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Introduction

The aim of this assignment is to demonstrate and analyse the behaviour of both RC and RL series
circuits and analyse the circuits when DC is applied and removed from the circuits. The analysis will
be carried out by using both practical simulation and software simulation, i.e. Multi-Sim. To prove
the characteristics of the circuits | will use a variety of measurement instruments, which include;
Multimeters, Oscilloscope, Probes and Transient analysis.

Exponential equations will also be used to allow us to predict and compare instantaneous and final
values from our circuits. | will then compare all values and aim to give reasons for any discrepancies
in my results table. Discrepancies can come from a variety of different sources, for example
tolerances of components and rounding errors.
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Task 1 —Transient Behaviour for the Charging of a Capacitor

Component Values
R1=5.6kQ

Supply Voltage = 2V
C1 =10000uf

These component values were chosen as it allowed a reasonable time constant, this is use to test for
voltage and current when performing the practical testing.

R1
A4
V3__ . . :S'GRQ‘ZZ . e '.
T ... ... ... ==10000pF
Figure 1

Time Constant

T=RxC

T = 5.6k x 10000pf

T =56 Seconds

Transient Period

Transient Period=5xT
Transient Period = 5 x 56
Transient Period = 280 Seconds

Current Max

Imax = s
"R
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Imax = id
" s.6kn

Imax =1.07mA
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The next step was to set up the circuit as shown above and obtained results for voltage and current
at set times. The circuit consists of a 6V power supply connected to the breadboard, which is
contains a 5.6kQ resistor in series with a 10000uF capacitor. Two multi-meters were also connected,
one in series to test for current and one in parallel to test for voltage. The results obtained are

shown below.

Practical Results

Charge

Time Ve Ic (mA)
20 1.89 0.723
40 3.08 0.521
60 3.90 0.370
80 4.54 0.262
100 495 0.190
120 5.28 0.136
140 5.47 0.099
160 5.62 0.072
180 5.73 0.052
200 5.81 0.039
220 5.86 0.029
240 5.90 0.022
260 5.83 0.017
280 5.95 0.013
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Graphs

The next stage, was 1o create graphs showing voltage and current to a base of time, using the results
obtained from the circuit above.

Charge - Voltage

Voltage (V)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Time (Seconds)

This graph shows voltage against time, and as you can see the voltage increases until it reaches the
max supply voltage, which is 6V. At 40 second’s the voltage is at 3V and is rapidly increasing. At 120
second’s the voltage is just above 5V and the voltage is starting to plateau. At 240 second’s the
voltage is very close to max supply voltage at 6V, and now the voltage has levelled out. 0 seconds to
280 seconds shows the circuit in its transient state, past 280 seconds the circuit is in steady state, as
it has passed its transient period, as 5T has been reached.

Charge - Current

Current (1)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Time (Seconds)

This graph shows current against time, and the graph shows a curve from 0.9mA to OmA. At 40
seconds, the current is rapidly decreasing and is at 0.5ma. At 120 seconds, the current is starting to
level out and is at 0.15ma. Then at 220 seconds, the current is at 0.05ma, and the current is now
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slowly decreasing to 0.013ma. The circuit is in its transient state from 0 seconds to 280 seconds, and
past this the circuit is in steady state as 5T has been reached.

Transient Period
The maximum growth of the transient will be reached at 5 x T, this is calculated below.
Time Constant
T=RxC
T = 5.6k x 10000pf
T =56 Seconds
Transient Period
Transient Period=5xT
Transient Period =5 x 56
Transient Period = 280 Seconds

These calculations prove that at 280 seconds the voltage should be at is maximum, which is the 6V
supply voltage. The next stage was to demonstrate these calculations by using multi-sim, as shown
in the screenshot below.
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Calculations

60 Seconds

The next stage was to calculate our voltage and current values at 60 seconds, to compare with the

actual results,

Voltage
-t
Ve =Vs(1l—eT)

—60
Ve =6(1—¢e56)

Ve =3.94V

Next, the circuit was stimulated on multi-sim and results were gathered from the graph, to compare

all sources of results. On multi-sim the voltage at 60 seconds is at 3.948V.

Assignment 1 - Task 1

- - Transient
7
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[T Cursor n
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vi 3.9481
x2 0.0000 |
y2 0.0000
dx -60.0000
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dy/dx 65.8020m
1/dx -16.666Tm
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Current
-t
Ic = Imax (eT)

-60
Ic = 1.07x1072 (e56 )

lc = 0.366mA

The current at 60 seconds on multi-sim is 367.13pA.

