H 303 — Physics for Engineers II - Laboratory
UNIVERSITAT EXP erlment # 1:

DC Measurements

- Multimeter:

- Measurements of DC voltage and current, and resistance

- Errors introduced by the multimeter

- Omh’s Law for Direct Current:

- experiment: ‘short’ and ‘long’ arrangement

- Maximum Power Transfer Theorem
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H 303 — Physics for Engineers II - Laboratory
e Multimeter (1/2)

Used as an ohmmeter (it measures Q),
voltmeter (V), ammeter (I)

-Ammeter: current measurement (A)
(in series)

(V)
-Voltmeter: voltage measurement ‘ =/ ‘
(in parallel)
-Ohmmeter: resistance measurement
resistor must be isolated from the rest of the circuit

Please, pay attention to input terminals (“yacks™) and to the range selected!!!
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H 303 — Physics for Engineers II - Laboratory

o Multimeter 2/2)

JAUME-I

Errors when using a multimeter:

- uncertainty of the device: digitising error and precision

- perturbations introduced in the circuit by the instrument

Ideal (Ry=00, R,=0) and

multimeters:
: RV IV
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>
UNIVERSITAT Ohm S Law

JAUME-l
A% iy

A//E' Vp-V=1R i % I

ohmic materials

non-ohmic materials

slope = 1/R

V vV
(@) (b) 4
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- Resistance measurement from

Ohm’s Law

V)
I M I “Short” arrangement:
& R 1 | |

=—+
R R Ry,

short

O “Long’” arrangement:
1 |
L"@‘WRW*’J‘ Ripng =R+R
V=IR
s Same value for R only it Ry,=co, R,=0

e
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aeene Maximum Power Transter Theorem

- (Jacobt’s Theorem) (1/2)

Work done by the electrostatic field,
change in electrostatic potential energy:

W=qV,-7.)

W=1(V,-V.)1
Following Ohm’s Law: W =I°R¢

Power dissipated in the load: P=I*R=1(V, -V.)

‘ © \
I | - &
R, R, +r;

C 1

Power 2
oW P gRe .

| . . =
e|I o dissipatedin R: °  (r+R,)’ 6
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o Maximum Power Transter Theorem

JAUME-I

o U acobt’s Theorem) (2/2)

p- €k _y, %
) (’/;'—FIQe)2 aRe

=0=>R, =1

T
el Vl\-M

Maximum Power Transfer Theorem:
Maximum power 1s transferred when the internal resistance of the

source equals the resistance of the load (when the external resistance can be
varied and internal resistance is constant)

€ E
— R, =—-r,

_ To obtain r; linear
Re +1 )i regression, R_ vs. 1/1

I
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ey Bxperimental procedure

JAUME-I

1. Find the nominal value of a pair of resistors using colour codes

2. Measure their resistance with a multimeter and their association in

series and in parallel

3.1. “Short” arrangement for only one of the resistors (vary the

voltage from 1 V to 10 V in steps of 1 V): table €(I), plot and least-
squares fit, determination of R

3.2. “Long” arrangement (same procedure)

4. Maximum power transfer theorem: emf = 1V, rheostat (variable

resistor) R =2-9 Q, steps of 1€2, measure rheostat’s resistance with

ohmmeter (always disconnect power from resistor), plot and fit,

8
determination r,, plots of P, P, 1.



303 — Physics for Engineers II - Laboratory
Resistors

--None--

UNIVERSITAT
JAUME-I
ond hand  Multiplier 3dband  Multiplier
d
1st band Tolerance 2"° band Tolerance
W | 1st band m |
(= N
\J‘ '\—/‘

Silver x 0.01 10%

Gold x 0.1 5%
0 0 0 X1
1 1 1 |x10 1%
2 2 2 x100 2%

Orange 3 3 3 x 1000

Yellow 4 4 4 x10000

Green | 5 5 5 |x100000 | 0.5%

Blue &6 6 6 x 1000000

Violet 7 7 7

Grey 8 8 8

White 9 9 9

20%
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How to read resistor colour codes

Silver

O O N OV~ WM = O

O O N OV~ WIN = O

x 0.01 10%

x 0.1 5%
x 1

x 10 1%
x 100 2%
x 1000

x 10000
x 100000
x 1000000

0.5%

20%

Gold

0

1

2
Orange 3
Yellow 4
Gresnll 5
Bluelii  ©
Violet 7
Grey 8
White 9
--None-- -

—(II T

I )—

Left resistor:

yellow - violet — orange — gold
4 -7 - 3 zeros, 5% tolerance
47000 Q = 47 kQ

Real value between 44650 Q and 49350 Q

(47 kQ * 5%)

