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Experimental setup

Sine wave e g~ _
voltage . Windows PC

generator Picc_)scope USB running PicoScope
(688.2Hz oscilloscope software

currently)

Resistor
(about 380Q)

{

ks -

' 1.0H

\  inductor

AT . = -\
A - Voltage across signal generator
B — Voltage across terminals of capacitor

0.1uF
, capacitor
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Inductor _
| Capacitor

V ‘driving’ AC Resistor
input

‘ V =V, cos wt B

Amplitude ratio VCNO L=1,C=0.07uF, R = 380Q2

0 500 1000 1500 2000
frequency /Hz

An LCR circuit is a single current
loop which consists of an Inductor
(essentially a colil of wire), a
Capacitor (plates to store charge
separated by an insulator) and a
fixed resistor.

If an AC source drives current
through the circuit, resonant
effects can be observed.

Around the resonant frequency

2
¢ :A/i /1_&¢/L
mx 27\ LC LC “V\LC

the voltage response across
the capacitor will have a greater
amplitude than the driving voltage.

The phase of V_ will also vary
with driving frequency.



Set timebase

Oy PicoScope 6 / = X
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Useful diagnostic measurements
" time/ms - (add via this button)

Channel |Narr|e |\||'al.|e |M'n |Max |Avuage |u |Capl|.l'eCcu'|t |Span
Peak To Peak 2107 V 2107V 2151V 2NV 9827 mV |20 Whole trace

A Pezak To Peak | 1893 V 1803V 191V 1902 v 91474 mV |20 ‘Whole trace
A Frequency - --- - ‘Whaole trace

N
Running 0 | Trigger |Auto ﬂ!| A |.\$\| 3824 mV [ | 50% B = Measurements | Rulers Motes
'\/

Set Trigger to be Auto, on source A (i.e. signal generator)

Screenshot from PicoScope



Experimental procedure

Once Picoscope has been set up and both traces visible clearly, sweep the
frequency over an appropriate range and then take screenshots (ctrl+alt+print
screen) and paste into IrfanView. Save a PNG bitmap image file with a filename
which records the current frequency. e.g. 123p4 Hz.png means ‘“100.1 HZ'.

A screenshot every 100Hz might be a sensible first move for L = 1.0H and

C = 0.07uF, since 1
f ® 34 /— ~ 601.5Hz
LC

l

.... Then more screenshots around the resonance peak might

be a good idea (i.e. every 20Hz instead of 100Hz) We need to
measure
L. resistance R to fit a
The resonance frequency is fairly weakly dependent upon model curve.

resistance, but the peak amplitude will change significantly

with the value chosen. .
Use a multimeter

to achieve this.

The goal of the experiment is to plot V, amplitude and phase

vs frequency for a variety of capacitances, so setting the
resistor so that the resonance is ‘sharp enough to observe, but
perhaps not too sharp to measure’ is the key idea.

Turn the resistor knob and observe the effect near resonance.
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For phase measurements, drag a box in IrfanView between trough and peak
of the V, trace. Record number of pixels for 180° of phase (look in the title bar).

Then work out pixel difference between corresponding peaks or troughs
of V, and V, traces. Divide both numbers by each other and multiply by 180° x

—

A | | 2] 500 syain[v] | [ x 1 B[ 2001 ks E|||qq 320 32 @”{qu@\e\ |(w\| l)l(._"(')
EA’Q.DZZV 2| o 5 oc 7|4 5 |

690 pixels

T 321 pixels A&M

| — 32130

1-307

—~== $ =180° x =3.7°

690

w307 pixels 7 |

-2.5 =20 -1.5 -1.0 0.5 0.0 05 1.0 15 20 25

|Na'ne |\H.|e |Ni1 |M.ax |.A\n!age |u |Cm-e(ou1: |Spm
Peak To Peak 2107 V 2107V (2151 v (2110 9827 mV 20 Whole trace
A Peak To Peak 1823 v [1803V |18V |190dV T4 mV |20 Whole trace
A Frequency ’ 20 ‘Whole trace
Running @Q | Trigger | Auto ﬂ!| A I |\$\| 3824 mV (3 | 50°% B = Measurements [ B| Rulers [= Notes [

For amplitude measurements, simply halve the ‘Peak-to Peak’ values for each trace



Data from Excel sheet overlaid upon a model curve. Computations and graphics
production done via a MATLAB program lcr.m

