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1. For a resistor in a series alternating-current circuit, e phase relationship between the current in the resistor an the voltage across the resistor is (a) the current; leads the voltage by 9
) the voltage leads the current by 90°,(c) the current is in phase with the
or (d) the current is at some phase angle t$
relative to the voltage ( 4 i
ent on the circuit parameters).
2. For an inductor in a series alternating-current circuit, the phase relationship
between the current in the in uctor and the voltage across the inductor is (a) the
current leads the voltage by 90°, (b) the voltage leads the current by 90°, (cb the
current is in phase with the voltage, or (dl the current is at some phase angle 4
relative to the voltage (4 is dependent on the circuit parameters).

3. For a generator in a series altemating-current circuit, the phase relationship
between the generator voltage and the current in the generator is (a) the current
leads the voltage by 90°, (b) the voltage leads the current by 90°, (c) the current
is in phase with the voltage, or ( ) the current is at some phase angle 4 relative
to the voltage (4 is dependent on the circuit parameters).
4. If a generator has a maximum voltage of 5.00 V, what is the root-mean-square
voltage of the generator? Show your work.

6. A 2.50-mHinductor has an m s voltage of 15.0 V across it at a frequency f
What is the rms current in the in ctor? Show your work,
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200 Hz.
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e inductor L and a pure resistor & are in series with a generator of voltage
voltage across the inductor is VL= 10.0 V. The voltage across the resistor
is 15.0 I? What is the voltage V of the generator? Show your work.

7. A 58042 resistor and a real inductor
se pure inductance is L and whose internal resistance is r are in series with
nerator whose voltage is V = 10.0 V and
whose angular frequency is w = 1000 rads. The voltage across the real inductor
is measured to be 4.73 V, and the voltage across the 500-IRresistor is measured
to be 6.57 V. What is the value of L and r? (Hint: This is the measurement to be
performed in this la oratory exercise. Use equation 7 to find 4, use equations 8
and 9 to find VLand V,, and then use equations 11and 12 to find wL and r. finally
find L from the known value of w.) Show your work.
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aced in series with
If a si
a resi
a
but is the same in
each element of the circ
t I will vary with
but
it
will
be
shifted
in
phase
by an angle
the same frequencyf as
across each of the circuit elements has
4 relative to the genera
its own characteristic p
ith the current. The resistor voltage
uctor voltage VLleads the current by
VRis in phase with the
90°,and the generator voltage leads the current by an angle 4,
whose value i ependent on the circuit parameters. Measurements sf the voltage across each element in
ries circuit of an inductor, a resistor, and a sinewave generator will be use
acco.mplish the following objectives:
L Demonstration of the
Live phase angle of the voltage across each
compo~lentin the circuit
2. Determination of the phase ang1.e of the generator current relative to
the generator voltage
3. Demonstration that real ind ors consist of both inductance and
represented by a pure inductor L in
resistance, and that they can
series with a pure resistance r
4. Determination of the value of Z and r for an unknown inductor

L Sine-wave generator (varia le frequency, 5 V peak-to-peak amplitude)
2. Resistance box
3. A 100-mH inductor (resistance E 350 Ck to serve as an un
4. Alternating-current voltmeter (digital readout, capable of measuring
high frequency)
5. Compass and protractor

re 36.1 in which a sine-wave generator
tor I2 and then t o a pure inductance E .
imum voltage of V and will t
in circuit (a).It will also p
he voltage acros
direct current c

VR = I R

(1)
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Figure 36.1 Generator and Resistor and Generator and Inductor. Phase relationships
between the voltage and current and phasor diagrams of the phase relationships.

If L is the inductance (in units of N)an w is the angular frequency of the generator ( w = 2n-f, in rad/s, then the following relationship exists between the voltage V
and the current I

v,

=

r @I-,

(2)

The quantity wL is called the "inductive reactance," and it has units of Q. For example, if a 1.58-mH inductor has a voltage of 10.0 V across it at a frequency of 100 Hz,
the current is I = VLIoL = 10.0/2n(100)(1.50 X 10.W = 10.6 A.
en an alternating current or voltage is meas
in the laboratory on a meter,
mber read for the current or voltage mu
some time-averaged value.
eters are normally calibrated in such a way that they respond to the root-meansquare value of the current or voltage. A root-mean-squared value of voltage can be
designated as Vm,. The relationship between Vrm, an V the maximum voltage is

Note that equations 1 and 2 refer to either m&mum values or rms values. If the
voltage is expressed as a maximum value of voltage in those equations, then the cusrent will be a maximum value. If the voltage is an rms value, then the current will
be an rms value. In this laboratory the o y quantities measured will be voltage, and
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all the measurements will be rms values. No subscripts will be put on the symbols,
rstood that all measured values of voltage are rms values.
n in Figure 36.1 below each circuit is a graph of the current and vsltage across the element for one full period. The graph for the case of the resistor indicates that the resistor current IR and the resistor voltage VRare in phase. For the
inductor the graph shows that th
and the inductor voltage VL
90"
out
of
phase,
with
the
vol
are
nt by 90". The graph below
also shows that the voltage rea
e one quarter of a period
reaches its maxi
ttom of Figure
a "pphsor diagram," whose
purpose is also to show the phas
rs are vectors drawn with
length proportional to the value
ty, and they are assumed
to be rotating counterclockwise
enerator. At any time, a
projection of one of the rotating
e instantaneous value of
that quantity. Since the resistor current and voltage are in phase, they are shown in
the same direction, and therefore their projection of the y-axis is always in phase.
For the inductor the vector representing the inductor voltage is 90" ahead of the vector representing the current when they are both assumed to be rotating counterclockwise.
Consider now the circuit obtained by placing a pure inductance L having no resistance and a resistor
ries with a sine ave generator of voltage V shown in
Figure 36.2. For this
the current I is e same at every instant of time in all
three circuit elements. Also given in Figure 36.2 is a phasor diagram in which ~ n l y
the voltages are shown. The phasor representing the current (which is not shown)
would be in the direction of the phasor labeled VRbecause the current and the resistor voltage are in phase. Note that the inductor voltage VL is 90"ahead of the resistor voltage VR,and the generator voltage is angle 4 ahead of VR.This phasor diagram shows that the generator voltage V is the vector sum of VRand VL. In equation
form the phasor diagram states