18/09/2017
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140 Seconds

Voltage

-t
Ve =Vs(1—eT)

=140

Ve =6(1—e 56 )

Ve =550V

18/09/2017

Next, readings were taken at 140 seconds on multi-sim, where the voltage was 5.5097V

Assignment 1 - Task 1

Transient
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Current
-t
Ic = Imax (eT)
=140
Ie =1.07x1072 (¢756 )
Ic = 0.088mA
At 140 seconds the current on the multi-sim circuit is at 87.861pA.
Transients - Wk 2 P2
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220 Seconds

Voltage

-t
Ve =Vs(1—eT)

=220
Ve =6(1—e756 )

Ve =5.88V

18/09/2017

At 220 seconds on multi-sim the circuit is coming to the end of its transient state, and the voltage is

at 5.883V.
Assignment 1 - Task 1
Transient
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=t
Ic = Imax (eT)

—220
Ic =1.07x1073 (756 )

Ic = 0.021mA

18/09/2017

Current is also coming towards the end of its transient period and the current at 220 seconds is at

21.01pA.
Transients - Wk 2 P2
Transient
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Comparison of Results
Voltage
Time (Sec) Practical Calculations Multi-Sim
60 39V 3.94Vv 394V
140 547V 5.50V 550V
220 5.86V 5.88V 588V
Current
Time (Sec) Practical Calculations Multi-Sim
60 0.370 mA 0.366 mA 0.367 mA
140 0.099 mA 0.088 mA 0.086 mA
220 0.029 mA 0.021 mA 0.021 mA

To conclude, the results were all very similar. However, you would expect some slight differencesin
the practical assessment as you must take in to account the tolerances of the resistor and capacitor.
There could also be some small errors down to rounding errors.
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Transient Behaviour for the Discharging of a Capacitor

18/09/2017

This task contains the same circuit as in task 1, however for this the transient behaviour in being
monitored for the discharging of the capacitor.

{,‘ S

?.\0 .....

Vi ey - space
"hovevy |
_+280s560s | - -

Once the circuit becomes fully charged, the circuit was allowed to discharge and then took current
and voltage readings every 20 seconds, until both voltage and current reached zero theoretically,

and recorded the results in the table below.

Discharge
Time Ve (V) Ic (A)
20 4,13 -0.728
40 2.92 -0.513
60 2.08 -0.365
80 1.42 -0.260
100 1.05 -0.183
120 0.74 -0.130
140 0.54 -0.094
160 0.38 -0.067
180 0.28 -0.048
200 0.20 -0.035
220 0.15 -0.026
240 0.11 -0.019
260 0.08 -0.014
280 0.06 -0.010
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The results show the voltage discharging rapidly from 4.13V to 0.06V. The current immediately goes
to negative Imax after this switch change, this is because the current is flowing in the opposite
direction.

Current and Voltage Graphs

Using these results, the following current and voltage against time graph was plotted for the
discharge conditions.

Discharge - Voltage against Time

Voltage (V)

0 20 40 60 80 100 120 140 1e0 180 200 220 240 260 280
Time (Seconds)

This graph shows the voltage steadily discharging from 6V down to 0V. At 40 seconds, you can see
the voltage is decreasing rapidly and is at 3V. Then at 120 seconds, the voltage drops further to 0.5V.
Then at 220 seconds the voltage starts to come close to OV and the circuit is almost fully discharged.
The circuit is in transient state up until 280 seconds, where it reaches steady state.

Discharge - Current against Time

20 40 60 80 100 120 140 0 220 240 260 280
-0.1

-0.2
-0.3

-0.4

Current (A)

-0.5

0.6

-0.7

-0.8
Time (Seconds)




Ethan Howells Digital Electronic Components 18/09/2017

This graph shows the discharge current, as it increases from -0.728A to -0.01A. At 40 seconds the
current is steadily increasing and is at 0.5A. Then at 120 seconds, the current is almost at its peak at -
0.1A. The current at 220 seconds is almost at is maximum at -0.02 as the circuit is nearly fully
discharged. The circuit is in transient state up until 280 seconds, where it reaches steady state.

Calculations and Comparison

The next stage was to take 3 random times and calculate the voltage and current at these times,
using exponential equations. Then the times were compared to the multi-sim software.

