
Thank you for purchasing the ion chamber PCB from the Mad Scientist Hut. Please review all 

instructions before attempting assembly of this kit. 

The kit builder will need to supply a cookie tin or tea tin, solder, aluminum foil ( the cheapest, thinnest 

foil works the best ), a rubber band, a soldering iron, hand tools such as screw drivers, needle nose 

pliers, diagonal cutters, metal file, a 9V battery and a digital multimeter (included with premium kit) 

with a low voltage range of 200-500mV is preferred. 

The kit  has the following parts:

3 ea. 10K resistors 1% 

2 ea. 2.2K resistors 2% 

1 ea. 1M resistor

1 ea. 100K trimmer potentiometer  (marked 104)

1 ea. 10K trimmer potentiometer (marked 103)

1 ea. Power switch

hookup wire

1 ea. 9V battery snap

2 ea. MPSW45A NPN darlington transistors

2 ea. MPS54 PNP darlington transistors 

1 ion chamber printed circuit board.

6/32 screws nuts and lock washers required for attaching the PCB to the tin.

Here is the schematic of the PCB version of the ion chamber:



Are you asking yourself how an ion chamber detects radiation?

Here is a simple description of how this ion chamber works. The ion chamber indirectly detects 

ionizing radiation by measuring ion pairs created when the radiation passes through the chamber. 

Radiations such as alpha, beta, gamma, and x-ray are energetic enough to dislodge electrons from 

atoms and molecules creating ion pairs. One side of each ion pair is positively charged and the other 

side is negatively charged. In order to detect the ion pairs inside of the can we need a way to collect 

them. The can body is positively charged to about 9V and forms the anode of the circuit that attracts the 

negatively charged side of the pair. The probe in the can is attached to the base of a darlington pair 

transistor and it forms the cathode of the circuit that attracts the positive charged side of the ion pair. As 

the radiation passes through the chamber, air in the chamber becomes ionized, the more radiation that 

passes through the chamber results in higher ionization levels. As ions pairs get collected at the anode 

and cathode it causes current flow in the circuit that is amplified and measured by the meter. 

Step 1) Parts in the kit:

(components from different manufactures some parts will not match the pictures)

Step 2) Take your tin lid and copy it to a piece of paper. Then cut out the paper so it fits inside of the 

lid. Cut out one of the drill templates and tape it down.



Step 3) Carefully punch holes in the template, at the three corner holes, the two potentiometer holes, 

the switch, and the transistor hole. Then place the template face up on the bottom of the tin and mark 

the three corner holes and transistor hole, do not mark the switch or potentiometer holes on the can 

bottom.

Step 4) Flip the drill template over and place it inside of the lid. Mark the two trimmer potentiometer 

holes and the switch hole. (This is how the lid holes get aligned to the PCB)

Step 5) Carefully punch small holes into the tin can, where it was marked. Carefully round the holes 

with needle nose pliers (insert pliers into hole and twist gently.) Do the same to the three marks in the 

lid.



Step 6) File the top of the lid to remove sharp burs.

Step 7) Start with the 10K resistors, if you are unsure which ones they are measure them with the 

meter.  Place into the PCB as shown:



Step 8) Solder the leads then clip as shown:

Step 9) Solder the 2.2K resistors just like shown and clip the leads. Then solder the two pots. The 10K 

is marked 103, and the 100K is marked 104

Step 10) Solder the switch, 1 Meg resistor, and transistors, do not cut the middle lead of the MPSW45A 

that has the hole under it



Step 11) Strip two pieces of hook up wire, then solder them into the PCB along with the battery snap as 

shown:

Step 12) Put screws into the holes on the can and put nuts with lock washers on and tighten. Be very 

careful the tin edges on the holes are razor sharp!



