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Lab01: Basic DC Measurements

Introduction: 

This first purpose of experiment is to learn how to use the instruments properly for DC circuits, mainly in three instruments: Power supply, Digital Multimeter (DMM) and Analogue Multimeter (AMM). Besides, methods for collecting physical quantities also can be learned by using DMM and AMM. By analyzed the data, the fundamental experiment theory can be observed.

Procedure and Data:
Experiment 1: Resistance Measurements

a. Procedure

First, pre-setting the DMM place zero position before starting experiment. Second, a 1kΩ resistor with 5% tolerance should be measured by using DMM. By compared the expected resistance from its color code and the measured resistance, to calculate the percentage difference between two values. Third, ten different 1kΩ and 1.2kΩ resistors with 5% tolerance respectively should be tested and recorded the values and percentage different, and determine the accuracy of these resistors.

b. Data and Result

The resistance of brown-black-red-gold resistor is 1kΩ.

The resistance of this resistor measured by DMM is 0.975kΩ.

The percentage difference is 
[image: image1.wmf]%

5

.

2

%

100

1

1

975

.

0

1

-

=

´

-

=

k

e


	1kΩ resistor (kΩ)
	1.2kΩresistor (kΩ)
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	Within or not the tolerance range of 1k Ω
	Within or not the tolerance range of 1.2k Ω

	0.975
	1.222
	-2.500
	+1.833
	√
	√

	1.017
	1.196
	+1.700
	-0.333
	√
	√

	0.977
	1.203
	-2.300
	+0.250
	√
	√

	0.977
	1.207
	-2.300
	+0.583
	√
	√

	1.021
	1.232
	+2.100
	+2.667
	√
	√

	1.000
	1.217
	0.000
	+1.416
	√
	√

	0.988
	1.194
	-1.200
	-0.500
	√
	√

	0.983
	1.199
	-1.700
	-0.083
	√
	√

	0.990
	1.243
	-1.000
	+3.583
	√
	√

	1.015
	1.227
	+1.500
	+2.250
	√
	√


Table 1 Data and result of measured 1kΩ and 1.2kΩ ten resistors.

The average resistance of 1kΩand 1.2kΩten resistors are 0.994kΩ and 1.214kΩ.

The largest measured values of 1kΩ and 1.2kΩ are 0.975kΩ and 1.243kΩ.

The largest measured deviations are 
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This experiment shows that these resistors are within its color code range, it is an acceptable result.

Experiment 2: Resistance Measurements

a. Procedure


Three 1kΩ resistors are connected in series and in parallel, and measured resistance and calculated tolerance range. Comparing the measured resistance to expected range, to see whether the result is within the expected range. Lastly, using DMM and AMM undergoes this experiment.

b. Data and Result

	DMM
	Expected resistance (kΩ)
	Expected range (kΩ)
	Measured resistance (kΩ)
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	Within the tolerance range

	In series
	3.000
	3.150 to 2.850
	2.960
	-1.330
	√

	In parallel
	0.333
	0.350 to 0.316
	0.332
	-0.300
	√


Table 2 Data and result of measured three resistors in series and in parallel with DMM.

	AMM
	Expected resistance (kΩ)
	Expected range (kΩ)
	Measured resistance (kΩ)
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	In series
	3.000
	3.150 to 2.850
	3.200
	+3.330
	√

	In parallel
	0.333
	0.350 to 0.316
	0.340
	+3.100
	√


Table 3 Data and result of measured three resistors in series and in parallel with AMM.

The results conducted by DMM are close to the expected values, so DMM performs better than AMM in this experiment.

Experiment 3: DC voltage Measurements

a. Procedure


A Power supply is set to 10V and measured its power output; a percentage difference of measured values and expected value should be conducted.


Controlling the current to 0.1A and DC power output to 0V, voltage across resistor is increased slowly until the state changing from constant voltage to constant current. A problem would happen between readings and expect. It is measured by using DMM and AMM.

b. Data and Result
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	Measured voltage (V)
	Error of measured voltage (%)

	DMM
	9.98
	-0.20

	AMM
	10.00
	0.00


Table 4 Data of measured voltage


The voltage reading does not change, because the output current is limited in the circuit. By considering the equation, constant current result constant voltage.

Experiment 4: DC Current Measurements

a. Procedure


To build a circuit is same as Figure 1 by using breadboard. Current flow can be measured in the circuit and see whether current match the equation (V=IR). Reversing the direction of ammeter connection, current flow also is check whether match the equation (V=IR). Using DMM and AMM undergo the experiment.

b. Data and Result


[image: image11.wmf]mA

I

R

V

I

R

I

V

ected

ected

ected

100

100

10

exp

exp

exp

=

=

=

=


	
	Current (mA)
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 (DMM)
	96.1
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 (AMM)
	100.0


Table 5 Current measured by DMM and AMM

Reverse the current flow in the circuit

	
	Current (mA)
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 (DMM)
	-94.7
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	No signal


Table 6 Current measured by DMM and AMM by reversed direction

DMM can measure the current with different direction, but AMM only can measure current in one direction.

Experiment 5: Practical Voltmeter

a. Procedure


Connecting the circuit as shown in Figure 2, voltage across multimeter can be measured; internal resistance of multimeter also can be calculated by using equation 
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. Using DMM and AMM undergo the experiment.

b. Data and Result

	
	DMM
	AMM

	Measured resistance (MΩ)
	0.996
	1.000

	Measured voltage (V)
	9.170
	8.200

	Voltmeter resistance (MΩ)
	11.048
	4.560


Table 7 Result for calculated voltmeter resistance

The result from DMM is more reasonable than its AMM, because the expected internal resistance of voltmeter should be as large as possible.

Experiment 6: Practical Ammeter

a. Procedure


Setting up a circuit as shown in Figure 1, current across multimeter can be measured. Internal resistance of multimeter can be determined by using equation 
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. Using DMM and AMM undergo the experiment.

b. Data and Result

	
	DMM
	AMM

	Measured resistance (Ω)
	101.300
	100.000

	Measured Current (mA)
	95.200
	100.000

	Ammeter resistance (Ω)
	3.742
	0.000


Table 8 Result for calculated ammeter resistance

DMM can perform exact value of ammeter resistance, but AMM cannot show this result by using its data.

Discussion:

1. It is a possible reason that the ‘odd’ value can cover the loss resistance of tolerance band, and make sure that it can match the ideal resistance using in circuit.

2. Tolerance band (Brown - ±1%, Red - ±2%, Gold - ±5%, Silver - ±10% and No band - ±20%) Therefore, red color code represents ±2% tolerance.

3. Ammeter should be connected in series with resistor; it can protect the ammeter because of its low resistance. Voltmeter should be connected in parallel to the circuit; it will cause no current flow by connecting voltmeter in the circuit in series.

4. It is because low resistance ammeter does not affect the equivalent resistance of circuit, so the result should be more accuracy. Large resistance voltmeter can measure the actual voltage of connecting component by comparison with their resistances.

5. The possible reason for decreased voltage is that energy loss may occur in wire and resistor to convert into heat and light. When the circuit is completed, current flow can be found in the current.

6. AMM is always used for nulling, peaking and trend observation, and DMM is used for accurately measurement with fixed current or voltage. It is because DMM update its value in a short time (within 0.1s to 0.5s), so DMM cannot observe peak value in varying circuit. A up and down trend can be observed by using AMM.
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