340 Seconds
Voltage
-t
Ve =Vs(eT)
-60
Ve =6(ese)
Ve = 2.05V
Readings were then taken at 340 seconds on the multi-sim software.
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Current

-t
Ic = Imax (eT)

=60
Ic = —1.07mA (e’58)

lc = —366.50uA4

18/09/2017
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—140
Ve =6(e 56 )
Ve = 49251 mV

Readings were then taken at 420 seconds on the multi-sim software

File Edit View Graph Trace Cursor Legend Tools Help
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—=140

Ic = —1.07mA (755 )
Ic = —87.83 uA
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=t

Ve =Vs(eT)
-220

Ve =6(e 56
Ve =118 mV

Readings were then taken at 500 seconds on the multi-sim software

File Edit View Graph Trace Cursor Legend Tools Help
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—-220

Ic = -1.07mA (e 56 )
Ic = —21.05 pA
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Time (Sec) Practical Calculations Multi-Sim
340 208V 205V 204V
420 540 mV 492,51 mV 485.5 mV
500 150 mV 118 mV 116 mV

Current

Time (Sec) Practical Calculations Multi-Sim
340 -365.00 pA -366.50 pA -364.48 pA
420 -94.00 pA -87.83 pA -86.71 pA
500 -26.00 A -21.05 pA -20.73 A

18/09/2017

To conclude, the results were all very similar. However, you would expect some slight differences in
the practical assessment as you must take in to account the tolerances of the resistor and capacitor.

There could also be some small errors down to rounding errors.

Task 3

Transient Behaviour for a more Complex Circuit
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The aim of this task is to investigate the behaviour of transients in more complex RC circuit. The
circuit consists of two resistors in parallel and a capacitor, as well as a 12v power source. The
instantaneous values were also calculated and compared with results from multi-sim.

vz |
A2V —
T
ii

Resistance

First, the total resistance of the resistors in parallel needed to be calculated;

Sum

_ 47,000 x 56,000
47,000 + 56,000

Rt =

. Product

Rt = 25,553.39806 O

Rt = 25.6 kQ)

The next stage was to stimulate the circuit using multi-sim, to show charge and discharge conditions.
To be able to do this the supply needed to be changed to a pulse supply, to allow both conditions to

be seen.
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3 §2

\ 2 R1

o AN
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Key = Space
V2 5 c1
*\ov 12v 10pF
Y 3s Bs

R2
56k0

i

An oscilloscope was then connected to the circuit above to show the transient graph, which shows
several charge and discharge cycles.
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Time Constant

pg. 25

Time Constant = Rt x C
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Time Constant = 25.6 kQ x 10x107¢

Time Constant = 0.256 Seconds

Transient Period

Transient Period =5 X T

Transient Period =5 x 0.256

Transient Period = 1.28 Seconds

Comparing Transient Period

Multi-Sim

Calculation

Time 1.275 Seconds

1.28 Seconds

The screenshot below proves that the transient period is accurate, as the cursor on the screen has
been placed on the graph where steady state has been reached (5T). It also proves that the
resistance used to calculate the time constant, is in fact a parallel combination of R1 and R2.

Assignment 1 - Task 3

Transient
- W
300p
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__ 200y -
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= 1500 -
o
S 100y -
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Op £ e
-50p |
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Time (s)
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}E[c}— Cursor n
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ral 1.2825
vl 1.3784n
%2 0.0000
y2 0.0000
dx -1.2825
V. dy -1.3784n
dy/dx 1.0748n
Initial Current 1/dx -779.7468m

The initial current of the circuit should be high as the capacitor essential acts as a short circuit. The

. v o - .
current is equal to R—i because the capacitor is short circuit and therefore bypassed. This means that

18/09/2017
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current goes through R1 only and to ground through the capacitor. R1 is the only resistor used as
current will find the shortest path to ground.

Initial Value (I) = =

nitial Value (I) = &

. 12
Initial Value (I) = 47,000

Initial Value (I) = 255.32 uA

The next stage was to find the initial current on the multi-sim software and compared the results
with my calculations.

