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In this lab oratory exp erimen t, w e studied and LCR series circuit and the a�ects

di�eren t parameters had on it. W e w ere able to observ e this through the use of an

oscilloscop e. W e also observ ed that the LCR in the lab di�ered from the LCR dia-

gram in the lab handout. The adjustable parameters w ere the PW G, b oth frequency

and w a v e form, as w ell as an adjustable resistor. The adjustmen ts on the PW G w ere

more for our o wn observ ations and familiarization with the equipmen t, while the

resistor w as the main v ariable to b e measured. W e measured the resistor m ultiple

times since it is the main v ariable and will b e helpful information for determining

error propagation and uncertain t y . The PW G w as set to rectangular w a v e form and

40.0 Hertz for the main p ortion of the exp erimen t. W e to ok data directly from the

oscilloscop e to a computer with allo w ed a greater amoun t of data to b e tak en, th us

allo wing a more thorough study of the data and the e�ects of the resistance on an

LCR series circuit.

I. INTR ODUCTION

This exp erimen ts primary goal w as to

view the v arious parameters whic h a�ect the

oscillations and damping of a series LCR cir-

cuit and compare those v alues found exp eri-

men tally with the theory . There w ere a few

v ariables that w e w ere able to adjust, al-

though w e w ere only concerned with one. W e

w ere able to adjust the Pulse-W a v e Genera-

tor (PW G) to create v arious w a v e forms; si-

n usoidal, triangular, square and rectangular

pulses. W e also adjusted the w a v e form bac k

to rectangular, since that is what w e w ere

going to b e testing with in this lab oratory ,

then w e pro ceeded to adjust the frequency to

observ e ho w the frequency adjusted the os-

cillations. Finally w e set the frequency to

40.0 Hertz and pro ceeded with the actual

test parameter whic h w as to v ary the resis-

tance of the circuit and observ e ho w it af-

fects the oscillations and damping of the cir-

cuit. W e w ere able to observ e under-damp ed,

critically-damp ers and o v er-damp ed condi-

tions. W e also observ ed oscillation frequency ,

residual circuit resistance (without the ad-



2

justable resistor), and the qualit y factor (Q)

of the resonance. Also in this lab oratory al-

most all the data w as gathered directly b y a

computer, th us allo wing a signi�can tly higher

amoun t of data p oin ts allo wing for a more

thorough data analysis.
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I I I. THE EXPERIMENT

Standard practice is to �rst familiarize

ourselv es with the equipmen t to b e used in

eac h exp erimen t. W e b egan b y observing the

LCR series circuit and found it to b e sligh tly

di�eren t than our diagram in the lab oratory

handout. Figure 1 rev eals the circuit from

the handout, Figure 2 is the actual circuit

diagram, and Figure 3 is a picture of the ac-

tual circuit. After ha ving studied this cir-

cuit w e pro ceeded to measure the resistance

of the Rs ten times, whic h w as in series with

the PW G. W e then pro ceeded to measure

the resistance of the adjustable resistor (R)

at 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and

100 , measuring eac h ten times. The m ulti-

ple resistor measuremen ts w ere later used to

calculate error propagation and uncertain t y .

Ha ving fully studied the circuitry w e mo v ed

on to the PW G and turned it on. W e also

turned on the Oscilloscop e in order to ob-

serv e the a�ect of the v arious parameters of

the PW G on the oscillations and the w a v e
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FIG. 1: GIVE ME A CAPTION!

from. W e adjusted the oscilloscop e so that

the w a v e form from the LCR w as in c han-

nel one and the input from the PW G w as

on c hannel t w o. W e then adjusted the scale

of the c hannels so that the t w o inputs w ere

aligned and could b e fully observ ed and mea-

sured. The initial PW G settings w ere 40.0

Hertz, and rectangular w a v e form. This ap-

p eared as a pulse with rectangular form on

the oscilloscop e. The LCR input, with R set

to 0, w as a deca ying w a v e with a break when

the pulse stopp ed. W e then pro ceeded to ad-

just the w a v e form and the frequency to view

the v arious a�ects they had on the w a v e form.

This can b e seen in Figure 4, whic h sho ws the

oscilloscop e, PW G and m ulti-meter. The si-

n usoidal and triangular w a v e forms ga v e no

input form the oscilloscop e, while the square

w a v e form ga v e prett y m uc h the same input

as the rectangular. When the frequency w as

adjusted it increased or shortened the dura-

tion of the pulse. Ha ving observ ed the a�ects

of the v arious parameters and reset the PW G

to rectangular w a v e form and 40.0 Hertz, w e

pro ceeded to measure v arious data. With the

oscilloscop e w e could measure the v alues one

at a time, whic h is what w e did the �rst da y of

exp erimen tation. Ho w ev er the second da y w e

pro ceeded to tak e data directly from the os-

cilloscop e to a computer whic h allo w ed thou-

sands of data p oin ts to b e tak en in a v ery

brief p erio d of time. The only v alue w e v ar-

ied b et w een data w as R, whic h w e set to 0,

10, 20, 30, 40, 50, 60, 70, 72, 74, 76, 78, 80,

82, 84, 86, 88, 90, and 100 . W e decreased

to only a 2 adjustmen t from 70-90 b ecause

w e w ere nearing critical damping and w an ted

to ha v e an accurate v alue for critical damp-

ing, so it could b e compared to the theoretical

data. Ha ving completed this data acquisition

w e pro ceeded to sh ut the equipmen t o� and

reset R to 0 .

