Class 7: Capacitors and RC Circuits

PSet 4: Capacitors and RC circuits

In this week’s lab, we will start to use capacitors and learn about their wonders.

Goal: To observe how capacitors respond to direct current (DC) voltage inputs and an alternating current (AC)
voltage square wave input.

ogh
VY Learning objectives
e Recognize that a capacitor stores charge;

e Graph the voltage change across and current through a capacitor as it charges;

e Use Wavegen to produce a square-wave AC signal of a specific frequency and amplitude;
e Compare the measured V(t) with the theoretical capacitor response;

e C(Calculate the approximate time constant, T, of an RC circuit;

e Plot the voltage drop across a capacitor with changes in the square-wave input frequency
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Class 7: Capacitors and RC Circuits

1. Meet the capacitor

Build the circuit below, using a wire L

This squiggly line is a long-ish
loose wire that you’ll use to
switch to 0 Volts.

(100 KQ) R
\/OWI
Make sure the AD shares (10 pF) C
the same Ground as your
circuit & computer.
Set up the AD so that it uses Chanel 1 to measure the AV across the capacitor.
Where should the and probes connect?

Add @ scope P> RUN. Use the tips in the graph below to find your signal.

W WaveForms (new workspace)
Weicome = Helo |iESEoRRAI@ |

File Control View Window

B single : g o! 1 & condition:

< Add Channel
Channel 1
Offset: ov

Range: 500 mV/div

Channel 2
ov

500 mV/div-

Discovery2 SN:210321A36179 Status: OK
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Class 7: Capacitors and RC Circuits

Prepare to monitor what happens over time when you switch from 5V to 0V input:

Set Mode: Screen, Change the Time>Base: 1 s/div, Time>Position: 4s

File Control View Window

Position: 4s i

Base: 1 s/div i

S -
——

changes the position of 0s
to the left edge < Add Channel _

Range: TV |

Channel 2

My Project
2018-12-07 07:19:22.388

By hand, quickly move the wire at +5V to ground. Watch the voltage across the capacitor change with time. We
call this behavior “discharging.” E Record your observations on the PSet worksheet (page 8)

What is physically happening during the dis- charging?

O

Now, you will record the change in AV, during charging. If your capacitor has fully discharged, should
indicate Vou=0.

Disconnect the input wire from Ground.

When the cursor scope gets to 0 s, plug the Vi, wire to the +5 V rail of your breadboard. Stop it when it gets to 9
s and save this plot. g

2. Plot & analyze

The plot of V(t) is theorized to adhere to V(t) = V(o) - (1 — e~t/7) (p. 35, text*). In this section, you will use
the Scope tools to determine the value of V(o) and 1. Then you’ll plot the measured V(t) with the analytical
(i.e., theoretical) V(t).

*in the text, V(eo)=1 and t=1.

tlim V(t) = V(o). We don’t have t=c<, but we have a large enough t that Vo= V(eo)

How can you tell if t(time) is large enough that V(t)>V(eo)?

s
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Class 7: Capacitors and RC Circuits

(%) Scope 1
File Control View Window

N Single P> scan Mode: Screen &l Aute |2 Source: Channel 1 || Condition: _f Rising 2l Level: 20 mV |~ ] iy

v EETTEM ¢ | c2 | 8000 samples at 8OO Hz | 2018-12-06 16:30:20.953 5 ©lv=
crasa8v | ad631v A/X: 587.8 Viks IR,

. Position: 4s i
Use the vertical tools to get e
the approximate V() + AddCramel |8
¥ Channel
Offf:t: HGV |~ ]
Range: 1 V/div |~ ]
2. Move cursor until A= V() Channel 2
1. Click at apparent “t=0"
X2:7.933s AX:7.877s 1/4X: 126.943699732 mHz

Now we need to use the same tool to find the value of T. In this case, the t=0 starts at X1~59 ms, V(o0)=4.63
V. We can determine T from V() = 4.63V - (1 — e~t/7).

NG

Use the vertical tool to determine 1 from your data.

Rising " oV -] i Left click on the tool,

8 Time With the cursor, point to and left click (and release) on the apparent
:::':m f;{dw 5 V(t=0)=0 position. This is the point at which V;,=+5V.
1 min/div
30 s/div . .
 Aag Lo Move the cursor to the right until the Channel 1+ value (C1), A = V(t=1).
@C"""“e‘ At this point, AX = 1.
Offset: 600 ms/div
200 ms/div
Range: 100 ms/div
60 ms/div
¥ Channel 2

Record your measured values of V(eo) and t on the PSet worksheet (p. 8).

