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Lavoie LA-265A 
 


 
The LA-265A is a mainframe oscilloscope with DC to 30 MHz bandpass and 12 ns 
risetime. Remarkable are the distributed gain vertical amplifier, using 12 6DK6 tubes 
and the vertical delay line, with 70 LCR adjustable elementary cells. 
 
It was a copy of the Tek 545, made to militay standards under US government orders. 
This sample, fully working and complete of its operator/service manual, is equipped 
with the LA-265-CA vertical plug-in amplifier, the equivalent of Tek CA. 
 
Here an article on the differences between the LA-265A and the Tek 545. 
 
Photo gallery. 
 








Tektronix 310A - 3-inch Service Oscilloscope 
 
 


 
 
 
The oscilloscope model 310A well illustrates the low end Tektronix production. The 
310A can be dated around the late fifties as replacement for the model 310, 
introduced in 1955. At the time it was a compact portable instrument, measuring only 
10 for 6 ¾ for 17 inches, intended for in field servicing of electronic equipment. The 
310 in its first year was sold for 595 US dollars. To give an idea of how expensive 
this little oscilloscope could be, a 5 inch oscilloscope with the same bandwidth, like 
the Heatkit O-10 was listed at 69,50 US dollars. 
 
Despite the compactness, about a shoe box, and the small 3-inch CRT, data are quite 
impressive for a service oscilloscope. The cabinet is full of parts, including thirty 
vacuum tubes, the CRT, twelve silicon diodes, that replaced three selenium bridge 
rectifiers of the early productions, one germanium diode and four neon bulbs. 
Frequency response of vertical amplifier goes from DC to 4 MHz, decreasing to 3.5 
MHz at 10 mV/division. Vertical deflection sensitivity can be set from 10 mV to 50 
V/ division in twelve calibrated steps. Built-in square wave calibrator in 12 steps 
from 50 mV to 100 volts peak-to-peak. Time base can be selected from 0.5 
microsec/division to 5 sec/division in eighteen steps. The 5x magnifier increases 
sweep speed to 0.1 microsec/division. 3WP1 CRT with 1850 volts accelerating 
potential. This flexible instrument can be operated from 105 to 125 or from 210 to 
250 volts AC, 50 to 800 Hz. Internal DC supplies are all electronically regulated to 
grant stable operation even under poor line-voltage regulation. 
 
I found some units of this oscilloscope in a junkyard, in a rainy day over a large heap 
of scraps handled with a trash grapple head. I bought three units, the less warped 







ones, with apparently intact CRT. According to the labels these units came from 
some SHAPE (NATO command) depots, the last calibration dating around 1994.  
 
A lot of time was required to return two units, S/N 012561 and S/N 012572, to their 
original look, the third unit being used as source of hard to find spare parts. First of 
all it was necessary to remove all the side, the bottom and the back covers to 
straighten them. Then I had to paint the panels all around. The paint is not exactly 
like the original, but it is the best compromise I could find. A good cleaning was 
required to remove dust and dirt from inside. One unit even required the removal of 
some broken ceramic strips and some tube socket to straighten the warped power 
supply chassis. As usual in many old Tek oscilloscope, I had to rebuilt the handle of 
the scope S/N 012561. This job was the most complex for me and the result is 
anyway quite poor, as shown in the picture above. Next it was necessary to replace 
several embrittled cable clamps and many plastic bushings under the ceramic strips.  
 
Cleaning of the front panels required the removal of the knobs. This operation was 
very difficult, since knobs were fitted with a single tiny Allen screw. Quite strange 
for two sets with so close serial numbers, the size of screws was different on the two 
units. Broken feet and knobs were replaced with parts taken from the third unit. 
 
Service started cleaning the contacts of the power-on switch on both units. A small 
hole was drilled in the wall of the switches, to inject some contact cleaner inside, 
while rotating the knob back and forth. Then electrolytic capacitors were preformed 
at reduced voltage for about half an hour. At the power up both units appeared to be 
inoperative, with lamps and neon bulbs lighted but with dark screens. 
 
Electrical service of the 310A, S/N 012561. 
 
