
AƩenuators 
In the Electronics Track in Ph77, we oŌen use aƩenuators to produce weak signals of known amplitude, 
as these are useful for examining and characterizing amplifier noise. A typical BNC aƩenuator has an 
input port, an output port and a dB aƩenuaƟon value. And most have input and output impedances of 
50 Ohms: 

 
These devices are passive resistor networks, and the two most popular configuraƟons are “T” and “Pi” 
circuits: 

 
 
Here are typical resistor values used to obtain 50Ω input and output impedances (from 
hƩps://www.allaboutcircuits.com/textbook/semiconductors/chpt-1/aƩenuators/): 

 



 
 

A Laboratory Example 
To see how an aƩenuator works in pracƟce, consider the following circuit: 
 

 
 
Here we use a signal generator to produce a signal, which is sent to both Ch1 on the (high-Z) oscilloscope 
and also thru a 20dB (10x) aƩenuator to Ch2 on the oscilloscope. Note that: 
1) The internal signal-generator box behaves ideally, as if it had zero output impedance. 
2) The internal 5x aƩenuator box also behaves ideally, as if it had infinite input impedance and zero 
output impedance.  
3) The oscilloscope box has an effecƟvely infinite (1MΩ) input impedance. 
 
If we want to use this aƩenuator at it was intended, then we would set the signal generator to a 50Ω 
output impedance (internally using the UƟlity/Ch1/50Ω seƫng), and we would similarly add a 50Ω 
resistor to the oscilloscope’s Ch2 input (light blue above) so this channel has a 50Ω input impedance. 
With these seƫngs, all the instruments have 50Ω input and output impedances. 
 
In this case, Vinternal is actually double the set voltage (call it Vset, equal to whatever voltage you set 
the signal voltage to). Nothing else changes inside the signal generator, as the 50Ω output impedance is 
hardwired in. It just sets Vinternal to double whatever you decide for Vset. We then have: 

Vinternal = 2*Vset 
Ch1 = Vset 
V0 = Ch1/5 = Vset/5 
Ch2 = V0/2 = Vset/10 



Note that both Ch1 and Ch2 have the expected voltages. 
 
Say that again: if you set the signal generator to highZ output impedance, then Vinternal = Vset. But if 
you set the signal generator to 50Ω output impedance (using the UƟlity/Ch1/50Ω seƫng), then Vinternal 
= 2*Vset. This is all the UƟlity seƫng does – it makes a soŌware change. The actual output impedance of 
the signal generator is always 50Ω. (Yes, it’s confusing; you get used to it.) 
 
If we set the signal generator to a high-Z output impedance (this is its default), and we leave off the 50Ω 
terminaƟon resistor at Ch2 on the oscilloscope. Then we have: 

Vinternal = Vset 
Ch1 = Vset/2 
V0 = Ch1/5 = Vset/10 
Ch2 = V0 = Vset/10 

Note that Ch2 sƟll gives Vset/10 in this case, as we would naively expect for a 10x aƩenuator. This only 
works, however, because two 2x errors cancel with these seƫngs. 
 
If you are thinking that all this is too complicated, well, the complicaƟons are all inevitable. The signal 
generator must have some output impedance because it cannot source infinite current. Likewise, the 
aƩenuator inevitably has some input and output impedances, because it uses a passive resistor network. 
Seƫng all these impedances to a single value – 50Ω – actually keeps the complicaƟons to a minimum. 
 
 


