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CHAPTER 4 

MEASUREMENT OF 

ELECTRICAL QUANTITY 
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4.0 Permanent Magnet – Moving Coil 

Movement 

4.1 Measurement technique for Voltage 

4.2 Measurement technique for Current 

4.3 Measurement technique for Resistance 

4.4 Measurement technique for Capacitor 

4.5 Measurement technique for Inductor 

4.6 Oscilloscope 
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4.0 PERMANENT MAGNET – 

MOVING COIL (PMMC) MOVEMENT 
■  Main function: to measure direct current, DC (in mA & uA). 

■ Can be modified to measure: 

■  alternating current (AC) 

■ voltage (DC or AC) 

■ Resistance 

■ measure in higher range 
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■  Consist of permanent magnet and coil of conductor which is able to 

move (attached with needle pointer). 

■ when current flow through the coil, magnetic field is produced 

around it. 

■ The pole of magnetic field and the pole of permanent magnet will 

interact each other and cause the coil to rotate together with the 

movement of the pointer. 

■ The pointer movement proportional with the amount of current flow. 

Structure and operation 
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1. Draw an example of a Direct Current (DC) and what do you understand 

about ripple? 

2. Draw an example of an alternating current (AC) ? Can you determine 

these terms; amplitude, peak-peak voltage, time period and 

frequency? 

3. What is the frequency of mains electricity in Malaysia? 

4. What is Root Mean Square (RMS) values? 

5. What do AC meters show, is it the RMS or peak voltage? 

6. If you measure an AC current, What does ‘6A AC’ really means, is it the 

RMS or peak current? 

7.  For AC signal, is it RMS voltage (or current) same as average voltage 

(or current)? 

Revision 
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4.1 Measurement technique for voltage 

■  Several techniques to measure voltage: 

■ Voltmeter 

■ Oscilloscope 

■   Voltmeter 

■  A measuring instrument for measuring the voltage 

between two points in an electrical circuit. 

■ Many voltmeters are in fact very high resistance 

ammeters. Thus, very minimum disturbance to the 

circuit. 

■ Connected in parallel with the circuit being measured. 
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Basic circuit of a voltmeter 

■  Voltmeter should have high resistance compared to 

circuit being measured to minimize the loading effect. 

■ To design a voltmeter, the maximum range is required. From 

V = (Rs + Rm) Im…..(4.1) 

■ Sensitivity, S = 1 / Im (ohm/volt)…..(4.2), 

 Thus the maximum range of measured Voltage value: 

  V = (Rs + Rm) / S…..(4.3) 

■ From 4.3 Total resistance, RT , 

 RT = (Rs + Rm) = S x V…..(4.4) 

 RS = (S x V) – Rm…..(4.5) 

Rm = internal meter resistance 

 

Im = full scale operating current 

 

Rs = shunt resistance 
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■  Convert a 50μA, 3kΩ PMMC into a 0-10VDC voltmeter. 

 

 

 

 

■ Answer: From equation 4.1, 

(Rs + Rm) Im = V 

Rs + 3kΩ = 10 / 50μA 

Rs = 197kΩ . 

 Sensitivity of the voltmeter: 

S = 1 / Im = 1 / 50uA = 20 kΩ/V 

 

Example 

Im 

Rs 



10 

Multi range voltmeter 

■  How can we extend the range of the basic voltmeter to 

encompass several ranges? 

 

 

 

 

 

■  We can add multipliers for each range to create a 

multirange voltmeter. 

■ Does this method suffer from any disadvantages? 
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Example 

Using a 1mA, 100Ω PMMC movement, design a multi-range 

voltmeter with the following ranges: 0-10V, 0-50V, 0-250V and 

0-500V. 

Solution: 

 

 

 

 

 

What is the maximum voltage measurable by the given 

PMMC? From equation 4.1 and assume Rs = 0Ω 

V= 1mA × 100Ω = 0.1V 

Therefore we need a multiplier for all ranges 
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Example (cont’) 

 

From equation 4.5 : Rs = (S x V) –Rm 

S = 1 / Im = 1 / 1mA = 1000 Ω/V 

Therefore :  

 R1 = (1000 x 10) – 100 = 9.9 kΩ 

 R2 = (1000 x 50) – 100 = 49.9 kΩ 

 R3 = (1000 x 250) – 100 = 249.9 kΩ 

 R4 = (1000 x 500) -100 = 499.9 kΩ 

 

Note the non-standard values for the shunt resistors. 

This is the main disadvantage of this type of approach in 

producing a multi-range voltmeter. 
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More example 
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