Voltages were quite close to their nominal values, with the exception of the 
unregulated 400V. I replaced the dried filter capacitor C660, adjusting the –150 volt 
to the exact value. All the voltages went within their specified values. A regular 
flickering of the neon diode B163 in the time base circuits indicated that this section 
was operating correctly. Using the right cautions and my old AVOmeter 8 MKIV, the 
one with 2500V f.s. range, I started to check the high voltage supply section. Here I 
found that the brightness and the focus controls were both faulty. A short between the 
cursor and one of the side connections could be measured. Some oxide grown 
between the base metal plate and the rivets connecting the resistive element to the 
terminal lugs was at the origin of the problem. The problem was cleared replacing the 
two potentiometers with the good ones taken from the third unit.  
 
The trace appeared, but after few minutes focus and brightness became to drift 
considerably, while the absolute value of high voltage was rapidly decreasing under 
1600 volts. The voltage on the screen grid of the oscillator V704, a 6AQ5, was at its 
maximum value, indicating that the control loop was operating fine. The new 







problem was fixed in a faulty C705 resonating capacitor across the primary winding 
of the HV transformer. The capacitor was leaky, probably punctured, and the leakage 
increased when warm, after few minutes of operation.  
 
The oscilloscope is now fully operating, with a sharp and brilliant trace. I took the 
picture below, removing the plexiglass graticule to better focus the camera. 


 
 
Electrical service of the 310A, S/N 012572. 
 
Moving the trace position controls, a sort of unfocused spot was visible on the screen, 
but horizontal deflection was inoperative. A check of the supply voltages returned a 
quite low value, around 85 volts, on the regulated +100 V supply line. The filter 
aluminum capacitor C630 was found dried and was then replaced. Even the +300V 
was someway low, around 285 volts. The problem was cleared replacing the 12B4 
series pass regulator tube, V663. Once fixed the problems in the power supply 
section, the time base returned to its operation, even if the trace appeared 
considerably out of focus. The value of the accelerating voltage was found around -
1550 volts and a small adjustment of the trimmer R741, H.V. Adj, was required to 
return this voltage to its nominal value, -1675 volts. The trace is now sharp and 
brilliant as in the picture below. 
 


 
 


Click here for photo gallery. 
 
 
 







 
 


 
 


 





		Tektronix 310A - 3-inch Service Oscilloscope






Tektronix 502A - Dual Beam Oscilloscope 
 
 


 
 
 
5-inch dual beam oscilloscope. Introduced in 1963. 
 
DC to 1 MHz bandwidth. Sensitivity can be as high as 0.1 V/cm with bandwidth 
reduced to 100 kHz. 
 
5021 dual gun CRT with P2 standard phosphor; 3 kV accelerating voltage. 502 may 
also be operated as dual beam X-Y display.  
 
 


 
 
 





		Tektronix 502A - Dual Beam Oscilloscope






Tektronix 515A - 5-inch Service Oscilloscope 
 
 


 
 
515A was a 5 inch portable oscilloscope introduced around 1959 as portable service 
instrument. Actually it was a single channel oscilloscope, even if it had two coaxial 
inputs, switched by means of a rotary switch on the panel. Probably two full channels 
would have affected complexity and cost, raising them at the same level of the plug-
in mainframes. Even with this compromise, its price was very high, 800 US dollars in 
1959. In those years for the same price one could buy a small flat. We can imagine 
that its user connected two probes at two different test points and could select the 
waveform to display simply rotating the selector knob.  
 
Its specs were quite impressive too. Vertical deflection bandpass was DC to 15 MHz 
within 3dB, while risetime was under 23 nanoseconds. Time base went from 200 
nanoseconds/cm to 6 seconds/cm in 22 calibrated steps; x5 magnifier extended fastest 
sweep rate down to 40 nanoseconds/cm. Internal trigger operated up to 15 MHz with 
as little as 2 mm vertical deflection.  
 
Its 5 inch flat screen CRT, type T55-P2 or P32, operated with 4KV accelerating 
potential. Other phosphors, P1, P7 or the high writing speed P11, were available as 
option. 
 
In about 13.5 kg its circuits used 33 vacuum tubes, including the CRT, plus 11 neon 
bulbs, 3 incandescent lamps and 3 bridge selenium rectifiers, replaced by 12 silicon 
diodes from S/N 4030 upward. Even a T-12G germanium diode was used starting 
from S/N 4804 in the trigger circuit. 
 
 







Servicing the 515A 
 
In its 515/515A manual Tektronix opens the section dedicated to the troubleshooting 
with the following sentences: 
 
‘This is a complex electronic instrument. There is no simple way of locating troubles. 
With an understanding of the circuits, you will generally be able to localize the 
trouble just from front panel observations.’ Of course nothing is said about the 
difficulties of locating faults when no trace appears. 
 
