
Week 10: Introducing the 
measurement hardware, 

reviewing the Hertz calculation 
and demonstrating low 

resistance measurement
Reading: Keithley model 6221 current source manual, chapter 5 (delta 

mode operation); review the Hertz scaling notes from day 1.



The measurement: real area of contact using 
analog electronics (or sophisticated measurement 
apparatus!) Recall the theory behind the measurement: 

- The junction has a finite contact area. Based on the known bulk 
resistivity of silver, we can measure this contact area provided we 
have a sufficiently strong current and sufficiently sensitive voltmeter.

- Recall from day 1:
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, where P is the applied force;

Contact pressure, pm: 𝑝𝑚 ∝
𝑃

𝜋𝑎2
= 𝑃

1

𝑅
𝐼

+
1

𝑅
𝐼𝐼

1

𝐸
𝐼

+
1

𝐸
𝐼𝐼

2

3

Vertical displacement d: 𝛿 ∝ 𝑃
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Simplify these expressions for silver wires of diameter 6.35 mm.  



Silver wire has a bulk conductivity, which we will 
measure today using the nanovoltmeter and 
current source.

Using the value for silver’s bulk conductivity given in the Tabor paper, and the Hertz contact result, estimate the expected 
junction resistance at applied loads P = 10 g, 100 g and 300 g (the load cell’s capacity)

The Young’s modulus and the Poisson ratio will be key 
inputs in carrying out an accurate measurement of the 
junction resistivity / inverse conductivity. These values 
are reported on comparenature.com.



The general layout for the physical experiment, 
which you will all carry out remotely:

1. 3 kg load-cell
2. Newport Conex-CC + TRB25CC 
3. M433 stage

1. Keithley 2182A nanovoltmeter
2. Keithley 6221 DC/AC current source

Not shown: Keysight 34470A 
7.5 digit multimeter (to 
monitor load cell signal)



Next week, you’ll begin to make measurements –
connecting to the remote PC via Nomachine. 

Install Nomachine on your computer, and message with on Piazza to do a trial connection once installed. 
Everyone needs to individually connect – each student will carry out a remote measurement.

Keithley control software: CONEX-CC GUI: Keysight BenchVue:



To prepare for the measurement, write an 
experimental protocol of how you will carry out 
the measurement. No detail is too small to include 
here!

This should be a written document, and one version should be prepared for each student.

These should be included as supplementary documents for the final report. 

Submit an experimental protocol to me via email. This must be prepared before you can carry out the measurements next 
week. Please ask any questions for clarity via Piazza.



Now a recording of some low-R measurements 
using the nanovoltmeter, the current source and 
the standard multimeter (why we need the 
specialty equipment will be clear)


