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AVO - AVOmeter 8 
 
 


 
 
AVOmeter model 8 probably was the most appreciated multimeter, in production 
from the early fifties up to 2008, with several revision levels, up to Mark 7. 
 
Basically type 8 was built around a 50 µA moving coil meter with spring-loaded 
jewels which resulted in a smooth movement. The multimeter could read voltages 
and currents, both DC and AC, plus resistance values. Up to the MKV there were 
separate inputs for high DC and AC voltages, 2500 or 3000 volts, depending upon the 
revision. Later the HV ranges were suppressed, due to stupid safety rules. 
 
Exceptionally sturdy and reliable, protected against any overload, it was really 
indestructible. My early MKII fell from a pylon, from a height of about 15 meters, 
and all that I noticed were a small scratch on a knob and the tripping of the potective 
cut-out.  
 
Here is the manual of AVOmeter 8 MKII. 








Dana 5900 Multimeter 
 
 


 
 
 
High precision autoranging 5 ¾ digit digital multimeter. 
 
0.1 V to 1000 V DC full scale as voltmeter. 160% overrange. 
Basic accuracy 0.001% of f.s. 
 
10 ohms to 100 Mohms full scale as ohmmeter. Basic accuracy 0.002%. 
 
Operator and service manual for Dana 5900 digital multimeter. 
  
 


 








Keithley 660A - Differential Voltmeter 
 
 
 


 
 
 
The Keithley 660A is a differential voltmeter which can be used as potentiometer or 
as VTVM.  
 
As potentiometer it can measure from 100 microvolts full scale to 500 volts, with an 
error lower than 0.02% in the ranges from 100 mV up. As VTVM it reads from 1 mV 
to 500 V with 3% accuracy and resistances up to 100.000 megahoms.   
 
Input resistance depends upon the selected range, being 50 Mohms from 0.1 V full 
scale, and raises to infinity at the null. The meter includes a 500 VDC precision 
voltage reference, the Kelvin-Varley divider and the chopper stabilized null detector. 
Below a simplified block diagram. The unknown voltage is compared for null against 
the voltage generated by a 500V reference supply and a Kelvin-Varley divider. 
 


 
 


Here is the full manual. 








HP 410B - Vacuum Tube Voltmeter 
 
 


 
 
 
The HP 410B was one of the most appreciated vacuum tube voltmeters, usable from 
DC to about 3000 MHz.  
 
Seven DC ranges, 1, 3, 10, 30, 100, 300 and 1000 V full scale. 122 megohms input 
resistance. 3% accuracy. Resistance measurements from 0.2 ohms to 500 megohms in 
seven ranges. 
 
In AC the 410B reads from 1 to 300 V rms in six ranges. Frequency response is flat 
within ±1 db up to 700 MHz. 
 
Six tubes, including the 2-01C/EA53 planar diode detector in the AC probe and the 
type 6-4 ballast in the heater circuit of the detector. Other tubes are: 6X4, 0B2, 
12AU7, 12AU7. 
 
Here is the manual of 410B. 
 
 








Guildline 9152 / 12 - Primary Voltage Standard 
 
 


 
 
The Weston cell was first devised in 1893 and accepted as primary voltage standard 
since 1911. Still today it is in semi-clandestine use to check erratic solid state voltage 
references. Due to environmental restrictions for its major components, mercury and 
cadmium, its use is very limited and secret today. Unfortunately, even the 
documentation and the same datasheets have been removed from the Web, probably 
fearing mercury contamination of the keyboards! 
 
This instrument, made by Canadian Guildline, includes twelve Weston cells in a 
thermostated enclosure. Temperature is mantained at 30º C nominal and can be 
adjusted within ±0.02ºC around this value. It was intended as primary voltage 
reference in a metrology laboratory. In origin Guildline was the Canadian distributor 
of the British Tinsley. 
 
