
Physik-Praktikum: BRÜ

Introduction

The resistancedefinesthe relationshipbetweencurrentandvoltage: U � R � I . So, to determinethe
resistance,only the voltageand the currenthaveto be measured.However,becauseauf the internal
resistancesof the ampsmeter(that is connectedin series,so the resistancesadd) and the voltmeter
(that is connected in parallel to the resistor, so the currents add), exact measurements are impossible.
Bridge circuits are an alternativesolution: if the bridge is adjusted,one resistancecan be computed
with theratio of thetwo resistancesconnectedin parallelandwith theresistancein series;thereis only
anampmeternecessaryto adjustthecircuit, whoseinternalresistancedoesnot matterbecausethereis
no current flow through when the bridge is adjusted.

With alternatingcurrent,complex numbersare usedto describenon-ohmicresistors(like coils or
capacitors) because there is a phase shift between current and voltage.

Experimental Set-up

In the first four experiments direct current is used with a bridge circuit:

(taken from the instructions)

The resistorsR3 andR4 arereplacedby a potentiometerwith known total resistanceandlinear scale.
The bridge is adjusted if there is no current through the amps meter.

For the measurementswith alternatingcurrent(question6) a different set-upwas used:a waveform
generatorgeneratesa sinewaveformwhich is alsoput on the x-axis of an oscilloscope,andthe amps
meteris replacedby anoscilloscope(thesignalis put on they-axisof the oscilloscope).Thebridgeis
adjusted if the figure on the screen is a horizontal line.

Results

1. Specify for the circuits shown in figure 6a and 6b the conditions for adjustment for
the real and the imaginary part.

The bridge is adjusted if

Z1 Z4
� Z2 Z3 ;�

Re Z1 � j Im Z1 � � Re Z4 � j Im Z4 � � � Re Z2 � j Im Z2 � � Re Z3 � j Im Z3 � ;�
Re Z1 Re Z4 � Im Z1 Im Z4 ��� j

�
Im Z1 Re Z4 � Im Z4 Re Z1 � �� � Re Z2 Re Z3 � Im Z2 Im Z3 ��� j
�
Im Z2 Re Z3 � Im Z3 Re Z2 � ;

Real part: Re Z1 Re Z4 � Im Z1 Im Z4
� Re Z2 Re Z3 � Im Z2 Im Z3 ;

Imaginary part: Im Z1 Re Z4 � Im Z4 Re Z1
� Im Z2 Re Z3 � Im Z3 Re Z2 ;



Circuit with capacitors

1
Z1

� 1
R1
� j � C 1

� 1 � R1 j � C 1

R1

;  Z1
� R1

1 � j R1 � C 1

� R1

�
1 � j � C 1 �

1 � R1
2 � 2 C 1

2 ;

Re Z1
� R1

1 � R1
2 � 2 C 1

2 ; Im Z1
� � � C 1

1 � R1
2 � 2 C 1

2 ;

Z2
� R2 � j

� C 2
; Re Z2

� R2 ; Im Z2
� � 1
� C 2

;

Z3
� R3 ; Re Z3

� R3 ; Im Z3
� 0 ;

Z4
� R4 ; Re Z4

� R4 ; Im Z4
� 0 ;

So the condition for adjustment for...

	 the real part is: 
R1 R4

1 � R1
2 � 2 C 1

2
� R2 R3 ;

	 the imaginary part is: � � C 1 R4

1 � R1
2 � 2 C 1

2
� � R3� C 2

;

Circuit with coils

1
Z1

� 1
R1
� j
� L1

� � L1 � j R1

R1 � L1

; Z1
� R1 � L1� L1 � j R1

� R1 � L1

� � L1 � j R1 �
� 2 L1

2 � R1
2 ;

Re Z1
� R1 � 2 L1

2

� 2 L1
2 � R1

2 ; Im Z1
� R1

2 � L1

� 2 L1
2 � R1

2 ;

Z2
� R2 � j � L2 ; Re Z2

� R2 ; Im Z2
� � L2 ;

Z3
� R3 ; Re Z3

� R3 ; Im Z3
� 0 ;

Z4
� R4 ; Re Z4

� R4 ; Im Z4
� 0 ;

So the condition for adjustment for...

	 the real part is: 
R1 R4 � 2 L1

2

� 2 L1
2 � R1

2
� R2 R3 ;

	 the imaginary part is: 
R1

2 R4 � L1

� 2 L1
2 � R1

2
� � L2 R3 ;

2. Calculate the ohmic resistance of the potentiometer out of the three performed
measurements. Are the values within the measunring inaccuracy?