Assignment 1 - Task 3
_ - Transient .
350p
250) -
< 2004
£ 15014
% 100
4
P Q 50[.1 4 ““‘-—-...n_ﬁ______ )
op e
-100
02 00 02 04 06 08 10 12 14 16
Time (s) | Curso |
Eucn . I(C1) ]
.xl 2.94912m ¢
vl 252 .39%94n
xZ2
w2
dx
ay
Comparing Initial Current ff‘:;ix
Calculations Multi-Sim
Initial Current 255.32 puA 252.399 pA

Final Current

For the final current the capacitor is fully charged after the transient period (1.28 seconds). Once the
capacitor is fully charged, it becomes open circuit and forces the current through R1 and R2.
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Vs
R1 + R2

12
47,000 + 56,000

Final Value (I) = 116.50 uA

Final Value (I) =

Final Value (I) =

The next stage was to find the final current on the multi-sim software and compared the results with
the calculations.

Assignmeni 1-Task 3

Transient
140
120y 4 e

100y 4 / \\
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Cursor n
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Comparing Final Current

Calculations Multi-Sim
Final Current 116.50 pA 115.739 pA

Vmax
Vmax = Vout

Vout can be found as the voltage across R2.

g. 28
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Vi = i xV
maxX = iRz

56000 o
47000 + 56000

Vmax = 6.524V

Vmax = 12

Next, you can stimulate the Vmax on the Multi-sim software

apher Vien a

File Edit View Graph Trace Cursor Legend Tools Help
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Transient Behaviour for the Inductive Circuit

.S3.

1
2he
ov.. = R
e S S SN s

The next stage was to stimulate the current growth on multi-sim for the first one second, after the
voltage source has been applied.
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vl 0.00090
x2 1.0000
v2 198.6560m
dx 1.0000
dy 198.6560m
dy/dx 198.6560m

1/dx 1.0000
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Time Constant

) L
Time Constant (T) = R

2
Time Constant (T) = 10

Time Constant (T) = 0.2 Seconds

Transient Period
Transient Period = 5 x T
Transient Period = 5 x 0.2 Seconds

Transient Period = 1 Seconds

/ B Vs
max = R

P B 2

max = 10

Imax = 0.24

Calculate IL at 0.2 Seconds
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il
IL=Imax(1—e1")
—=10
IL=02(1-e72 %%
IL =126.42mA
Design1
Transient
v -
250m
200m 7_,&_,———'_‘_6_—__6-7 —r
< 150m e
= s
g 100m //
5
r(_) 50m
Om &
-50m ] i ‘
0.0 0.2 04 06 0.8 1.0
Time (s)
_Ursor
I(L1)
x1 0.0000
vl 0.0000
x2 200.0000m
vz 126.4035m
dx 200.0000m
dy 126.4035m
dy/dx 632.0176m
1/dx 5.0000

Calculate IL at 0.4 Seconds
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Calculate IL at 0.6 Seconds
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i
IL=Imax(1—e1")
-10
IL=02(1-e2 Y
IL =172.93mA
Design1
Transient
- A4
250m
200m - . —
___,_.4,——"_'-_—6—_—_6_
" 150m - e
=
@ 100m
5
’(_) 50m
om ¢
-50m . . i i
0.0 02 0.4 06 0.8 1.0
Time (s)
Ur I
I(L1)
x1 0.0000
vl 0.0000
x2 400.0000m
y2 172.9470m
dx 400,0000m
dy 172.9470m
dy/dx 432.3674m
1/d= 2.5000
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i
IL=Imax(1—e1")
-10
IL=02(1-e2 "%
IL =190.04 mA
Design1
Transient
-
250m
200m I —
= 150m -
=
@ 100m
5
'O 50m -
om &*
'Som T T T T 1
0.0 02 04 06 08 1.0
Time (s)
mn
Cursor
I(L1)
x1 0.0000
vi 0.0000
x2 600.0000m
v2 190.054%m
dx 600.0000m
dy 190.0545m
dy/dx 316.7581m
1/dx 1.6667

Calculate IL at 0.8 Seconds
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250m

200m -

= 150m -

A

—

Current

Om

-50m

100m -

50m -

x1
vl
=2
v2

dy
dy/dx
1/dx

I(L1)