VR

Figure 36.2 Series circuit of Resistor and Inductor and associated phasor diagram.

From an examination of the phasor diagram it is also clear that the phase angle 4
voltages VL and VR,an thus to the resistance R and WLthrough
2. The relationshi

Note that equation 5 is strictly valid on y for a pure inductor that has no resistance,
but it can be used as an approximation if e resistance of the in uctor is negligible
compared to the resistor R.
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ductance L and the internal resistance r, This
ere is, of course, so e voltage VLacross L alone,
owever, there can be no direct measurement of
V' or V,. The only quantity that can be measured is Vind,which is the vector sum of
VLand Vr.

.3 Series circuit of real inductor with internal resistance r, a resistor
ator of voltage V. Also shown is the associated p asor diagram of the voltages.

A phasor diagram for the circuit is also shown in Fi e 36.3. Applying the law of
cosines to the triangle formed by V, VR,and Vindleads do

pind
= V2 + VZR- 2VVR cos 4

@)

Solving equation 6 for eos+ leads Lo the following:

Equation 7 states that the angle $t can be determine y a measurement of V9VR,
and Vind.
in Figure 36.3 shows that the unknown
An examination sf the pbasor
vdtages VLand V, can be determined from V, VR,an 4 by the following:

The current, H is the same in all the elements o
the voltage across each element by the followin

VL = IwL
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VR = dB

"ir, = IP

Once VL and Br, have been
can be used to solve for wL

from equations 8 and 9, the equations in 1
minating I to get

= R -VL

(ID

V'

EXPERIMENTAL PROCEDURE
e inductor in series with e sine-wave generator an a resistance box
of Figure 36.3. Set e generator to maximum voltage
to form a circuit 1
z. Set the resistance x to a value of 400 S1 and record
and a frequency o
that value as R in the Data Ta
2. Using the AC voltage scale on the voltmeter, very carefully measure the generator voltage V, the inductor voltage Vind, and the voltage across the resistor VR.
Record these values in the Data Ta

3. Repeat steps 1 and 2 for values of R of 0,800, and 1000 clZ. Do not assume that
the generator voltage stays the same. en though the voltage setting is left at
the maximum setting, the generator output might change slightly in response
to the changes in R. Therefore, be sure to measure all three voltages for each
value of R.
4, Make careful note of the parkicu as inductor you used. You may need to identify

it and use it again i
nating current circ
and saved along w

oratory exercises involving an inductor in an alterlues that are determined for E and r should be noted
entifieation of the indudor.

own value of the frequency 6; calculate
lar frequency w ( O = 2

record in the Calculations

2. Using equation 7, ca culate the value sf cos+ and then of 4 for each case an
record the values in the Caleu

3. Using equations 8 an 9, calculate VL and V,. for eac ease and record the values
in the Calculat;ions Table.
4. Using equations
the values in the

WEand r for each sf the four cases and record

5. Calculate the four values for L from the four va ues of OH, and the
w and record & m in the Calcu
Calculate the mean
ues of L and record

r values of r an
as F, k, a,, and

Construct to scale a phasor diagram like the one shown in Figure 36.4 for each of
the four eases. Use one sheet of graph paper and make four separate diagrams on
the one sheet of paper. Choose some scale (for example, 1. 0 V = 1.00 cm) so that the
diagrams are as large as
le, and that each one fits on one fourth of the sheet
a
vector
along the x-axis whose length is scaled to the magof paper. First, eonslract
nitude of VRas shown in Figure 36.4. Using a compass construct an arc from the end
of VRwhose radius is the length of the scaled value of Vind. Finally, construct an arc
from the beginning of VRwhose radius is the length of the scaled value of V. The
intersection of the two arcs is the intersection of Ynd and V, and those two vectors
can then be drawn in their proper direction as shown in part (b) of the figure. Finally
VLand V, can be constructed as shown in part (c) of the figure by dropping a perpendicular from the intersection of the arcs to the x-axis and extending a vector from
the end of VR.

Figure 36.4 Fhasor diagram construction.
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Calculations Table
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I. Comment on the precision of your measurement of L and r. State the evidence for
your comments.

xarnine the phasor diagrams at you have constructed. Using a protractor meaVind. Compare it with
sure the angle 4 of the constructed triangle of V, VR,
the ca%culatedvalue of 4 for each of the phasor diapa
Calculate the percentage error in the value of f?om the diagram com ared to the calculated value.

+

3. If your inductor was used in a series circuit with a resistance of R = 10,000$3and
a generator of w = 100,000 radls, what would be the phase angle +? (Hint: The
resistance of the inductor would be negligible.)

4. Consider the circuit that you measured with
the current from each of the three equations

$2. Calculate the value of

are their agreement.

