
TEACHSPIN’S NOISE FUNDAMENTALS   
 

 
 
Photograph of Noise Fundamentals as presented at the March APS meeting in Portland.  (Oscilloscope and 
voltmeter are user supplied.  Certain experiments will also require a signal generator.) 
 
TeachSpin’s Noise Fundamentals offers an opportunity to explore the phenomenon of noise 
and use it to measure two fundamental constants, the charge of the electron and 
Boltzmann’s constant.  Johnson noise from resistors can be measured in the range from 10 
�  to 10 M�  over a calibrated frequency range of 3 Hz to 100 kHz and temperatures from 
77 to 373 K.  Shot noise can be measured in currents ranging from 10 nA to 1 mA. 
 

The apparatus consists of three main components; two controllers, one for low-level and 
the other for high-level electronics, and a temperature module consisting of a probe with 
an accompanying break out box, and a clear Dewar mounted in an adjustable height 
support.  The temperature probe contains a pn diode thermometer, a 50 ohm heater, and 
connections for three different samples.   
 
 



 

 
 

Control Panel for Module Which Students Will Reconfigure 
 
Noise signals will start either within the temperature probe or within the low level electronics 
system. Three controls are located on the bottom panel.  The Signal Attenuator is used, in 
conjunction with a user supplied function generator, to calibrate the gain and bandwidth of 
various stages.  The other two controls are for the Bipolar Voltage Supply and a switch 
selectable Series Resistance which allows the voltage source to be used as a current source.  
Students must choose the mode which allows for proper biasing of a variety of noise sources 
including light bulbs, LED’s, a photodiode, a pn diode or a Zener diode. 
 
As you can see from the exposed screw heads, the two upper panels are removable.  The panel 
on the left is the Temperature Module.  There is a manual heater control, a selectable current 
source for biasing the pn junction which serves as a temperature sensor, a connection for the 
temperature probe itself and Monitor outputs. 
 
The panel on the right is the all-important Preamplifier.    Operational Amplifiers (opamps) are 
used for all the gain stages.  The first stage of the preamp is designed to be configured by the 
student.  The feed back resistor Rf is always connected.  The printed squares on the circuit 
diagram represent internal terminal block connections that are open and may be connected by 
the students.  The first stage may be configured as a non-inverting amplifier, inverting 
amplifier, or current to voltage converter (sometimes called a transimpedance amplifier.)  
 
 



 
 

Internal Circuit Boards On Which Students Will Vary Components 
 
 
This photograph shows the back-side of the low-level electronics.  The panel has been flipped 
top-to-bottom so that the preamp is on the lower right-hand side.   
 
It is this lower right hand circuit board that the students will be able to configure using the 
many screw terminal blocks provided.  As shown, the first stage is configured as a non-
inverting amplifier, with signals being applied to the non-inverting (+) input.  If you look 
closely, you can also see the connections from the temperature module to the input ‘resistor’ 
switch Rin.    The first stage opamp is mounted in a socket located inside the triangular 
amplifier symbol printed near the center of the circuit board.   We have treated this first stage 
opamp as the fuse.  This allows students to learn from ‘mistakes’ without damaging the entire 
apparatus.  Just pop in one of the replacement opamps in your ‘kit’ and the system is back in 
action. 
 



 
 

Control Panel for High Level Electronics of Noise Fundamentals 
 
The high-level controller, shown above, consists of a series of modules.  The noise signal can 
first be passed through two Filter sections.  Each Filter module has a two-pole Butterworth 
response with High-pass, Band-pass and Low-pass outputs available.  The corner frequencies 
of the first Filter are switch selectable for 10, 30,100, 300, 1k and 3kHz.  The second Filter 
switches are 330, 1k, 3.3k, 10k, 33k and 100kHz.  The Gain module has two x10 gain stages, 
selected with toggle switches, and a fine adjustment stage with switch selectable gains of 10, 
15, 20, 30, 40, 50, 60, 80 and 100.  The next module is an analog Multiplier which will most 
often be used as a squarer.  The squared voltage is sent to a two pole low-pass filter to measure 
the mean squared voltage of the noise signal.  This signal is displayed on the analog volt meter 
and is also available as a voltage on the output BNC.   
 
A BNC output on the back panel of the box gives access to a digitally generated noise 
calibration signal.  This provides a way for students to test their understanding using a known 
high-level pseudo-noise signal. 
 
In addition to the major pieces shown, Noise Fundamentals comes with a collection of support 
materials. 

·  all the coax cables needed for making measurements and connections 

·  a 45 Watt +/-15 volt power supply 

·  a collection of extra parts including: 

�  hook up wire  

�  resistors, transistors, diodes 

�  a photodiode in holder 

�  light bulbs and LEDS 

�  spare operational amplifiers (opamps) 