0.0000
0.0000
800.0000m
196.3432m
£00.0000m
196.3432m
245.4290m
1.2500

Calculate IL at 1.0 Seconds
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-r
IL = Imax(1—eT")
-10
IL=02(1-e2z "%
IL = 196.34mA
Design1
Transient
w hd
/_P—-‘_——_—a— .
0.0 02 04 06 08 10
Time (s)
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il
IL=Imax(1—e1")
=10,
IL=02(1—-€e2 ")
IL = 198.65 mA
Design1
Transient
v -
250m
200m ——ay
2 150m
]
ql__, 100m
5
PO s0m
Om &
-50m
0o 02 04 06 08 10
Time (s)
I(L1)
Ix1 D.0000
vl 0.0000
%2 1.0000
v2 198.6560m
dx 1.0000
dy 198.6560m
dy/dx 198.6560m
1/dx 1.0000
Comparison Table
Time Calculations Multi-Sim
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0.2 Seconds 126.42 mA 126.404 mA
0.4 Seconds 172.93 mA 172.947 mA
0.6 Seconds 190.04 mA 190.055 mA
0.8 Seconds 196.34 mA 196.343 mA
1.0 Seconds 198.65 mA 198.656 mA

As can be seen from the comparison table above, the simulated values and calculated values are
almost identical. There could be small errors which could result from rounding errors.

Comparing Graphs

Calculations
Charging Current - Calculations
250
200
=y
E 150
£
o
= 100
3
o
50
0
0 0.2 0.4 0.6 0.8 i i
Time (Seconds)
Multi-Sim
Design1
Transient
b4 )
250m
200m - ’4—_‘__/_&___‘?_ 4 —auty
= 150m - e
g -
5 100m - //
5
)3 som /
Om +°
-50m | . , ’ T
0o 02 04 08 08 10
Time (s)
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The graph below shows the current flowing immediately before the switch is changed over. You can
see that current is it at its maximum before the switched is changed over.

Grapher Vie
File Edit View Graph Trace Cursor Legend Tools Help

BRvxerEEEaA. AQQlRAVA (AL (s DR =

Trammt] Trammt] Transient Transient |
Design1
Transient
- -
250m
200m
o 150m 1
=
5 100m 4
5
O som
Om
-50m
0 1 2 3 4 5
Time (s)
"ZI(LI)
—Ursor
I(L1)
x1 1.0000
vl 198.7744m
x2 5.0000
y2 198.7796m
dx 4,0000
dy 5.1782n
dy/dx 1.2945p
1/dx 250.0000m
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V.

Determine the time that elapses when the current flowing in the circuit has fallen to 100ma

-k
IL = Imax (e %)

fL -R

e L

Imax

(H. )*_Rt
"\Imax) = L

L ( IL )_ _1t
" \Imax)~ T

T(Ln) (%) = —t

t=T(n) (L)

r

Imax
£ =02 (Ln) (100 mA)
=02 (Ln
0.2
t= -0.139
Design1
Transient
. W b
250m
200m -
= 150m -\\
=
% 100m - \K'\
% 50 I
m A T
T .
H
Om -
-50m . . T T
10 12 14 16 18 20
Time (s)
I(L1)
%1 1.1373
v1 100.0000m
%2 2.0000
v2 1.3330m | #x axis must -1 as graph starts at 1*
dx 862.6529m
dy -98.6670m
dy/dx -114.3762m
1/dx 1.1592
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Determine the time that elapses when the current flowing in the circuit has fallen to 100ma

=R,
IL = Imax (e’ L)

L _ A
Imax
IL -R
kn (Imax - Tt
1L —1
i (lmax) - ?t

T(Ln) (%) - ¢

t =T(Ln) (%)

=02 ) (1274)
= 0.2 (Ln) 02
t= —0.599
Design1
Transient
1 4 -
250m

Om H_—_‘ = i —
-50m
1.0 12 14 16 18 20
Time (s)
I
)2 (L
I L or
I(L1)
x1 1.5975
vl 10.0000m
x2 2.0000  *Xaxis must -1 as graph starts at 1*
v2 1.3330m
dx 402.5282m
dy -8.6670m
dy/d=x -21.5314m

1/dx 2.4843 CondUSIOH
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To conclude, the assignment shows a good analysis into RC and RL series circuits, a variety of
mathematical formulas were used to calculated results and results were also derived from the multi-
sim software and the practical tasks. All results were compared, and reasoning was given for any
discrepancies in my results.

The practical task was successful as the results obtained were very accurate to our predicted values,
which were obtained from our calculations. However, the results could have been more accurate by
ensuring the readings were taken at the exact time, this could be done by taking a picture of the
multi-meter every 20 seconds, this then allows you to see what the readings were at that time.

Reference List

Annexes
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