 
Some notes on the Weston cell 
 
Weston reference cells are very high precision batteries, built until today with the 
same care and the same chemical elements and compounds as in 1892, when the first 
cell was built by Edward Weston: platinum, mercury, mercury sulfate solution, 
cadmium sulfate saturated solution, 12,5% cadmium and mercury amalgam, 
platinum. The Weston cell was derived from the Latimer-Clark one, which was in use 
since 1893 as an absolute reference cell, giving an output voltage of 1,4328 V at 15° 







C. The Weston standard cell gave an output voltage of 1,01830 V at 20° C and 


 balance condition, or the 
ero current condition. Such measuring technique, based upon the current nulling, 


t any temperature, other than 20°C, the output voltage of the Weston standard cell 


,00000095*(t – 20)² + 0,00000001*(t – 20)³ 
 
where t is the actual room temperature. 


granted the lowest temperature coefficient. 
 
People today, if asked for a precision voltage reference, can imagine a complex 
measuring system, with a lot of microcontrollers and of computers, all exchanging 
gigabyte of data to do nothing else that generating a simple voltage. People of 
yesterday, having no computers but their brains, had to rely upon simple, yet 
dependable, solutions. For almost a century, since the Berlin Conference in 1905, 
when the Weston cell was accepted as the absolute voltage standard, it has been the 
voltage primary standard, against which to compare all other voltage sources. Either 
putting it inside a simple temperature controlled oven, or computing the voltage 
deviation at any given temperature, its output voltage was the true voltage reference. 
And in the past even the measure of any voltage source against this reference was 
very, very simple and accurate, based upon balancing a voltage derived through a 
potentiometer from the unknown, against the cell itself. To measure any voltage with 
unsurpassed precision you just needed the Weston cell, any suitable potentiometric 
voltage divider and a sensitive galvanometer, to read the
z
was simple, yet independent of the cell internal resistance. 
 
A
could be computed according to the formula: 
 
V(t) = 1,01830 – 0,0000406*(t – 20) – 0





		Some notes on the Weston cell






Guildline 9152-T6 - Primary Voltage Standard 
 
 


 
The Weston cell was first devised in 1893 and accepted as primary voltage standard 
since 1911. Still today it is in semi-clandestine use to check solid state voltage 
references. Due to environmental restrictions for its major components, mercury and 
cadmium, its use is very limited and secret today. Unfortunately, even the 
documentation and the same datasheets have been removed from the Web, probably 
fearing mercury contamination of the keyboards! 
 
This instrument, made by Canadian Guildline, includes six Weston cells in a 
thermostated enclosure with a thermomenter on the front side. Temperature is 
mantained at 30º C nominal and can be adjusted within ±0.02ºC around this value. It 
was intended as primary voltage reference in a metrology laboratory. In origin 
Guildline was the Canadian distributor of the British Tinsley. 
 
 
Some notes on the Weston cell 
 
Weston reference cells are very high precision batteries, built until today with the 
same care and the same chemical elements and compounds as in 1892, when the first 
cell was built by Edward Weston: platinum, mercury, mercury sulfate solution, 
cadmium sulfate saturated solution, 12,5% cadmium and mercury amalgam, 
platinum. The Weston cell was derived from the Latimer-Clark one, which was in use 
since 1893 as an absolute reference cell, giving an output voltage of 1,4328 V at 15° 
C. The Weston standard cell give an output voltage of 1,01830 V at 20° C, granting a 
very, very low temperature coefficient. 
 







People today, if asked for a precision voltage reference, can imagine a complex 
measuring system, with a lot of microcontrollers and of computers, all exchanging 
gigabyte of data to do nothing else that generating a simple voltage. People of 
yesterday, having no computers but their brains, had to rely upon simple, yet 
dependable, solutions. For almost a century, since the Berlin Conference in 1905, 
when the Weston cell was accepted as the absolute voltage standard, up to the 
nineties it was the voltage primary standard, against which comparing all other 
voltage sources. Either putting it inside a simple temperature controlled oven, or 
computing the voltage deviation at any given temperature, its output voltage was the 
true voltage reference. And in the past even the measure of any voltage source against 
this reference was very, very simple and accurate, based upon balancing a voltage 
derived through a potentiometer from the unknown, against the cell itself. To 
measure any voltage with unsurpassed precision you just needed the Weston cell, any 
suitable potentiometric voltage divider and a sensitive galvanometer, to read the 
balance condition, or the zero current condition. Such measuring technique, based 
upon the current nulling, was simple, yet independent of the cell internal resistance. 
 
