.10 1 -00 0%
5 K 6-50 1 -00 0%

The above table indicates that the error changes sign and is greatest for RB large. For values 
of Rb below \61K the error is negligible. It will be indicated later in this section that a resistor 
of value 820 ohm is placed in series with CB to limit the overall gain at high frequencies. Such 
a series combination produces approximately 3 db (x 30%) drop in gain at lOA' Hz. This 
drop in gain must be added to the figures for s' given in the above table to predict the overall 
amplifier response.
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Frequency compensation components have been added to the \xA109 circuit to achieve a 
stable wideband amplifier. R25, Cl and C8 (see Fig. 6) are used for frequency compensation. 
Data sheets for the \lA709 illustrate the effect on frequency response as these components are 
varied. The non-inverting input has been bypassed to amplifier common by way of a 100 pico
farad capacitor. Input resistors /?23 and R2A provide DC paths to amplifier common. In Fig. 5 
the open loop frequency response of the circuit of Fig. 6 has been plotted.

Silicon diodes CR\ and CR2 have been added to the input to protect the \iA109 from 
possible catastrophic failure due to input voltage transients (see Giles4). Under normal operating 
conditions the voltage drop across these diodes is so small as to ensure that they remain in 
the non-conducting state.

Full circuit details of the main amplifiers are given in Fig. 7. Range changing in the case of 
the straight amplifier and the integrator is accomplished by switching the input resistor and 
in the case of the differentiator by switching the feedback resistor.

The frequency response of the straight amplifier for the various ranges has been drawn 
in Fig. 8. In order to eliminate high frequency peaking in the response curves a 4-7 picofarad 
capacitor has been incorporated in shunt across the feedback resistor. The 3 db frequency 
response for the worst case (Rx = 5K in Fig. 8) is 1 Hz to 120 A' Hz which exceeds the design 
specification requirements.

The basic integrator circuit depicted in Fig. 3(b) will not perform satisfactorily because 
of the extremely high gain at zero frequency. Under these conditions drift voltages and currents 
would cause the amplifier to overload. In order to stabilise the amplifier it is essential to reduce 
the DC gain and at the same time enable the full integrator gain to be realized above 3 Hz. 
The feedback network (depicted in Fig. 9) consisting of /?,, R2, C2, R3, Rt and R3 provides the 
necessary stabilization. The transfer impedance (e0 divided by current fed back to summing 
junction) of the network made up of Ru R2 and C2 is given by

ZT j = /?] + R2 + ju>C2R\R2

This transfer impedance is inductive and will tune with the integrating capacitor CA.

Put Zn - R s + /toZ.x

where R s = Rt + R2

L s — CoRj R2

To calculate the resonant frequency it is desirable to express ZT1 in terms of an equivalent 
parallel resistance and inductance.

RP = As(l + Q2)

co L s
where Q ==

a s
The resonant frequency is given by

CO C-iRyRi

Ri + A»

LPCA

o>Q~LPCA — 1

1 /A1, - /GU
CaC2R,R2 \C2RiR2)
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Putting Rl - A2 = R — 500A' (ohm) 

C2 = 10M (picofarad)

CA = 2- 5AT (picofarad)

(J_V
1 CAC2 A2 1\CtR)

= 2 01 Hz

Resonant frequency is approximately 2 0 Hz.

at the resonant frequency

Q
(OnCo^= 7 - 316

RP = 2A(1 + 02)
= 1000(1 + 1000) A" 

~ 1000M

This impedance is so high that significant peaking in the frequency response characteristic 
will occur at 2 0 Hz. To reduce this peaking the resistive feedback consisting of A3, A4 and A5 
has been added. The transfer impedance of this network is given by

Z 72
R 3^4 + RiRs + ^3^5

“*r

r3
— A3 + A5 + A°

Substituting R3 -■ \ M, RA ^ 330 and A5 = 22K (all values in ohms) gives 

ZT2 = 1 022.10“ + 3.103.22.103 (ohm)

~ 67 M

A network consisting of three resistors having the above transfer impedance has been 
used in preference to a single feedback resistor because of the difficulty of obtaining such a resis
tor. At the resonant frequency the effective shunt resistance Aeff is the parallel combination of 
R p and ,Z y .2.

