
FYSP1082 / 3  COMPONENTS IN AC CIRCUIT 

 

Goals for measurement 

 To enforce understanding of theory of the subject 

 To illustrate ac circuits in action 

 

1   Introduction 

 

In the early 20th century direct current was a competitor for alternating current. E.g. Edison stood 

for dc systems when Westinghouse promoted alternating current. After all, ac systems were 

adopted because it was more practical. For example, transforming and transferring alternating 

current is much simpler than those for direct current. 

 

Because of alternating voltage, components in ac circuit have different features than same 

components in dc circuits. These features have created basis for entire modern electronics and 

signal-treating. 

 

In this measurement these features are observed further. Concepts related to AC circuits are 

impedance, reactance and phase-shift (phasing). The inductance and resistance of a coil and 

capacitance of a capacitor are measured and properties of LCR circuits are illustrated.  

 

The subject is well covered in the textbook of the FYSP1050 course: 

 Randall D. Knight, Physics for Scientists and Engineer, A Strategic Approach 

 H.D. Young and R.A. Freedman, University Physics with modern physics 

 

Below, only a short summary of the subject is presented. 

 

After reading this work instruction, you should know, which electric components are used in 

this laboratory work and what the resonance (in this work) means.  

 

 

 

 



2   Theoretical background 

 

The most typical form of alternating current is sinusoidal wave: 

𝑖 = 𝐼(𝑡) = 𝐼𝑐𝑜𝑠(ω𝑡)    (1) 

𝑣 = 𝑉(𝑡) = 𝑉𝑐𝑜𝑠(ω𝑡)    (2) 

When dealing with alternating currents, the difference between frequency and angular frequency 

must be taken into account. The same goes with maximum and root mean square (rms) –values. 

Oscilloscope gives the amplitude of voltage, from which rms-values can be calculated. The 

multimeters are calibrated to give the rms-values. 

 

2.1 Components in ac circuit 

 

In this measurement you will study the behavior of a resistor, a coil and a capacitor in ac circuit. 

A resistor acts the same way as in dc circuit but the others have some new features. In dc circuit 

a coil acts as short circuit (current flows) and a capacitor as open circuit (current doesn’t flow). 

In ac circuit both resist current to flow, but the amount depends from the frequency of current. 

 

2.2 Coil, capacitor and resistor connected in series 

 

 

Figure 1: A resistor, coil and capacitor connected in series 

 

In ac circuits, the feature that resists current to flow is called impedance and is marked by Z. The 

impedance depends on frequency and it consists of the reactances of the coil and capacitor (XL 

and XC) and the resistance R. In dc circuits you can sum the resistances to get the total resistance, 

but in the case of ac circuit, this is not the case. Correspondingly, you can’t just sum the potential 

differences, instead you have to use the formula 

 

𝑉 = √𝑉𝑅
 2 + (𝑉𝐿 − 𝑉𝐶)2,    (3) 



where VR, VL and VC are the voltage losses in resistor, coil and capacitor, respectively.  

The pointer diagram shown in Figure 2 illustrates this feature of ac circuit. 

 

Remembering that V = ZI and VR = RI and the formulas of capacitive and inductive reactances, 

we get a presentation for impedance 

𝑍 = √𝑅2 + (𝑋𝐿 − 𝑋𝐶)2    (4) 

 

2.3 Phase-shift 

 

If a circuit includes capacitors or coils, a phase-shift is formed between current and voltage. This 

phase-shift , can be calculated from equation 5 (see also fig. 2) 

𝑡𝑎𝑛𝜑 =
𝑋𝐿−𝑋𝐶

𝑅
=

𝜔𝐿−1 𝜔𝐶⁄

𝑅
    (5) 

The frequency, for which the phase-shift is zero, is called the resonance frequency. In this case 

the effects of capacitive and inductive reactances cancel each other out and only resistor 

“consumes” voltage. Then 

𝑋𝐿 = 𝑋𝐶 ⟹ 𝜔𝐿 =
1

𝜔𝐶
 ,    (6) 

and from this formula the resonance frequency  can be calculated. 

