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“Laboratory Work in Physics B4” -- Handout No.5b
Your name ( ) Nov 4th, 2016 (Mon.)

1. Principle of resistivity measurement

@® Four-probe method

With the ordinary method ( ) used for a multimeter, one cannot measure resistance

accurately because the wire resistance and the are not negligible compared with

the sample resistance (which reaches zero). To be specific, it is impossible to measure accurately

resistance below a few Ohm. To avoid this, we measure resistance with the configuration below. R;

contains the resistance and the wire resistance
I S |
] ) ) 0] ‘ [
Lov. v o R % I I % R,
RS
""""""""""""""""""""""""" Sample
= W—e— P
V. — "4
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@ Sample ! !“l R, R,
! — 0
In particular the contact resistance is large at \\_}/
the interface between the silver paste and
the sample
\
Measured voltage V (from Kirchhoff's law for voltage):
Relations among currents
A Voltometer contains a large internal resistor (Rin ~ 10 MQ - 1 GQ). Thus, / is only of Is.
Thus, if R3 or R4 is of the order of 10-100 Q, /s is nearly equal to and the terms not related to

Rs in the above equation is negligibly small. This is valid for the case Rs — 0 (superconductivity)
because I, — and thus V — 0. (Try to discuss this more accurately using equation). Thus,

the measured V is almost precisely

This method is called the “four-probe method” J




2 The point is that "no current flows across resistances in the loop of the voltage measurement.” This
on the other hand suggest that it is not god if current starts to flow in a resistances in the loop.

— What is the typical “bad” configuration?

@ Resistance and resistivity
The sample resistance Rs is obtained by dividing V with the current /.
Theresistanceis __ ifthesamplelength/islongand __ ifthe sample cross section Sis large.
To correct such geometry effects to obtain the material-specific parameter, we evaluate the resistivity p,

which is related to Rs by the relation

For the four-terminal method, the distance between should be used as /. Furthermore,

the terminals have finite widths, which should be recorded.

@ Thermoelectric voltages

When performing measurements, there’s across the measurement circuit.

!

It often happens that thermoelectric voltage is added to the measurement voltage.

!

To cancel the thermoelectric voltage, we make use of the fact that the thermoelectric voltage does not

depend on




2. Principle of the AC susceptibility measurement
Consider a set of coils shown below. On the pick-up coil (Total turns: N, turns per a unit length: ny), the

excitation coil (Total turns: Ne, turns per a unit length: ne) is wound.
I(t) = I sin(wt) Excitation Coil
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Pick-up Coil
@ Apply the AC current /(f)=/a sin(wf) to the excitation coil.

— The current produces an nearly-uniform magnetic field in the excitation coil

@ According to the Lentz’s law, this flux produces voltage V(t) across the pick-up coil:

Vit) =

@ In a material with the magnetization M, the flux density B changes from uoH to

@ First, consider the case where M is proportional to H (i.e. M = xH). This case, the coefficient x is called

susceptibility. For example, a superconductor under the full Meissner state have x =



@ Now let's put a sample inside the pick-up coil. How does the generated voltage V(t) change? Here, we
assume that the sample fills completely the pick-up coil. (You should consider more realistic situation

when evaluating the susceptibility of your sample.)

@ Next, we connect another counter-wound pick-up coil in series. The excitation coil is wound the outside

of the two coils. The sample is putin one of the pick-up coils. In this case, how is the voltage is expressed?

I(t) = I_sin(wt) Excitation Coil
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This method 1o measure the susceptibility (or to be precise,
voltage proportional to the susceptibility) is called

the method.
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@ More generally, if the magnetization M has non-linear dependence on H (i.e. M = M(H)), how the voltage

is expressed?
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@® How does the expression change if the DC external magnetic field Hex: exist?
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@ More generalization: Assume that a physical quantity A depends on external parameter X. You can
measure A (or more realistically a voltage V4 proportional to A). Under this condition, you apply X(t) = Xoc
+ Xac sin(wf) (Xac is small enough), containing both DC and AC components; and then measure A(f). Then,
to what physical quantity is the component of A(f) changing as sin(wt) propotional? How about the

components changing as sin(nwt) (n = 2,3,...)?

A .
x X, sin(wi)

e

X ~ X

DC

Y Such an AC method can be used to investigate properties of non-linear electric devices.