67.1000
l067

62. SM

M

Q eft — 2nf0CAR'tt
= 2tt:.2.2-5. 10-9.6-28.107 

--- 1 ■ 97

- 20

In Fig. 9 the response curves of the integrator have been drawn. These curves show a slight 
peaking at 2 Hz in agreement with the above analysis. At frequencies above a few hertz the 
integrating capacitor CA takes control of the feedback and hence the response curves show the 
characteristic 20 db/decade fall with frequency. For each range the ±3 db lower frequency limit 
(measured with respect to the 20 db/decade integrator characteristic) is not higher than 3 Hz. 
There is no problem in obtaining the requisite upper frequency limit for the integrator.

The response curves for the differentiator circuit are drawn in Fig. 10. Except at high fre
quencies, the curves show the characteristic 20 db/decade rise with frequency. Resistor A, 
(Fig. 10), of value 820 ohm, is placed in series with the differentiating capacitor Cu to limit the 
gain at very high frequencies and prevent high frequency oscillation. The series combination of 
A, and CB produces 3 db drop in gain at about 10A' Hz. Some disagreement is evident between



the predicted and experimentally determined responses. Due to the difficulty of accounting for 
various stray capacitances the high frequency performance is not easy to predict completely. 
An upper frequency limit of at least 10/f Hz is obtainable in each case. The requisite low fre
quency performance is readily obtainable.

5. FILTER CIRCUIT

The output of the main amplifier is coupled to a precision meter circuit (to be discussed 
in Sec. 6) by way of a filter having adjustable high pass and low pass cut-off frequencies. Tran
sistor Q3 (refer to Fig. 11) provides an impedance buffer between the main amplifier and the 
filter circuit. Coupling capacitors Cl 1 to C15 (refer to Fig. 11) vary the cut-off frequency of 
the high pass circuit and capacitors Cl8 to C21 vary the cut-off frequency of the low pass filter. 
The significant parameter of the filter network is the transfer admittance. The voltage across 
/?28 is a measure of the filter output current. Response curves for the high pass filter (for no 
high frequency cut) are drawn in Fig. 12. Similar response curves for the low pass filter (for 
no low frequency cut) are drawn in Fig. 13. By suitable selection of high pass and low pass cut-off 
frequencies the requisite bandwidth may be chosen. Both filters may be switched completely 
out of circuit when maximum frequency response is desired.

A facility for connecting an external filter in circuit has been incorporated by way of con
nectors P5 and P6, and coupling components Cl7 and R29. R29 is selected to compensate for 
the insertion loss of the external filter.

6. PRECISION METER CIRCUIT

A precision, average detecting, meter circuit employing a Fairchild Type p.A702A opera
tional amplifier has been used. The operational amplifier enables the meter to be fed from a 
closely ideal current source. Complete details of the meter circuit are given in Figs. 11 and 14.

A Model S21 Master Meter having a 50 microampere full scale sensitivity and a 3500 ohm 
meter resistance has been chosen. The meter is placed in a full wave rectifier bridge circuit 
(see Burn Brown Research Inc.1), which is in turn placed in the feedback path of the operational 
amplifier. To prevent amplifier DC offset currents from being read on the meter the bridge cir
cuit is AC coupled back to the summing junction via C22 (see Fig. 11). It is essential that C22 
have low leakage.

To provide the necessary DC stabilization resistors R30 and R32 have been added to the 
input and DC feedback has been introduced by way of R33 and R34. The feedback network 
made up of R33, R34 and C23 has a transfer impedance of approximately 10M at a frequency 
of 3 Hz. The transfer impedance of this feedback network rises with frequency and hence has 
little effect on the meter circuit performance in the frequency range of interest (refer to dis
cussion on the integrator in Sec. 4). Components R31, C25 and C28 provide suitable frequency 
compensation of the amplifier (see Widlar5'6' 7 and Giles8) and enable adequate closed loop 
bandwidth to be obtained. Ceramic disc capacitors C27 and C29 decouple the supply rails 
and prevent possible high frequency oscillation of the amplifier. Diodes CR3 and CR4 protect 
the amplifier from catastrophic failure which may occur due to input voltage transients.