At any temperature, other than 20°C, the output voltage of the Weston standard cell 
could be computed according to the formula: 
 
V(t) = 1,01830 – 0,0000406*(t – 20) – 0,00000095*(t – 20)² + 0,00000001*(t – 20)³ 
 
where t is the actual room temperature. 





		Some notes on the Weston cell






Tinsley 1149 Weston Standard Cell 
 
 


 
 
The Weston cell was first devised in 1893 and accepted as primary voltage standard 
since 1911. Still today it is in semi-clandestine use to check solid state voltage 
references. Due to environmental restrictions for its major components, mercury and 
cadmium, its use is very limited and secret today. Unfortunately, even the 
documentation and the same datasheets have been removed from the Web, probably 
fearing mercury contamination of the keyboards! 
 
Tinsley builds Weston cells since 1911. This model, including two Weston cells, was 
intended as voltage primary reference for laboratory use. 








EPLAB Student’s Cell 
 
 


 
 
The Weston cell was first devised in 1893 and accepted as primary voltage standard 
since 1911. Still today it is in semi-clandestine use to check solid state voltage 
references. Due to environmental restrictions for its major components, mercury and 
cadmium, its use is very limited and secret today. Unfortunately, even the 
documentation and the same datasheets have been removed from the Web, probably 
fearing mercury contamination of the keyboards! 
 
This model, made by Eppley, was intended as voltage reference in laboratory use.  
 
 
Some notes on the Weston cell 
 
Weston reference cells are very high precision batteries, built until today with the 
same care and the same chemical elements and compounds as in 1892, when the first 
cell was built by Edward Weston: platinum, mercury, mercury sulfate solution, 
cadmium sulfate saturated solution, 12,5% cadmium and mercury amalgam, 
platinum. The Weston cell was derived from the Latimer-Clark one, which was in use 
since 1893 as an absolute reference cell, giving an output voltage of 1,4328 V at 15° 
C. The Weston standard cell gave an output voltage of 1,01830 V at 20° C and 
granted they lowest temperature coefficient. 
 
People today, if asked for a precision voltage reference, can imagine a complex 
measuring system, with a lot of microcontrollers and of computers, all exchanging 







gigabyte of data to do nothing else that generating a simple voltage. People of 
yesterday, having no computers but their brains, had to rely upon simple, yet 
dependable, solutions. For almost a century, since the Berlin Conference in 1905, 
when the Weston cell was accepted as the absolute voltage standard, it has been the 
voltage primary standard, against which to compare all other voltage sources. Either 
putting it inside a simple temperature controlled oven, or computing the voltage 
deviation at any given temperature, its output voltage was the true voltage reference. 
And in the past even the measure of any voltage source against this reference was 
very, very simple and accurate, based upon balancing a voltage derived through a 
potentiometer from the unknown, against the cell itself. To measure any voltage with 
unsurpassed precision you just needed the Weston cell, any suitable potentiometric 
voltage divider and a sensitive galvanometer, to read the balance condition, or the 
zero current condition. Such measuring technique, based upon the current nulling, 
was simple, yet independent of the cell internal resistance. 
 
At any temperature, other than 20°C, the output voltage of the Weston standard cell 
could be computed according to the formula: 
 
V(t) = 1,01830 – 0,0000406*(t – 20) – 0,00000095*(t – 20)² + 0,00000001*(t – 20)³ 
 
where t is the actual room temperature. 





		Some notes on the Weston cell