Right resistor (one more band)
precision resistor: tolerance 2%
brown - green — yellow — orange
1-5-4 -3 zeros, 2% tolerance

154000 Q = 154 kQ = 0.154 MQ
Real value between 150.9 KQ and 157.1 KQ
(154 kQ £ 2%).

10
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303 — Physics for Engineers II - Laboratory
Multimeter measurement accurac

Uncertainty of the multimeter (digitising error and instrument precision):
% measurement + (digits - resolution)

Multimeter HP E2378A

Voltage

Multimeter Promax PD751

Range | Resolution

DC Accuracy

AC Accuracy* I|mlnput Max. Input

pedance

400.0 mV 0.1 mV

+(0.3% meas+5 dig)

+(1.5% meas+5dig)] 100 MQ

Accuracy
Function Range | Resolution = (% rdg + number of digits)
' E2373A E2377A
E2378A
dc voltage | 300 mV 100 uV 05% + 2 0.3% + 2
3V 1mV 0.5% + 1 0.3% + 2
3oV 10mv 0.5% + 1 0.4% + 1
300V 100 mV 0.7% + 1 0.4% + 1
: 1000V 1V 0.7% + 1 0.4% + 1
ac voltage v 1mVv 1.2% + 4 1.0% + 3
30V 10mV 1.2% + 4 1.0% +3 .
300V 100 mV 1.2% + 4 1.0% + 3
750V 1V 1.2% + 4 1.0% + 3
dc current 300 A 100 nA - 1.0% + 2
3 mA 1A — 1.0% + 2
30 mA 10 A 1.0% + 2 1.0% + 2
300 mA 100 A 1.5% + 2 1.5% + 2
10A 10 mA 1.5% + 2 1.5% + 2
ac current 300 A 100 nA — 2.0% + 5
3mA 1 uA — 20% + 5
30 mA 10 uA 20% + 5 20% + 5
300 mA 100 uA - 2.0% + 5 2.0% + 5
10A 10 mA 20% + 5 20% + 5
Resistance 300 Q 100 mQ 0.7% + 2 0.7% + 2
3kQ 1Q 0.7% + 1 0.7% + 1
30kQ 10Q 0.7% + 1 0.7% + 1
300k Q 100Q 0.7% + 1 0.7% + 1
imMmaQ 1kQ 1.5% + 1 0.7% + 1
ooMQ 10kQ 3.0% + 1 20% + 1

4000 uA 1 uA

4000 mAl 10 pA

4000mA| 100 pA

+{1.2% meas+10dig)

4.000 V 1mv +{0.1%meas+5 dig) |(1.0% meas+5dig) 1000 V DC

40.00 V 10 mv PD-751 {40 — 1 kHz) PD-751 of AC peak
+(0.5% meas+5 dig) [—4L_200HZ)PDTRO L 44 pgry <10'f

4000 V 100 mV PD-750 +(1.5% meas+5dig)

1000 V 1V +(0.5%meas +5 dig) {700V}

Current

Range | Resolution DC Accuracy AC Accuracy® |Max. Input FE: ;‘::c(:ia:;

4000pA ]  0.1uA
+{1.5% meas+10dig) fuse

(40— 1 kHz) PD-751
(40 - 500 Hz) PD-750

400mA 4 5 a250 v

20.00 A 1 mA

(2% meas+10dig)

(2% meas+10dig) | (every 15 | 5 pinen

20A,<30s Fuse

min.}
Frequency
Range Resolution Accuracy Max. Input
5.000 Hz 0.001 Hz
50.00 Hz 0.01 Hz
500.0 Hz 0.1 Hz +(0.1% meas+2dig)
5.000 kHz 1Hz (250 mVac peak minimum}) 250 V DC or CA peak
50.00 kHz 10 Hz
500.0 kHz 100 Hz
5.000 MHz 1 KHz
10.00 MHz 10 KHz
Resistance
Range Resolution Accuracy Max. Input
400 O 010
4.000 kO 10
40.00 kQ 100 + (0.5%meas + 10di
100 Te —= 9 250V DC or AC peak
4000 kQ 1 ki 11
40 MQ) 10kQ +{1% meas+5dig)
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UNIVERSITAT Que S tlon S

JAUME-I

1.- Discuss why equations (2) and (3) in the lab manual provide the
resistances measured for the ‘short’ and ‘long’ arrangement.

<R <R

Justity why R long:

short

Estimate the internal resistances of the ammeter and the voltmeter.

2.- Compare your experimental results with the series and parallel
combination rules for resistors.

3.- Show that the maximum of the function P_=P_(R)) is obtained
when R_=r.
4.- Describe qualitatively how P. and M change when we vary R..

5.- Which value of R, gives a performance of 0.52. What happens with
P. and P, for this value of R.?
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