In Fig. 15(a) the portion of the circuits of Figs. 11 and 14 of interest, as far as operation 
of the meter circuit is concerned, is redrawn. The forward and reverse current paths are marked 
showing the uni-directional flow of current through the meter. In the midband frequency range 
the transfer impedance (input voltage divided by output current) of the filter circuit is 2R (where 
R is the resistance as shown in Figs. 12 and 13). The equivalent meter circuit is drawn in Fig. 
15(b). Referring to Fig. 15(a) we may write:

e E
- = j=2R

where E and / are peak values of voltage and current respectively.
From Fig. 15(b) we may write

R2
‘M =R, +2R2 TrJ'1
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The average value of |/| is 21/-

R 2 2/
/m = R,+ 2*7+ *M - 

where 1M is the average current flowing through the meter

E R2
'■ - R(R7+2R2~+ ~Rm)

Full scale deflection of the meter is required for 1 volt peak output from the main amplifier, 

i.e. IM = 50 microampere for E = 1 volt.

Assuming R, RM and R2 are made invariant Rx may be chosen for the above condition 
to be fulfilled.

ER,
*1 — _i n — (27?, + Rm)fJ mr

Substituting R = IK, R2 = 20A" and Z?M = 3 -5K gives

/?! = 20-2 K

The above resistance is actually made up of the sum of the resistances of *38 and *39 in 
Fig. 14.

To prevent the meter following signals at the lower frequencies capacitor C24 has been 
added. For the value of capacitor used the meter time constant is 1 - 2 second 
(i.e. (C24)(/?38 + *39 + *M)).

In order to protect the meter from large overload currents, silicon diode CR1 (see Fig. 14) 
has been added. The diode, under normal conditions, has a low forward voltage drop but draws 
negligible current. The diode current at full scale deflection of the meter is approximately 0-2 
microampere. Under overload conditions current is shunted through the diode, thus preventing 
damage to the meter.

By replacing /?35 and /?36 (see Fig. 11) with diodes all the feedback current can be made to 
flow through the meter. Such an arrangement would allow maximum utilization of the available 
current drive. In the circuit under discussion adequate current drive is available to allow the 
use of resistors /?35 and /?36.

7. BATTERY SUPPLY

Since the meter is designed for use in situations where mains power is not readily available 
the instrument is fitted with its own battery pack. Rechargeable Eveready Type N67 Nickel- 
Cadmium cells having a capacity of 900 mAH have been adopted. Four of these cells which pro
vide 6 volts nominal per cell are used (see Fig. 14). To check the condition of the cells in situ 
a “Battery Check” switch has been incorporated. When this switch is depressed the meter reads 
the total battery pack voltage. If the meter reads below a red line marked on the scale the bat
teries require recharging. The meter indicates that the cells require recharging if the total volt
age is less than 22V (5 ■ 5 volt per battery). The approximate current drains of the complete vibra
tion meter circuit on the various supply rails are as follows:

+ 12V 14 mA
—6V 6 mA

-12V 8 mA

Postal Address: Chief Superintendent,
Aeronautical Research Laboratories, 
Box 4331, P.O.,
MELBOURNE, Victoria, 3001.
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COMPONENT LIST

Most of the resistors used are I.R.C. Type D.C.C. (deposited carbon types). Such resistors 
will be abbreviated by “DCC” in the following table.

(1) Resistors

Legend Value
(ohms)

Description

R\ ioa Variable, Bourns Type 224P—1 — 103
R2 10 a- Variable, Bourns Type 224P—1—103
R3 10 A Variable, Bourns Type 224P—1—103
R4 IOA Variable, Bourns Type 224P-1-103
R5 5'6A Fixed, DCC
R6 5A Fixed, DCC, selefct to 0-25%
R1 ISA Fixed, DCC, select to 0 -25 %
A8 16-7A Fixed, DCC, select to 0-25%
R9 50A Fixed, DCC, select to 0-25 %
R\0 150 A Fixed, DCC, select to 0-25%
R11 167A Fixed, DCC, select to O’25%
R\2 500A Fixed, DCC, select to 0-25%
R\3 1-67 M Fixed, DCC, select to O’25%
R\4 \-5M Fixed, DCC, select to 0-25%
R15 5 M Fixed, DCC, select to O’25%
R16 820 Fixed, DCC
R\7 200A Fixed, DCC, select to 0 -10%
A18 1M Fixed, DCC
R19 22K Fixed, DCC
R20 330 Fixed, DCC
R2\ 500A Fixed, DCC
R22 500A Fixed, DCC
R23 100 A Fixed, DCC
R24 100 A Fixed, DCC
R25 ISA Fixed, DCC
R26 5-6A Fixed, DCC
R21 Fixed, DCC, select to compensate for insertion loss of external 

filter
R2S 2A Fixed, DCC
R29 2A Fixed, DCC
R30 50A Fixed, DCC
R3\ 220 Fixed, DCC
R32 50A Fixed, DCC
R33 220A Fixed, DCC
R34 220A Fixed, DCC
R35 20A Fixed, DCC
R36 20A Fixed, DCC
R31 420A Fixed, DCC
A38 1A Fixed, DCC
R39 19A Fixed, DCC
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(2) Capacitors