 

 

Figure 2: Pointer diagram for LCR circuit 

 

 

 

 

 



3   Experimental setup and measurements 

 

The setup includes following devices: 

An adjustable decade resistor 

A coil, which reads about 200 mH 

A capacitor, C ~ 1 µF 

An oscilloscope 

A signal generator 

Conductors 

2 multimeters 

1,5 V battery 

 

Measurements are done by using multimeters and an oscilloscope. Attention should be paid to a 

type of the resistor. This is because in ac circuits all components have attributes of each other. 

A certain type of a resistor has also capacitance and inductance, which causes error to results. 

To get exact results, the frequency should be under 1 kHz, because multimeters can’t measure 

voltage or current which frequency is too high. This frequency sets limits for capacitors and coils 

also. Capacitance should be less than 50 µF and inductance greater than 50 mH. 

 

Measurement 1. For measuring capacitance of a capacitor, connect a capacitor, decade resistor 

and a source of alternating voltage in series (fig. 3). Choose a frequency from 50 to 200 Hz and 

measure about 10 current-voltage pairs over a capacitor. Use currents less than 10 mA. 

 

 

Figure 3: Capacitance measurement 

 



Measurement 2. Determine the resistance of a coil. Connect the coil, decade resistor and battery 

in series (fig. 4). Measure the voltage over the coil using several values of the current. You can 

adjust current with adjustable decade resistor. 

 

Measurement 3. Determine the inductance of the coil by determining the impedance LZ  first. 

Replace the battery by the ac source and repeat Measurement 2 (fig. 4). Change the current by 

adjusting the resistance but keep the frequency constant. 

 

Figure 4: Connections used in measurements 2 and 3. 

 

Measurement 4. Connect the coil, capacitor and resistor in series with the alternating voltage 

source (fig. 5). Set the frequency to 50 Hz and measure the voltages over each component and 

then over the entire circuit. Also determine the phase-shift at 50 Hz frequency. Pay attention to 

the grounding point! 

 

Figure 5: Voltages in LCR circuit 

 

Measurement 5. Determine the resonance frequency of LCR circuit (fig. 6) by using the 

oscilloscope and the multimeters. Rehearse the use of the oscilloscope if needed. Set the 

oscilloscope in XY-mode. On the screen there should be an ellipse, which stretches and rotates 

when the frequency is adjusted. At resonance frequency this ellipse should be a diagonal straight 

line. The resistance of the coil may cause some hysteresis and therefore bents the ellipse on the 

screen. If this is the case, find the frequency when there is a thin shape of “S” on the screen. 



After that, measure voltages over capacitor and coil with multimeter to be sure that they are 

approximately equal. 

 

You can determine the resonance frequency also by using the normal mode of oscilloscope. 

Observe both channels at the same time and adjust frequency. At resonance frequency waves 

have same amplitude and opposite phase. 

 

Figure 6: Schematic diagram for measurement 5. 

 

4 Results 

 

Use the graphical method to determine capacitive reactance of the capacitor and resistance and 

impedance of the coil. From these results, calculate the inductance of the coil and capacitance 

of the capacitor including the error analyses. What kind of effects should the increase of 

frequency give to voltage over coil and capacitor? Are the theory and experiment in agreement 

with each other? 

 

Calculate the straight and quadratic (equation 3) sum for the LCR circuit used and compare those 

to the measured value. Which one is greater, capacitive or inductive reactance when the 

frequency is below resonance frequency? Is the current leading the voltage, or vice versa? 

 

Calculate the theoretical value for the resonance frequency with the experimental values of the 

capacitance and inductance. Compare this with the experimental value. How would it change, if 

the capacitance of the capacitor would be greater? Justify your arguments. 

 


