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entire description of the oratory and answer the hlBowing 
the material contained in reading assignment. Turn in the 

completed prelaboratory ment at the beanning of the laboratory period prior 
to the performance of th 

k In a series RC circuit such as the one in Fi e 37.1, the following phase rela- 
tionship exists between the generator voltage V, the capacitor voltage Vc, and the 
resistor voltage VR. (a) V and VR are in phase, Vc lags V' by 90"; (b) Vc and VR are 
at  angle 4, V leads Vc by 90"; (c) Vc lags VR by 9Q0, V lags VR by angle 4; or (d) VR 
lags Vc by 4, Vc leads V by 90". 

2. If a series RC circuit has VR = 12.6 Vand Vc = 10.7 V, the generator voltage must 
be (a) 12.6 V, (b) 23.3 V, (c) 1.9 V, or (dl 16.5 V. Show your work, 

3. A series RC circuit has w = 2000 rad/s and R =: 300 a. The v~litage Vc is mea- 
sured to be 4.76 V, and VR is measured to at is the value of C? Show 
your work. (a) 2.37 pF, (b) 5.0 pF? ( e )  1.17 pF, or (d) 4.67 pF. 

4. A series RC circuit of R = 500 SE an C = 3.00 yF is measured to have VR -- $.07 
V Vc = 6.68 V. a t  is the current I, and what is the value of the angular 
frequency w? Show your work. 
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5. A series LCR circuit consists of an in uctance L and resistance r,  a 
capacitor C, a resistor R, an a generator of voltage V. ark as true or false the 
following statements concerning the relative phase of V, VL, V,., Vc, and V'. 

1. V, and VR are in phase. 

2. VL leads Vc by 90". 

3. V is at angle qb relative to VR. 

-- 4. VL - VC is in 

5. Vc lags VR by 90'. 

6. Measurements on the circuit ed in question 5 give VL = 10.76 V, Vc = 5.68 
V, BJdd = 6.32 V, and V, = 3.75 is the generator voltage V? Show your work. 

7. h inductor with L = 150 mH and r = 200 0 is in series with a capacitor, a resis- 
tor, and a generator of w = 1000 rads. The voltage across the inductor Vind is 
measured to be 10.87 V, V' is measured to be 4.65 V, and Vc is measured to be 
5.96 V. %%at is the generator voltage V? (Hint: This is the measurement to be per- 
formed in this laboratory for LCR circuits. Use equations 7 and 8 to find VL and 
V,, and then use equation 4 to find V.) Show your work. 
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C and LCR Circ 

is laboratory assumes that Laboratory 36 has previously been performed, and 
that the measurements made of the induc e and resistance of an inductor coil 
have been recorded and retained for use in laboratory. That same inductor is to 
be used in the LCR circuit, which is to be constructe in this laboratory 

OBJECTIVES 
If a sinusoidally varying source of emf with a frequency f is placed in series with 
a resistor and a capacitor, the current I varies with time but is the same in each 
element of the circuit a t  any given instant. The current I will vary with the 
same frequency f as the generator, but it will be shifted in phase by an angle q$ 
relative to the generator. The voltage across each of the circuit elements has its 
own characteristic phase relationship with the current. The resistor voltage VR 
is in phase with the current I, the capacitor voltage Vc lags the current by a 
phase angle of 9Q0, and the generator voltage V lags the current by the angle C$ 
whose value is dependent on the circuit parameters. 

If an inductor of inductance L and resistance r is now added to the above 
circuit to form a series LCR circuit, the phase relationship for the resistor and 
capacitor are the same, and the inductor voltage has two components. One com- 
ponent is the voltage V, across the resistance r, and it is in phase with the cur- 
rent. The other component VL is the voltage across the inductance k, and it 
leads the current by 90". 

Measurements of the voltage across each element in a series RC circuit and 
of the voltage across each element in a series LCR circuit will be used to accom- 
plish the following objectives: 
I Demonstration that the voltage across the resistor VR and the voltage 

across the capacitor Vc are 90" out of phase in an RC circuit 
2. Determination of the value of the capacitance of a capacitor in an RC 

circuit 
3. Verification of the phase relationships among the voltages across the 

resistor, the capacitor, and the inductor in an LCR circuit 

L Sine-wave generator (variable frequency, 5 V peak-to-peak amplitude) 
2, Resistance box 
3. A 100-mH inductor Laboratory 36 whose value of L 

and P' have already 
4. A 1.00-pF capacitor 
5, AC voltmeter (digital re out, capable of measuring high frequency) 
6. Compass and protractor 
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Consider a series circuit consisting of a capacitor 6, a resistor R, and a sine-wave 
generator of frequency f as shown i shown in the figure is a pha- 

resistor VR, and the 
this laboratory are 

equation relating the magn 

igure 37.1 WC circuit and the phasor diagram for the voltage across each element. 

Note that equation E is valid only for a pure ca acitor with no  resistive component. 
If measurements on a real capacitor show agreement equation 3, it would indi- 
cate that the capacitor Baas no significant resistive co 

n each element of the 
rent for the resistor: a 

the "capacitive rea~tance,~' an 
een the two equations in 2, a 

Thus, a value r the capacitance of an uxaknom capacitor can be 
equation 3 if w and R are known and V' and V' are measured. 