Step 13) Solder a piece of solid 22 gauge wire to the transistor lead that is sticking out from the bottom 

of the PCB then put the PCB on the screws. Put nuts with lock washers on top side of the PCB and 

tighten, check for connection to +can test point and the actual can by scraping the can and measuring 

here: (if you do not get a good connection you can solder a wire from the test point to the can. )

Step 14) Make sure the probe is not touch the wall of the can or the sides of the hole that it is 

protruding through:



Step 15) Scrape the bottom edge of the tin can, the lid will be tack soldered to the bottom as a shield for 

the circuit. Line up the 100K zero pot  10K pot and switch with the holes in the lid and then solder the 

lid of the can to the bottom of the tin can ( only three or four places need a little solder to hold the lid 

on ), leaving enough room for the meter and battery leads to come through. Note which wire goes to 

Meter A and Meter B on the PCB for later. 

Step 16)  Connect the DMM to the wires  ( the wire that was connected to meter B on the PCB should 

go to the red lead on the meter ) and perform the initial zero. 

Set your meter so that it can measure at least 9 volts.

Connect a battery to the ion chamber wait about a minute.

Note: The trimmer pots only need a gentle twist, if you encounter resistance stop and try the 

other direction.

The meter could be reading between +/-8V now and not settling. Slowly adjust the 100K pot, being 

careful not to touch the leads and hold the pot only from the sides away from the leads.

At some point the reading on the meter will start to head towards zero, keep adjusting the pot so that 

you get closer to zero. Change the range on your meter lower as you get closer to zero. Do not get upset 

if you cannot reach zero volts, it is OK to be +/-20mV from zero. Let the unit settle for a minute, make 

sure you are not touching it anywhere as your body can inject current into the can.

If you watch the meter you will see it bounce around as background radiation is passing through the 

chamber.  

If you have access to the internet you visit youtube and see how to perform the initial zero of the unit.

http://www.youtube.com/madscientisthut

http://www.youtube.com/watch?v=MKBq_ZqyP7Q



Step 17) Check the probe to make sure it is not touching again, then put aluminum foil over the open 

end of the can, and attach with a rubber band:

Step 18) Final zero the unit. Using the zero method from step 16, or if you have access to the internet 

you can visit youtube and see how to perform the final zero of the unit. 

http://www.youtube.com/watch?v=DyUlk5SNlO0

Step 19) Use a check source to verify the chamber operation. 

Another step for youtube. http://www.youtube.com/watch?v=-6cqrrP9GaA

If you have a radioactive source ( I used a radioactive lantern mantle) place it in front of the aluminum 

foil, place it so that it is not touching the foil and watch the meter, the reading should climb as the ions 

build in the chamber this can take tens of seconds for the ions to build, after you take the source away it 

will also take tens of seconds for the meter to settle back to background levels again as all of the ion 

pairs are collected. All you are looking for is the change (delta) in the reading from background with 

the unit sitting for say a minute with nothing near the chamber to the maximum amount it read with a 

source near the chamber.  Congrats you have a functioning ion chamber!

I also used a 2% thoriated TIG welding rod, but with this you need to place the rod inside of the 

chamber ( you can poke a small hole in the foil to insert the TIG rod ), since the primary emission is 

alpha particles and these will not penetrate the aluminum foil.

Be sure to visit the teclib site  

(http://www.techlib.com/science/ion.html#Experimenters%20Chamber)

for some real cool experiments, including detecting radon.



Debug:

If the circuit it not functioning first check the battery voltage, it should read above 8.5V if not then 

replace it and see if the chamber functions as normal. I have done a basic calculation that the chamber 

should run at least one month on a single alkaline battery.

If the circuit is not working on the initial zero, check to make sure all components are in the correct 

location, also check to make sure the transistors are in the correct locations and that they are also facing 

as shown on the silk screen. Double check to make sure the probe is not hitting any portion of the can.  

Make sure that no part of the circuit is touching the can ( check to see that component leads were cut 

short enough)

One more issue I have seen is that the meter seems to jump around a lot as you move around when you 

are close to the unit, I have seen this happen on very dry days ( humidity levels below 20% ) when I am 

wearing clothes that seem to cause static like a polyester blend shirt. If you are seeing an issue where 

the meter seems to jump around (like 50 or more Milli-Volts) even if you are three feet away, try 

moving farther away and see if the unit settles down, if it does then static charge is probably the cause. 