IV. RESUL TS AND DISCUSSION

Before the results can b e discussed, a brief

discussion/deriv ation of the theory is needed.

The di�eren tial equation for the c harge on a

capacitor for a circuit with an inductor, ca-

pacitor, and a resistor in series is.

L

d

2

q

dt

2

+ R

dq

dt

+

q

C

= 0 (1)

Where L is the inductance, R is the resis-

tance, and C is the capacitance. This di�er-



4

en tial equation is the exact analogue of the

equation for a driv en damp ed oscillator. So,

the solution to eqn. 1 is

v ( t ) = v

0

e

� 
 t= 2

sin ! t + � (2)

Where v is the v oltage and it is related to the

c harge b y q ( t ) = C v ( t ). Also 
 is the damp-

ing constan t (equal to R =L ), and ! is the

angular frequency of the oscillations (equal

to

p

!

2

0

� 


2

= 4). The b eha vior of this equa-

tion dep ends on 
 : if 
 is 0, then the ex-

p onen tial part go es to 1 and only the sin u-

soidal is left. If 
 equals !

2

0

=

p

2 then the

angular frequency go es to zero and the equa-

tion b ecomes purely exp onen tial deca y . If 


gets ev en larger, then the frequency b ecomes

complex and the graph b ecomes an exp onen-

tial that deca ys slo w er. These three cases are

called under damping, critical damping, and

o v er damping resp ectiv ely .

This is the particular solution, but, in gen-

eral, the v oltage of the p o w er source is the

term on the righ t side, not 0. Ho w ev er, in this

case, the p o w er source had a constan t v olt-

age, so the solution w ould just b e v ( t ) + C

where v ( t ) is de�ned in eqn. 2, and C is a

constan t.

W e to ok v oltage v ersus time measure-

men ts of an LCR circuit with v ariable re-

sistance using a digital oscilloscop e. W e

recorded a w a v e pro�le for the LCR circuit

at 20 di�eren t resistances including whic h in-

cluded under damping, critical damping, and

o v er damping. The under damping case is

seen along with the theoretical �t in �g 2. As

can b e seen from the �gure, there is still some

deca y b ecause the resistance of our circuit

nev er actually go es to zero. Using a 4 p oin t

measuremen t, w e determined that the lo w-

est resistance of the circuit w as 4 : 1
 whic h

w ould corresp ond to a damping constan t of

433 : 86hz.

FIG. 2: GIVE ME A CAPTION!

Fig. 3 sho ws the o v er damping case along

with the critical damping case �t. The graph

falls a w a y exp onen tially as predicted, and the

critical damping case falls a w a y quic k er than

the o v erdamping. It w as somewhat di�cult

to determine exactly when there is critical

damping b ecause it could b e a sligh t under

damping or a sligh t o v er damping. As close

as w e could tell, critical damping o ccurs when

R = 92
 whic h corresp onds closely to the
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theory whic h predicts R = 96
.

FIG. 3: GIVE ME A CAPTION!

Instead of sho wing the t w en t y di�eren t

w a v eforms that w ere recorded. A more com-

pact w a y to lo ok at the collected data is using

a surface plot of R and t vs V. This surface

plot can b e seen in 4. This surface plot clearly

sho ws ho w the sin usoidal b eha vior dies do wn

as R increases, and then, after critical damp-

ing has b een reac hed, ho w the exp onen tial

deca y b ecomes slo w er and slo w er.

V. CONCLUSIONS

In this lab w e learned the v alue of t w o

things. One w as that w e need to nev er tak e

for gran ted that the lab oratory handouts ma y

ha v e errors in them, suc h as the diagram of

the LCR circuit b eing o�. So learned that

w e need to b e observ an t of the actual appara-

tus and not just assume the diagrams in the

FIG. 4: GIVE ME A CAPTION!

handouts are correct. The second thing w e

learned w as the v alue of taking data directly

to a computer. W e w ere able to literally tak e

thousands of data p oin ts in a matter of min-

utes. Not only w ere w e able to gain a m uc h

higher n um b er of data v alues, but also w e

w ere able to eliminate some error, since there

w ould b e less of a c hance of reading errors b y

us. So the t w o things that can b e applied to

future exp erimen ts is that w e should study

all apparatuses to ensure w e kno w what is

happ ening and that when p ossible use a com-

puter to tak e data directly in order to get a

greater n um b er of data and elimate reading

error.