. Connect the capacitor provided in series with e generator and a 
resistance box to form a circuit like 
output to maximu voltage and set 
f in  Data Table 1. Set the resistance box to a val 
as R in Data '%able 1. 
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2. Using the AC voltage scale on e voltmeter, very care Ily measure the genera- 
tor voltage V, the capacitor voltage Vc, and the voltage across the resistor VR. 
Record those values in Data Table 1. 

3. Repeat the above procedure for three other cases using R = 580,708, and 980 a. 
Do not assume . Even though the vslt- 
age setting is 1 r output might change 
slightly in response to e e sure to measure all three volt- 
ages for each value of R. 

4. Obtain a value for the capacitance of your e acitor from your instructor. Record 
this known value as Ck in Data 

1. From the known value of the frequency f ,  calculate the value of the angular fre- 
quency w ( C ~ P  = 271f ). Record the value of w in Calculations Table 1. 

2. Calculate the quantity + 3 for each ease and record the values in Calcu- 
lations Table 1. 

3. Calculate the percentage error in the quantity dVC + VZR compared to each of 
the measured values of the generator voltage V. Record these percentage errors 
in Calculations Table 1. 

4. Using equation 3, calculate the values of C from the measured values of and 
Vc for each value of R. Record each value of C in Calculations Table 1. Calculate 
the mean C and the standard error q for the four values of C and record them 
in Calculations Table 1. 

I 

5. Calculate the percentage error in the value of compared to the known value of I 
the capacitance Ck. 

Consider a series LCR circuit shown in Figure 37.2, with a generator of voltage V, 
a resistor R, a capacitor C, an an inductor having inductance L and resistance r. 
Note that the capacitor is assu ed to have no resistance. Also shown in Figure 37.2 
is the phasor dia am for the voltages V, VR, Vc, VL, and V,. The figure shows that 
VL and Vc are 180" out of phase, and VR and V ,  are in phase. Therefore, the quanti- 
ties VL - Vc, V, and VR + V ,  form a right triangle, and thus they obey the following 
relationship: 



Figure 37.2 LCR circuit with voitrneter in the four positions to measure voltage across each 
element of the circuit. Also shown is a phasor diagram of all the relevant voltages. 

It is not possible to measure either VL or V ,  irectly. The only voltage associated 
with the ind~ictor that can be experimentally me is shown in Figure 33.2 as 
Vind, and it is the vector sum of the voltages VL . The relationship between 
Vind, V', and V, is shown in Figure 37.3. It is clear from that figure that the volt- 
ages Vinci, VL, and obey the following relationship: 

VXind -- V2L .f V2,. (5) 

igure 37.3 Phasor diagram for the voltages acrosss the components of the inductor. 

Since the current P is the same in eac e circuit, the voltages VL and V,. 
can be expressed in terms of the current I as 

The quantity wL is called the "'inductive reactance," an 
tions 5 and 6 are combined, and the current P is &mi 
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ng that w, L, and r wn, equations 7 and 8 can e used to determine 
V, if Vind is measur se values of VL and V, corn ed with measured 

values of' Vc and VR can b n equation 4 to verify the relationship between 
these quantities and the generator voltage V. 

L Construct a series LCR circuit like the one shown in Figure 37.2 using the same 
previously, the in uetor used in Laboratory 36 (whose L and r were 

ory), a resistance box, and the sine-wave generator. 
r in Data Table 2. 

2. Set the generator output to maxi urn voltage and set the frequency to 800 Hz. 
Set the resistance box to a value of 20 a. Record the values o f f  and R in Data 
Table 2. 

3. Using the AC voltage sca e on the voltmeter, very carefully measure the genera- 
tor voltage V, the citor voltage Vc, the resistor voltage VR, and the inductor 
voltage Vnd. Reco se values in Data Table 2. 

4. Repeat; the procedure of ste s I through 3 with the generator frequency set to 
f = 600 Hz and the resistance box set to R = 200 a. 

5. Repeat the procedure of steps 1 through 3 two more times, once with R = 300 92 
and f = 608 Hz, and again with R = 300 $2 an 

CALC -L 

k From the known value off for each case, calculate the angular frequency w (o = 
2 ~ f i  and record the values in Calculations Table 2. 

2. Using equations 7 and 8, calculate the four values of VL and V, and record them 
in Calculations Table 2. 

3. Calculate and record in Calculations Table 2 the four values sf VL -- Vc and VR + $r,. 

4. For each of the fpur cases calculate and record in Calculations Table 2 the value 
of the quantity t (VL - Vc)2 + (VR + V,)2. 

--- 
5. Calculate the percentage error in the quantity 1-12 + (V' + V,)2 compared 

to the measured value of the generator voltage V. Record the values of those per- 
centage errors in Calculations %b 
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L Comment on the a eement between the measure generator voltage V and the + quantity We + for the RC circ 

2. Do your results for question 1 confirm that the capacitor has no resistance? State 
specifically how the data either do or do not confirm this expectation. 

3. Evaluate the precision of the measurements of the value of the capacitor in the 
RC circuit. 
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4. Considering the given value of Ck as the true value, comment on the accuracy of 
your measurements of the c 

5. Comment on the agreement between the measured generator voltage V and the 
quantity '/(VL - Ve)2 + (VR + V,)2 in the LCR circuit. 

6. Do your results eonfirm the phasor diagram of igure 37.2 as a correct model for 
the addition of the voltages in an LCR circuit? 
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