I found one of these oscilloscopes on e-bay for less than one hundred Euro. An early 
visual inspection evidenced that the rear filter was severely warped in the middle and 
the fuse had been removed. The first action was a general clean-up, with brushes and 
lint-free cloths. Then it was necessary to find a fuse holder cap compatible with the 
missing original one and to insert a new fuse.  
 
The equipment had suffered a severe stroke in the rear cooling filter. As result, two 
out of the three fan rubber spacers were ripped off and the fan itself was hanging 
inside the cabinet from the third spacer. It was necessary to remove the entire fan 
cage, unscrew the rubber mounts, glue them with flexible cyanoacrylate and then 
reassemble the fan. Rotor bushings were cleaned from dried grease and lubricated. 
Careful aligning of the bent propeller blades was then performed. Cleaning and 
straightening of the bent air filter completed the job in this section. 
 


 
Left, a broken rubber spacer and a good one. Right, the fan just serviced. 


 
After the usual reforming procedure of the selenium rectifiers and of filter capacitors 
at half primary voltage, sparks occurred inside the 6AQ5 EHT oscillator at power-on. 
The 6AQ5 was replaced with a new 6005 and the problem disappeared. Anyway no 
trace appeared and therefore further investigations were necessary.  
 
Caution! The operations described below involve measurements on very 
harmful high voltage circuits! Useful recommendations are: 
 







- Always use suitable instruments. Modern multimeters and oscilloscope 
probes do not withstand high voltages found in these vacuum tube 
instruments. I used an AVOmeter 8 Mk IV, ranging up to 2500V, and a 
homebrew 10:1 voltage divider as probe for evaluating ripple in the power 
supply circuits with an oscilloscope. 


- Connect the cables or the probe to the measuring points only when the power 
cord is unplugged. Do not attempt to touch them when power is applied to 
the oscilloscope.  


- After power-off wait enough time to have capacitors discharged, before 
touching cables and hot components inside. This is especially true when 
power has been turned on for very few seconds, not allowing the electron 
emission build-up inside the vacuum tubes. 


- Always use a silver loaded soldering alloy when replacing components from 
the typical ceramic strips. 


 
 
In the 515A all the voltages, -150, 100, 300 and even the 400 unregulated volts, were 
found low. Since all the regulated voltages are referred to the –150 volts, the power 
supply service started from this section. The reading was about –145 volts on the 
filter capacitor, before the series regulator. A huge ripple was observed connecting an 
oscilloscope through a 10:1 voltage divider. The AC secondary voltage was correct, 
about 175 rms volts. The electrolytic capacitor C601, 125 µF at 450 VDC, was found 
almost entirely dried, reading about 1 microfarad. In addition, all the three selenium 
rectifiers evidenced poor reverse resistance values. Almost certainly this damage, 
since involved all the selenium stacks, had been caused by improper power-on 
attempts by the dealer. In the feedback networks paper capacitors C613 and C666, 
both 10 nanofarads, were leaky and the leakage resistance, in the order of very few 
megahoms, could have impaired the precision of the associated voltage dividers. 
 
Fixing of the supply section problems required the following actions: 
 
1) The three selenium bridge rectifiers were removed and modified, replacing one 
metal washer per section with fiber ones, in order to open all the selenium diodes. 
Silicon diodes were then added in parallel to the old stacks. A finishing coating with 
a red nail lacquer completed the job. 
 







 
Starting from left: A) Original selenium rectifier. B) 1/2 “  fiber washers for flexible water hoses are 
approximately the same size of the metal washers used between the plates in the stacks. C) Once 
mounted the insulating fiber washers into the selenium stacks, silicon diodes were soldered to the 
terminal lugs. D) After a lacquer coating, selenium rectifiers are back again, with their original look. 


 
2) The electrolytic capacitor C601 was replaced with a good one, which had 
previously been preformed for about one hour, with 220 DC final voltage and the 
leakage current, monitored across a 100 kohms limiting resistor, stabilized to very 
few microamps.  
 
3) C621, 10 nF, on the –150 V section and C666, same value, on the +300 volts 
section were replaced with new plastic film capacitors. 
 
4) Calibration of the –150 volts output and check of the other voltages was then 
performed. 
 