12

Plot and compare the measured and theoretical V(t) for the charging capacitor.

J‘\ For a quick guide on using MatLab for these plots, see isim.olin.edu, Class 6.
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Class 7: Capacitors and RC Circuits

Your theoretical charging curve is likely to fit well to the experimental data.

/ 1 Here is a tiny, unreadable graph to illustrate that the

“wxn

theory “*”, fits to the blue line of measured data.

As a reminder, here is the circuit before you began charging the capacitor:

il \

“Jivern Selo ' % TLLEv S
S Y etw’e | Sy
= Vo chavging -—_l':' ' > Vo chavging
&__JIO,..: i___"_l'w,.c

. o av
From our text, we know that the equation for the current through the capacitor is Icap(t) =C o where V

is the voltage drop across the capacitor. In our case, V = V,,,, — 0V =V,

5 As always, the units of measure are important. 1 Amp = 1 Farad Volt/second

%}\ What is the equation for current through the resistor, Iresistor?

On the same graph, plot the currents through the resistor and capacitor. Use Vi, eqsured (t) for the resistor
and Vipeory (t) for the capacitor.

™

Please return the 10 uF capacitors to their proper bins.
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Class 7: Capacitors and RC Circuits

3. Apply an ACinput

Now we are going to see how capacitors respond to AC inputs. Build the circuit below and connect the AD.

wi t
_ — Ch1l
Use Wavegen 1 as the V_input

| k

Use Scope to monitor V_input;

3 +
Use Scope Ch2 to monitor the V p—— Ch1
, dropped across the capacitor. _'::_ 0.l MF
—l_, The Discovery and circuit should _ ~
A—
share a ground. A 4 Ch I; C"\ by
ﬁ Figure 1: Simple RC circuit for part 2 of the lab.

You should have nothing from the Analog Discovery connected to the 5 Volt power rail on your breadboard.

You can use groups of header pins

- for mechanical stability and to
connect multiple probes to the same
point in a circuit.

PECIRED vlﬂ

Yl ¢% 3 Symmetry or “duty cycle”

Use Wa\regen =.l [‘: o 1V

"\
to create the desired Vi, and then P> Run + T __,‘g

(?ema» =T $TCONDS /oyel b

FREQUENCY = -_;‘_-= 500 CYLLES/sEe.
= So0 H%
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Class 7: Capacitors and RC Circuits

@ scope P Run. You should see the voltage response of several cycles. If not, let’s troubleshoot:

If the signal is scrolling by on the screen, you can fix the data to the t=0 point by specifying

Trigger conditions: What data source? What condition of the data? What voltage level of the condition?

0 Scope 1
File Control View Window
N Single P> Scan  Mode: Screen K Auto d Source: Channel 1 o Condition: §1 Either £ Level: ov 4 1§
B Time 3
Position: 0Os [
Base: 1 s/div [~ |

You can also click-and drag on these triangles to set

the x=y=0 position on the screen. ——’——\

+*

=~ Add Channel -
< @ channel 1

The yellow triangle represents the “trigger” condition Offset: OV -
for Channel 1. Range: 500 mV/div |

You can click and drag this triangle to set the trigger. e

-3s 3s

Manual Trigger Discovery2 SN:210321A36179 Status: OK &

Are the Voltage signals off screen?

”‘é\\?

4

< Add Channel H
Channel 1
Offset: ov H

W@?suu mv/div [ Arrow-Stepping

{Left-click here and
wse A (or'¥) arrow g
(keys until the si_:_;nald

Let’s call this

This process will help you in trouble-shooting

appears F=
Time §
Position: |0s [~ ]
Can you see the waveform? — 1 ms/div [~ |

4
If not, you can arrow-step to stretch/compress the Time Base: |

”‘éﬁ“
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Class 7: Capacitors and RC Circuits

Comment in the worksheet on the ways the capacitor response to frequency changes is similar to or different
from the response you got from Part I.

