Physik-Praktikum: BRU

Introduction

The resistancealefinesthe relationshipbetweencurrentandvoltage: U = R-1. So, to determinethe
resistancepnly the voltageandthe currenthaveto be measuredHowever,becauseuf the internal
resistance®f the ampsmeter (thatis connectedn series,so the resistancesdd) 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 bridgeis adjusted,one resistancecan be computed

with theratio of thetwo resistancesonnectedn parallelandwith theresistancen seriesthereis only
anampmeternecessaryo adjustthe circuit, whoseinternalresistanceloesnot matterbecausehereis

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:

-R3 - Rl._
L e

The resistorsR; and R, arereplacedoy a potentiometemwith known total resistanceand linear scale.
The bridge is adjusted if there is no current through the amps meter.

(taken from the instructions)

For the measurementwith alternatingcurrent(question6) a different set-upwas used:a waveform
generatogenerates sinewaveformwhich is alsoput on the x-axis of an oscilloscopeandthe amps
meteris replacedoy an oscilloscopgthe signalis put on the y-axis of the oscilloscope)The bridgeis
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

2, 2,=2, 25,
(ReZ,+jlm2Zz,)(ReZ,+jimZ,)=(ReZ,+jIlmZ,)(ReZ;+ jIm Z,);
(Rez,ReZ,-Im2Z,ImZ,)+j(ImZ, ReZ,+ImZ,ReZ,)=
=(ReZ,ReZ;,—ImZ,ImZ;)+j(ImZ,ReZ,+Im Z, Re Z,);

Real part: ReZ ReZ,—-ImZ ImZ,=Re Z,Re Z,—Im Z,Im Z;;

Imaginary part: ImZ, ReZ,+iImZ,ReZ,=ImZ,ReZ,;+Im Z; Re Z,;



Circuit with capacitors

1 1 . 1+R jwC, _ R, _R1<1_jwcl)_
—=—+]U.)C1= ) Zl_ ; - 2 2.2 o
Z, R, R, 1+jRwC, 1+R w’C’
ReZ-— . imz - wC,
Y14+ R w?C? Y1+ R w?C?’
1

Z,=R,- chz- ReZ, =R, Im 2, =~
Z,=R;; ReZ;=R;; Im Z,=0;
Z,=R,; ReZ,=R,; ImZ2,=0;
So the condition for adjustment for...
R, R,
1+ R w®C2
wC, R, R,

— the imaginary part is— =— :
Jnaryp 1+Riw’°C; wC,

— thereal part is: =R, R;;

Circuit with coils

1_1 | _le_le_Z_ Riwl, Rwl(wl+jR).

Z R wl, Rowl ' ' wlL —jR w? L2+ R ’
R, w? L2 R?w L

ReZ, = 212 1z;lmzl= 212 12;
L2+ R w? L2+ R’

Z,=R,+jwl,; ReZ,=R,; ImZ,=wL,;
Z,=R;; ReZ,=R;; ImZ,=0;
Z,=R,; ReZ,=R,; ImZ,=0;

So the condition for adjustment for...

— th |p ti L4 4 2 i—R R
e real part Is. ;
zli Ri 2 '3
— the imaginar par is———=wlL,R ;
g y 2|i Ri 2 N3

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
R, A AR,

R, 1000-A' = 7T000- A

comparator resistor R[ (7] A ohmic resistor R [ (7]
10 910 101
30 771 101
100 503 101




arithmetic mean value: R, =101.11Q
mean square deviation: o =0.101Q
measuring inaccuracy: u=0-0.76=0.07710Q

The specifiedinaccuracyof the Helipotis 1% (this meanslO divisionson the scale),sotheinaccuracy
of the measurements 5.9 (2. This is much less accuratethan the measuringinaccuracyof our
measurements.

Result: R, =(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 R[ .7 A R (light bulb) [ 7]
10 373 5.95
20 166 3.98
100 807 418
200 897 1742
(A+10)-R, A-R, 90710 897-10

measuring inaccuracy; =1040Q,

1000— (A +10) 1000— A 93 103

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.

=Y .
R+R,’
Voltage U comparator resistor R= 10 2 comparator resistor R= 200 .2
V] A R[4 | [mA] A Ri [« [ [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

The measuredesistancediffer very much.The diagramshowsfor biggercurrents(morethan10 mA)
a line where the resistance is proportional to the current.

Thereasorfor this is the differenttemperaturef the glow wire; the resistancef metalis proportional
to its temperature:



R(T)=R,+(R, B)-T.

From the diagram can be seen:

Q
R,=1540, R, =2.25> B = 0.146? .
The wire is heatedby the currentthroughit, this risesits resistanceandlesscurrentcanflow — until
the temperature@ndthe resistancearebalancedut. The currentis determinedy the resistancef the
wire and the voltage.

We canonly guesswvhy this doesnot seemto applyfor currentdessthan10 mA (therethegraphis not
linear,andfor very small currentsalmosthorizontal).Maybethe temperaturef the wire is solow that
convection inside the light bulb is sufficient to cool it down.
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5. How big is the ohmic resistance of the two coils?

Comparator resistor: & 10002

Voltage: 0.5V
r_ AR
' 1000- A’
| A R[]
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+ij1_ A _
R,+jwl, 1000—A"

Small coll
A=660; R,=90Q; R, ,=560Q2 (see previous measurement); R,=R,,+ Ry;
R, =Ry =3450Q; L,=L,,=(0.0023+0.0001 H ;

Al(Ry+Ry)+ ] w L,

1000— A

The inductivity of the small coil i50.0045+ 0.0002 H .

R+jwl, = =

=1860Q + j w-0.0045H ;



Big coil (half coil)
A=112; R, =7.90Q; Ry, =3450Q; R,=Ry, +R,; R =R;;=5600Q; L,=0.0045H
(see previous measurement);

A[(Rsmall +Ry)+]jw Lz]
1000—- A
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:
2

(A'is the cross sectional area, | the length of the coil, and N the number of turns).

Sofor the coil with the half numberof turnswe would expectapproximatelyl/ 4 of theinductivity of
thewholecoil (if it hasthe sameength;thatis possibleif the coil is madeof severalayersof wire, so
using the connectionin the middle half of the turns are usedon the full length of the coil), thatis
0.001125, 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.

R+jwl,= —4450Q + | w-0.00057H ;

Capacitor
]
Z, wC, C, A
— — =—=—7+7——: A=30%; C,=1uF;
Z, ] C, 1o00_ A’ AT LT e
w C,
(1000—- A) C,
= C,= =23uF.

A