Legend Value
(picofarad)

Description

Cl 10 A/ Electrolytic, Ducon Type EUO408, 50 V.W.
C2 10'IK Styroseal, Ducon Type DEB, 50 V.W., select to 0-25%
C3 4-7 Ceramic, Ducon Disc Type CDS, 500 V.W.
C4 10 M Electrolytic, Ducon Type EUO408, 50 V.W.
C 5 1-5K Styroseal, Ducon Type DEB, 50 V.W., select to 0-25 %
C6 100 Ceramic, Ducon Disc Type CDS, 500 V.W.
Cl 68 Ceramic, Ducon Disc Type CDS, 500 V.W.
C8 3-3 Ceramic, Ducon Disc Type CDS, 500 V.W.
C9 110K Ceramic, Ducon Disc Type CDR, 25 V.W.
CIO 110K Ceramic, Ducon Disc Type CDR, 25 V.W.
Cll 10 M Electrolytic, Ducon Type EUO408, 50 V.W.
C12 820A' Polyester, Ducon Type DMA, 160 V.W.
C13 410AT Polyester, Ducon Type DMA, 160 V.W.
C14 100K Polyester, Ducon Type DMA, 160 V.W.
CIS \00K Polyester, Ducon Type DMA, 160 V.W.
C16 10 A/ Electrolytic, Ducon Type EUO408, 50 V.W.
C17 10A/ Electrolytic, Ducon Type EUO408, 50 V.W.
C18 100 A- Polyester, Ducon Type DMA, 160 V.W.
C19 100K Polyester, Ducon Type DMA, 160 V.W.
C20 400A" Polyester, Ducon Type DMA, 160 V.W.
C21 800A" Polyester, Ducon Type DMA, 160 V.W.
Cll 10M Metallized Film, Wima Type MKS, 60 V.W.
C23 10 A/ Electrolytic, Ducon Type EUO408, 50 V.W.
C24 50A/ Electrolytic, Ducon Type EU808, 50 V.W.
C25 \K Polyester, Ducon Type DMA, 160 V.W.
C26 100 Ceramic, Ducon Disc Type CDS, 500 V.W.
Cll 110K Ceramic, Ducon Disc Type CDR, 25 V.W.
C28 100 Ceramic, Ducon Disc Type CDS, 500 V.W.
C29 110K Ceramic, Ducon Disc Type CDR, 25 V.W.

(3) Semiconductors

Legend Description

0 i Transistor, silicon, NPN, Fairchild Type SE4010
02 Integrated circuit amplifier, Fairchild Type (xA709
03 Transistor, silicon, NPN, Fairchild Type SE4010
04 Integrated circuit amplifier, Fairchild Type ;xA702A
CR1 Diode, silicon, Type OA202
CR1 Diode, silicon, Type OA202
CR3 Diode, silicon, Type OA202
CR4 Diode, silicon, Type OA202
CR5 Diode, silicon, Type OA202
CR6 Diode, silicon, Type OA202
CR1 Diode, silicon, Type IN657
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(4) Switches

Legend Description

51
52
53
54
55
56
57
58

Oak, single pole, 11 position, break before make (4 positions used)
Painton Winkler, 4 pole, 7 position, make before break
Oak, 2 decks of 2 pole, 5 position, make before break
Bulgin, on/off toggle switch
Oak, single pole, 11 position, break before make
Oak, single pole, 11 position, break before make
Alcoswitch Type MSP-205R, double pole, change over, biased
Oak, 3 pole, 3 position, break before make

(5) Connectors

Legend Description

P\
P2
P3
PA
P5
P6

Chassis plug, Cannon Type KPT02 E-8-4P
Chassis plug, Cannon Type KPT02 E-8-4P
Chassis plug, Cannon Type KPT02 E-8-4P
Chassis plug, Cannon Type KPT02 E-8-4P
Chassis socket, BNC
Chassis socket, BNC
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