Voltage: (0.5 
 0.1) V

R1

R2

� A
1000 � A

; R1
� A � R2

1000 � A
;

comparator resistor R2 [ � ] A ohmic resistor R1 [ � ]

10 910 101

30 771 101

100 503 101



arithmetic mean value: R1
� 101.11 �

mean square deviation: ��� 0.101 �
measuring inaccuracy: u ����� 0.76 � 0.0771 �
Thespecifiedinaccuracyof theHelipot is 1% (this means10 divisionson thescale),sotheinaccuracy
of the measurementis 5.9 � . This is much less accuratethan the measuringinaccuracyof our
measurements.

Result: R1
� � 101 
 5.9 � V .

3. Calculate the resistance of the light bulb from the measurements with three
comparator resistors. Are these values within the measuring inaccuracy?

Voltage: (3.0
 0.1) V

comparator resistor R2 [ � ] A R1 (light bulb) [ � ]

10 373 5.95

20 166 3.98

100 807 418

200 897 1742

measuring inaccuracy: 

�
A � 10 � � R2

1000 � � A � 10 � �
A � R2

1000 � A
� 907 � 10

93 � 897 � 10
103

� 10.4 � ;

Obviously these values are not within the measuring inaccuracy. An explanation is given in the answer
to the next question.

4. Calculate the ohmic resistance of the light bulb from the series of measurements 2c.
Calculate the currents through the light bulb and plot R over I. Discuss the determined
characteristic line.

I � U
R1 � R2

;

Voltage U
[V]

comparator resistor R2 = 10 � comparator resistor R2 = 200 �
A R1 [ � ] I [mA] A R1 [ � ] I [mA]

0.5 792 38.1 10.4 82 17.9 2.30

1 838 51.7 16.2 86 18.8 4.57

2 878 72.0 24.4 111 25.0 8.89

3 896 86.2 31.2 161 38.4 12.6

4 908 98.7 36.8 203 50.9 15.9

5 916 109 42.0 234 61.1 19.2

Themeasuredresistancesdiffer verymuch.Thediagramshowsfor biggercurrents(morethan10 mA)
a line where the resistance is proportional to the current.

Thereasonfor this is thedifferenttemperatureof theglow wire; theresistanceof metalis proportional
to its temperature:



R
�
T � � R0 � � R0 � � � T .

From the diagram can be seen:

R0
� 15,4 � , R0 � � 2.25 � � � 0.146

�
K

.

The wire is heatedby the currentthroughit, this risesits resistance,andlesscurrentcanflow – until
the temperatureandthe resistancearebalancedout. Thecurrentis determinedby the resistanceof the
wire and the voltage.

We canonly guesswhy this doesnot seemto applyfor currentslessthan10 mA (therethegraphis not
linear,andfor verysmallcurrentsalmosthorizontal).Maybethetemperatureof thewire is solow that
convection inside the light bulb is sufficient to cool it down.

5. How big is the ohmic resistance of the two coils?

Comparator resistor: R2 = 100 �
Voltage: 0.5 V

R1
� A � R2

1000 � A
;

A R1 [ � ]

Small coil 783 345

Big coil 53 5.60

6. Determine the inductivities of the coils and the capacities of the capacitors. Which
value do you expect theoretically for the inductivity of the half coil?

R1 � j � L1

R2 � j � L2

� A
1000 � A

;

Small coil

A � 660; RV � 90 � ; Rbig � 5.60 � (see previous measurement); R2
� Rbig � RV ;

R1 � R small � 345 � ; L2
� Lbig

� � 0.0023 
 0.0001� H ; 

R1 � j � L1
� A � � Rbig � RV ��� j � L2 �

1000 � A
� 186 � � j ��� 0.0045H ;

The inductivity of the small coil is 
�
0.0045 
 0.0002� H .
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Big coil (half coil)

A � 112; RV
� 7.90 � ; R small � 345 � ; R2 � R small � RV ; R1 � Rbig � 5.60 � ; L2

� 0.0045H
(see previous measurement); 

R1 � j � L1
� A � � Rsmall � RV ��� j � L2 �

1000 � A
� 44.5 � � j ��� 0.00057H ;

The inductivity of half of the big coil is 
�
0.00057
 0.00003� H .

For long coils (where the length is much bigger than the diameter) one can assume:

L � � A
N 2

l
(A is the cross sectional area, l the length of the coil, and N the number of turns).
Sofor thecoil with thehalf numberof turnswe would expectapproximately1 ! 4 of theinductivity of
thewholecoil (if it hasthesamelength;that is possibleif thecoil is madeof severallayersof wire, so
using the connectionin the middle half of the turns are usedon the full length of the coil), that is
0.001125 H, if it was a long coil. But the length is about as small as the diameter,so it is not
astonishing that the measured inductivitiy is only about half this value.

Capacitor

Z1

Z2

� �
j

� C 1

� j
� C 2

� C 2

C 1

� A
1000 � A

; A � 303; C 2
� 1 � F ;

� C 1
� � 1000 � A � C 2

A
� 2.3 � F .