Once fixed the power supply, a small dot appeared on the screen, but time base 
controls were inoperative. For this section the schematic diagram found on the Web 
was quite different from the actual circuit. Anyway, after several measurements along 
the chain and after a careful visual inspection with a magnifying glass, a cut wire was 
found between the Schmitt multivibrator of the trigger section and the time-base 
Miller integrator. I would like to know the guy who did this job! 
 


 
 
The circle indicates the wire jumper that had been cut, insulating the time-base integrator from the 
trigger circuitry. 


 
 
 







Once replaced the jumper, the oscilloscope returned to life with a sharp trace. 
 


 
 
 
The electrical service was completed by a quick performance check of the internal 
calibrator, of the vertical amplifier gain, of the trigger sensitivity and of the time-base 
precision. 
 
As in many Tek scopes, the carrying handle was frayed. I spent a lot of time to find 
suitable materials, black leatherette and waxed white sewing cord, and more time to 
build a new handle around the old steel core. The result was quite poor, since the cord 
tension was not uniform. 
 


 
 
 
Today this little brother of the huge mainframes lives again, showing very stable 
operation within its original specs. 
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		Servicing the 515A








Tektronix - 519 
 


 
This huge oscilloscope was introduced in the early sixties, with very unique features. 
Vertical bandwidth from DC to 1000 MHz minimum at 3 dB and risetime less than 
0.35 ns were claimed, thanks to its distributed deflection type CRT.  
 
The T519 tube had 27 vertical deflection plate pairs driven through 27 taps from a 
125 ohms transmission line. The signal propagated through the vertical deflection 
system, toward the screen, at the same velocity of the electron beam, so that electrons 
were successively more and more deflected before striking the screen. The deflection 
impressed by each plate was additive. The P11 high speed phosphor and the 24 KV 
accelerating voltage made possible the photographic recording of single-shot events 
even at the fastest sweep rate, 2 nanoseconds per centimeter. Each tube was 
individually calibrated and the actual risetime was engraved on the front bezel.  
 
The trigger takeoff was an appreciable example of ingenuity. The outer conductor of 
the 125 ohms coaxial cable was cut and removed for a short length. Two copper discs 
were soldered to the two sections of the shield braid. 8 jumpers, each crossing a small 







ferrite core, connected the two discs, as in a squirrel cage. The trigger output 
conductor was wired across the eight cores, to form eight 1:1 transformers. Primary 
windings were parallel connected and secondaries were in series. The result was a 
trigger signal large enough to trigger a tunnel diode oscillator, with less than 1.3% 
attenuation of the input signal. 
 
The 45 ns low-loss vertical delay line, a 1” aluminum tube, occupied most of the right 
side of the cabinet. Gen-Rad coaxial connectors were used in the vertical section. 
 
CRT: 5-inch round, flat-faced, 24 kV accelerating potential, max x-ray radiation 0.7 
millirems per hour, P11 phosphor. 2 x 6 cm display area. Max input signal was ±15V 
DC or 15 V RMS or ±100 V pulse. 
 
47 tubes, 17 transistors, 51 diodes and 7 neon bulbs. T5191-11 CRT, 6688, 6DJ8, 
12HG7, 6AU6, 6CW5/EL86, 12AL5, 4CX250F, 6AF3, 12AU6, 12BY7, 6080, 7734, 
6AU5, 1X2B, 5642, 6AQ5. Some tubes might differ with the serial number or the 
revision level.  
 
Power supply: 110 or 220 VAC, 50 or 60 Hz, 650 W typical 
 
Weight 44 kg. 
 
The collection includes two samples of this model and the instruction manual. One 
oscilloscope is fully working, the second one is still unchecked. 








Tektronix 535 - Wide-Band Oscilloscope 
 
 


 
 
 
5-inch oscilloscope mainframe. Dual time-base with sweep delay. Similar to 545, 
with depopulated vertical amplifier and DC to 15 MHz passband. 6 x 10 cm display 
area. 10 kV accelerating potential 
 
Vertical specs: DC to 15 MHz, 23 ns risetime, 50 mV/cm deflection factor with type 
K plug-in preamplifier. Delay line to observe the leading edges of the sweep 
triggering signals. Compatible with letter series plug-in preamplifiers. 
 
Horizontal specs: Dual time-base generators. 
   TB A - 100 ns/cm to 5 s/cm in 24 calibrated steps. 5-x magnifier. 
   TB B - 2 µs/cm to 1 s/cm in 18 steps. Also operates as delay generator. 
 