4. Record the frequency response

You’ll need to work with both Scope and Wavegen:

[ ] O ¥ WaveForms (new workspace)
1 Welcome - Help [ Windows | /d[z
© s> Click here to tile both windows

i File Control View Window

H Single 0 Stop | Mode: Repeated [ Auto |5 Source: Channel 1 [ Condition: fﬁisinsd Level: 1somv g |

Trig'd mm 8192 samples at 800 kHz | 2018-12-08 09:42:49.238 B Y=
Time
Position: 0s |~
Base: 1 ms/div ‘
v

< Add Channel i

] Channel 1 3
Offset: ov ‘
Range: 500 mV/div |5
Channel 2 3
Offset: ov | V]

Range: 500 mV/div ‘

Q Wavegen 1
File Control Edit Window

0 Stop All Channels d No synchronization d
O @ Channel 1
@ stop Enable Simple o] i

Type: . Square Bs Running

Frequency: 500 Hz i

Amplitude: 500 mV i

Offset: 500 mV | ]

Symmetry: 50 % i

Phase: 0° [~

Manual Trigger Discovery2 SN:210321A36179 Status: OK w

In the Wavegen, left-click in the Frequency: box.

:"“: 5;;82"“ S % Use A arrow key to step up to 1.5 kHz (“Arrow-stepping”) and notice what happens.
requency: H:
Amplitude: 600 mV

|~ ]
B

Offset: 500 mv @ Now, try adjusting the frequency up and down using “Arrow-stepping” to observe what
B

wpmhg Lk happens to the output signal as frequency increases.
Phase: 0°

[ <

The behavior you observe should be the similar as in Figure 3.9 of the book.
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Class 7: Capacitors and RC Circuits

In @ Scope

[x]
File Control RYETE Window

- Add Zoom

BPlsingle g xy g
FFT
Spectrogram
Histogram
Persistence
Data

+ Measurements

Logging

Audio

X Cursors

Y Cursors

Digital

o Add - Edit

Defined Measurement
Custom Channel
Custom Global

, View>Measurements, Add Defined Measurement, Channel 2>Vertical> Peak2Peak.

Channell

i=jehow o Channel2

Now adjust the V_in frequency using “Arrow-stepping”, from 100 Hz to 200 kHz.

drop over the capacitor in the PSet worksheet (Column 1, table, p. 11).

5. Change the conditions & observe

Now change the input signal to be a square wave with 1 V amplitude, centered at OV (PSet Worksheet table,

\'f 2 Via

frequencies.

2-%\ table, Column 3.

6. Submit PSet

Deliverables:

For this assignment, you turn in the worksheet and the plots you were requested to make. Create plots with

¥ Vertical
Maximum
Minimum
Average
High
Low
Middle
Amplitude
AC RMS
DC RMS
Overshoot
RiseOversh...
FallOvershoot
» Horizontal

CLON Add

Notice and record the voltage

Column 2, p. 11). Record the voltage drop over the capacitor at the different

Now change the reference for the capacitor from Ground to 2.5 V.

Repeat the sweep of frequencies and record the values in the PSet Worksheet

clear axis labels with units. The plot should be well labeled. This is not a lab report, so just the plots.
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Class 7: Capacitors and RC Circuits

PSet 3 Worksheet
1. Meet the capacitor

Sketch what you observed of Vou(t) upon moving the Vi, = +5V— 0V. In this rough sketch, label the axes,
and the V(t=0s) and V(t=9s) second values.

The theoretical discharging curve for an RC circuit is V(t) = V(0) - e~*/R¢. How did your observed
V(t) deviate from this idealized exponential decay and why?

2. Plot and Analyze

V(M)measured = Volts approximate Tmeasured = sec

Compute RC for your circuit, RC = sec.

Theoretically, RC=t. Compare the RC for your circuit to the experimental t

Include the following plots for the charging capacitor:

1. V(t) for the charging capacitor with V(t)teory,
2. I(t) for the resistor with I(t) for the capacitor

Comment on plot 2:
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Class 7: Capacitors and RC Circuits

3. Apply an AC Signal

Comment in the worksheet on the ways this response is similar to or different from the response you got

from Part |. Sketching and labeling a single cycle can help explain.

4. Change frequency & 5. Response

Conditions:

-1to 1V

Vin =
-1to 1V

Vi freq
(Hz)

over capacitor

(volts)

100

200

500

1k

2k

5k

10k

20k

50 k

100 k

200 k

Class6

This RC circuit is considered a filter for the input signal.
Would you call it a high-(frequency)pass or a low-
(frequency)pass filter?

What trends do you notice in the AV of the capacitor
as the frequency is increased?

How does changing Vi, affect the trend of AV(freq)?

How does the reference voltage (OV or 2.5V) affect
fll_{rolo Vout?

How the V,,,, (the mean input voltage) affect the
lim V,,+?
f—>oo out
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