Amplitude ratio VC/V0 L=1,C=0.07uF, R =380Q
10

AN More data is needed in the
vicinity of the resonance
(i.e. in this case between
500Hz and 700Hz)

VY,

0 500 1000 1500 2000
frequency /Hz



Data from Excel sheet overlaid upon a model curve. Computations and graphics

production done via a MATLAB program lcr.m

180 | . - -
160+ |
140+ |
120+ Note it is harder to make |
o) an accurate phase
§ 100+ measurement! ]
B
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60+ |
AN More data is needed in the
40+ vicinity of the resonance |
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Phase difference /deg L =1, C =0.07uF, R = 380Q

frequency /Hz

2000



Blcr

% Function which loads V0 and VC amplitude and phase information vs
% frequency for the LCR experiment. Experimental data is overlaid upon

% theoretical predictions.
% LAST UPDATED by Andy French May 2017
function lcr

$Define capacitance /F
C = 0.07*1e-6;

%Define inductance /H
L =1.0;

%$Define resistance /Chms
R = 380;

tMax frequency for model
fmax = 2000;

tNumber of data points for model
N = 1000;:

$Fontsize for graphs
fsize = 18;

2
]

%Load Excel data file
[filename, pathname, filterindex] = ...

uigetfile({'*.xlsx';"'*.xls'}, 'Choose Excel file');
if filename==

return
else

[num, txt, raw] = xlsread([pathname, filename]) ;

end
%Assign columns of data

$Frequency in Hz
fdata = num(:,1);

$V0 amplitude /volts
V0 = num(:,2);

3VC amplitude /volts
VC = num(:,3):

%Phase difference between VC and V0 /degrees
phase deg = num(:,4);

ol®
ol@

MATLAB code 1lcr.m

$LCR model
f = linspace (0, fmax,N);

w = 2*pi*f;
72C = 1./ (1i*w*C) ; l.e. complex impedance

ZL = li*w*L; / potential divider idea
IR = R;
VC by VO = ZC./(ZC+ZL+ZR);

$Plot model amplitude and overlay with experimental data
plot( £, abs(VC by V0),'b',fdata,VC./V0, 'r+' ):

xlabel ('frequency /Hz', 'fontsize',fsize);

ylabel ('V C/V 0','fontsize',fsize);

title(['Amplitude ratio V. C/V 0 L = '",numZ2str(L,2),', C=",...
numZ2str (C*le6,2), "\mu','F, R = ', num2str(R,4), "\Omega'], ...
'fontsize', fsize)

grid on

box on

set (gca, 'fontsize', fsize)

print (gcf, 'amplitude ratio.png','-dpng', '-r300");

clf;

%Plot model phase and overlay with experimental data

plot( £, —-(180/pi)*angle(VC by VO0), 'b',fdata,phase deqg, 'r+’
xlabel ('frequency /Hz', 'fontsize',fsize);

ylabel ('phase /deg', 'fontsize',fsize):;

title(['Phase difference /deg L = ',numZ2str(L,2),', C = ",...
numZstr (C*1le6,2), '\mu','F, R = ',num2str(R,4), '\Omega'], ...
'fontsize', faize)

grid on

box on

set (gca, 'fontsize',fsize)
print (gecf, 'phase.png', '-dpng', '-x300");
close (gcf) :

%$End of code



Steady state solution to the LCR circuit Let current | flow through the circuit. The net

Inductor |

apacitor
‘driving’ AC
Vv @ input

V =V, cos wt

Resistor §

B

=

Steady state solution to SHM equation

d2x dx

—+2 — 4+ WX = A, sin wt
a2 Vgt wpx = Asinw
X = A

sin (ot —¢)

\/<co§ —° )2 +4y° w*

¢=tan1£ szzj
w0y — @

EMF V - V| must equal the sum of the potential
drops across each electrical component.

Sum of

potential —> V _|_V =V V < EMF - ‘back EMF’ due
differences to induction in the coil

1 Vy=IR
—jldt < Q=CV
dQ |
V_Ld—l | = - - CV = jldt
dt

IR+—det:Vocoswt—L3—l

2
Rd—I L+Ld—2|:—a)\/osina)t
dt C dt
2
(;t2|+%31+fclz wvosina)t
R a1 oV
7=l T e ML



Steady state solution to the LCR circuit ..