Sweep delay triggered or conventional. 1 µs to 10 s delay range in 18 steps, divisible 
into 1000 parts by 10-turn control. 
 
In the last photo below the small reservoir of silver loaded solder alloy, supplied to 
service components mounted on the notched ceramic strips. 







 
 


 
 


 





		Tektronix 535 - Wide-Band Oscilloscope






Tektronix 536 - X-Y Oscilloscope 
 
 


 
 
 
5-inch X-Y oscilloscope mainframe. Introduced in 1957. Accepts two letter series 
plug-ins, one for each axis. Using the special T (time base) plug-in as horizontal 
amplifier, it operates as a standard oscilloscope. 
 
DC to 15 MHz bandwidth with less than 1 degree phase shift between the two 
channels. 
 
32 vacuum tubes, including the T5360 CRT, usually with P31 screen.  
 
 


 
 
 





		Tektronix 536 - X-Y Oscilloscope






Tektronix 585 - High-Performance Oscilloscope 
 
 


 
 
 
Fast risetime oscilloscope mainframe, introduced in 1959.  
 
This oscilloscope was specified for a risetime of 3.5 ns. The mainframe was capable 
of operating with the type 80 single channel plug-in from DC up to 100 MHz and a 
risetime better than 3.5 ns. Sweep rate as fast as 10 ns/cm was possible with 5x 
magnifier. Two balanced distributed amplifiers were used in the vertical amplifying 
chain. The first one, using seven 6DJ8/ECC88, before the delay line and the second 
one, with five more 6DJ8/ECC88, between the line and the deflection plates driver. 
The CRT itself, type T581, used a vertical distributed deflection, with six deflection 
plate pairs driven by self-contained transmission lines, the signal propagating toward 
the front of the tube at the same velocity of the electron beam. Special plug-in units 
were required, capable of driving and terminating vertical amplifier of the mainframe. 
The very early plug-in preamplifier was the single channel type 80, followed by the 
dual-channel type 82. Also the type 81 adapter was available, to accept other standard 
letter series plug-ins, of course with reduced bandwidth. 
 
Trigger used a tunnel diode regenerator to operate with input signals as low as 2 mm 
of vertical deflection. Two time-base generators, the main one ranging from 50 ns/cm 
to 5 s/cm. A 5-x magnifier increased calibrated range to 10 ns/cm. The time-base B 
also functioned as delay generator. 
 







The maiframe used some 73 vacuum tubes, 3 transistors, 1 tunnel diode and several 
silicon rectifiers and neon bulbs. 
 
In the picture below the CRT and details of its distributed deflection vertical plates. 
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Tektronix 585A - High-Performance Oscilloscope 
 
 


 
 
Fast risetime oscilloscope mainframe, introduced in 1964 to replace the 585.  
 
This oscilloscope was an improved 585. The mainframe accepted 80 series plug-ins 
and the tunnel diode trigger circuit was capable of triggering to beyond 150 MHz and 
to synchronize up to 250 MHz. Sweep rate as fast as 10 ns/cm was possible with 5x 
magnifier. Two balanced distributed amplifiers were used in the vertical amplifying 
chain. The first one, using seven 6DJ8/ECC88, before the delay line and the second 
one, with five more 6DJ8/ECC88, between the line and the deflection plates driver. 
The CRT itself, type T5810-31, used a vertical distributed deflection, with six 
deflection plate pairs driven by self-contained transmission lines, the signal 
propagating toward the front of the tube at the same velocity of the electron beam. 
Special plug-in units were required, capable of driving and terminating vertical 
amplifier of the mainframe. The very early plug-in preamplifier was the single 
channel type 80, followed by the dual-channel type 82. Also the type 81 adapter was 
available, to accept other standard letter-series plug-ins with reduced bandwidth. 
 
Trigger used a tunnel diode regenerator to operate with input signals as low as 2 mm 
of vertical deflection. Two time-base generators, the main one ranging from 50 ns/cm 
to 5 s/cm. A 5-x magnifier increased calibrated range to 10 ns/cm. The time-base B 
also functioned as delay generator. 
 
The maiframe used some 73 vacuum tubes, 3 transistors, 1 tunnel diode and several 
silicon rectifiers and neon bulbs. 
 
In the picture above the 585A is shown with the type 82 vertical plug-in. 
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