.. cont

d’l Rdl I -V, .
—+t——+ = SIn wt
— — dt Ldt LC L
R 2 1 —a)V
|—L o e MDD
| Inductor .
pacitor .
| —aV,/L
‘driving’ AC . | = : sin(wt — ¢
@ ingtljltng ReS|stor§ \/( 1 ij (RC jz 2 ( )
— =0 |+ | ©
‘ V =V, cos wt S LC LC
RCw
=tan™*
JT— ¢ [1 LCa)Zj
w=2rf
Steady state solution to SHM equation when wzafa)g—Z;/Z foa 1
d*x dx 7 PN\ LC
—+2]/—+C()OX A()Slna)t 1 1 _ RC —RC
dt dt max 7\ LC LC 4 .
. L —
X = A°2 sin (ot —¢) (RC)’ C= 1771
oo i O
2
¢: tanl( 227/@ Zj fmax = fO\/1_472'2(fOT) \ 4r (fo’l')z <1
Wy — @




Using dimensionless variables ...

d2l Rdl I -aV,

— =+ = sin wt
dt Ldt LC L
R 2 1 —a)VO
=— , [0)) =—, =
IEoL P T e ML
1
T N
0 2 LC
f
Z=—
fO
| =N _ Z”WLC_—zzfcv —277f,CV,
L}
k=R R“LC_R\F Rc,/ =27 f,RC
Ly, L
—27erCV

| = a)—

\/(1 Z ) +k22

kz
=tan™
=%

d2x dx
—+2 2L w*Xx = A sin ot
a2 Vg T %

2
X, i; =2 k=
Wy Wy Wy
X = 0 sin (ot —¢)

Note f,CV,

IS the average current

when the maximum amount

of charge stored in the capacitor
IS discharged over one complete
period at frequency f,



Magnitude of current |
f0 =7117.6254 Hz, fmax = 6366.1977 Hz, RC = 1e-005s, alpha = 0.071176

x10'3 L=005H, C=1e-008 F, R =1000 ohms
5 l [ [ [
w
g_ P 2 ..... ZfCV .................................................................................................. f ............................
J— 72' _
g | l=———"=sin(at-4§) ' |
o 3 \//(1_22) +k222 _________________________________ ________________________________ ___________________
gL A o SN kK=2zfRC ]
"E 5 : : : 1 :
= 25 N N S S - S SR
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Complex impedance

il

Let current | flow through the circuit. The net
EMF V -V must equal the sum of the potential
drops across each electrical component.

sumof VR —|—VC =V VL& EMF — ‘back EMF’ due

potential to induction in the coll
| Inductor _ " VR = IR
Capacitor —| 1 Q cv
e V. = —j ldt < <~
driving’ AC . C
\ @ input Res'3t0r§ Cdl | :‘2—? CV = [ ldt
‘ V=vee 1=l 1] V=L
1 - I
L IR+—_[Idt:V0e""‘—Ld—
IR+ j|dt+ LRRVINZ jEE———————STSF
dt 2=2,+Z5+2Z, Z =iol Zo=r
L@ R+ -1 yipl |-V e I {90L 1
1wC : V Inductor 11
. | | = Z Capacitor
Z=R+——+ioL | ‘ o
1wC i @ iggnltng AC Resistor §
v =1z[en® i e Za=R
arg(2) ' Impedances o
¢ =arg Ohm’s Law, i for L,C,R
2V =1Z] <7 generalized for AC | components L



V., 1

] out _
Inductor 472-2 02
| Resistor

1

Vi,

V. @ e Z. :& — Vi, 27zxfor+|(x 1)
Vo
V.,

V :Voe“"t Capacitor 1
DX+ (x* —1)

VOUt — ZC — Magnitude of Capamtorv t/VIn
V - Z + Z + Z f,=7117.6254Hz, f_  =6366.1977 Hz, RC = 1e 005s, alpha = 0.071176
. L= 0.05 H, C=1e-008 F, R = 1000 ohms
in L C R 25 . ‘ ‘ ‘ .
1 |
- ©
Vout _ 100C g
" R4i| wl-——- - S R R -
a)C 0 2000 4000 6000 8000 10000 12000 14000
Frequency /Hz
Vout — 1
V 2 Phase of current |
. iRCw—(w’LC-1 § 2 . \ | .
2 '
f 1 z
<)
x=— fo=2\Ta
f, LC 8
o
[ :
W H
pu— pu— (W] _ 1 1 1 | 1 | |
T RC 24 f T & 20 2000 4000 6000 8000 10000 12000 14000

Frequency /Hz



