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Introduction

Throughout this assignment |aillb.conduct investigations into the behaviour of R-L and R-C
transient circuits though Multisimulations, practical construction and testing and through
theoretical calculations. The results gathered will be discussed and comparisons will be given
between the three different methods of calculation, and suitable conclusions will be drawn.

During the assignment | will also manipulate relevant formulae in order to solve engineering
problems, in addition to correctly annotating MultiSim simulations and extracting the required
data using an array of engineering principles. Furthermore, | will extract readings from the
practical circuits and contrast the relevant data with the two other % ds.




Task 1 - Transient Behaviour for the Charging of a Capacitor

InTask 1, we vestigate the current and voltage readings at randomly chosen time values
during the charging state of a capacitor. We will use calculated theoretical values, values

derived from MultiSim simulations and values taken from a practical and later compare these

values.
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Figure 1 - Task 1 circuit for the Charging of a Capacitor

Suitable practical values of R and C should be chosen in order to provide the best overall
results and to allow the values to be easily comparable. Additionally, if suitable values are
derived then an appropriate value for the time constant can be calculated. The time constant

(tau) is the product of the resistance of the circuit and the capacitance of the circuit.
T = RC [seconds]

The time constant is the time taken to charge the capacitor from 0V to 63.2% of the applied

voltage or to discharge the capacitor 36.8% of its charge vol{age
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Practical

Figure 2 - Practical for the Charging of a Capacitor

In Figure 2, the left Multimeter shows the current value and the right Multimeter shows the
voltage value during the charging state of the capacitor. After reading off the current values,
we converted them into mA for ease of rounding and it allows for better quality graphs to be
produced later. We took these voltage and current readings until steady state conditions were
reached at around 300 seconds. See Figure 27 in the appendices for the table showing the

voltage and current at each time point.
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Figure 3 - This line graph shows the growth of the voltage over a 300 second time
period while the capacitor is charging




Charge - Current vs Time
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Figure 4 - This line graph shows the decay of the current over a 300 second time

period while the capacitor is charging

Figures 3 and 4 are the graphs produced from the data collected from the practical where
current and voltage values were recorded at each time value until steady state conditions were

reached while the capacitor was charging.




Calculations

In this section, the current and voltage was calculated at each randomly chosen time value

while the capacitor would be charging.
Tau (time constant) = RC

Tau = (5.6x103) x (10000x10"-6) = 565
5Tau =5 x 56 = 280s

Imax = V/R =5/(5.6x1073) = 892.857uA

My randomly chosen time values are 46s, 135s and 190s.

46s —

Ve = Vmax(1-e*-t/'tau)

Ve = 5(1-eM-46/56) = 2.8V

| = Imax(e*-t/tau)
| = 892.857 x 10*-6(e"-46/56)

I =3.927 x 10"-4 A= 0.393mA

135s —
Ve = Vmax(1-e*-t/'tau)

Ve = 5(1-e"-135/56) = 4.551V

I = Imax (e*-ttau)
| = 892.857 x 10"-6(e"-135/56)

I =8.013 x 10-5 A = 0.08013mA




190s —
Ve = Vmax (1-e"-tftau)

Ve = 5(1-e"-190/56) = 4.832V

I = Imax (e-ttau)
| = 892.857 x 10*-6(e*-190/56)

[ =3.001 x10"-5 A = 0.03mA




MultiSim Simulations

After recreating the circuit in MultiSim | then simulated the circuit plotting current and voltage
to a base of time. | would then set the x values to 46 seconds, 135 seconds, and 190 seconds,

adding data labels at each point. This allows for easier comparison of values later on,

compared to practical values and the theoretically calculated values.

g1 ) (190.0000, 48330}

(46,0000, 2 7990)

w

-

Voltage (V)

Figure 5 - This is a graph taken from a Multisim simulation showing the
voltage at my randomly chosen time values while the capacitor is charging

0.6m | (46,0000, 393.0401y1)

(135.0000, 79.83374)

S

————i .

0.2m 4 (190.0000, 29.8238y)

0.0m @
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-0.2m -

-0.6m -

Figure 6 - This is a graph taken from a Multisim simulation showing the current
at my randomly chosen time values while the capacitor is charging
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Comparison of Results

Time (s) Practical Calculated Simulated
46 3.3V 0.44mA 2.8V 0.393mA 2.799V 0.393mA
135 5.51V 0.095mA 4.551V 0.08013mA 4.5529V 0.079mA
190 5.87V 0.04mA 4.832V 0.03mA  4.833V 0.029mA

Figure 7 - Compatrison table showing all the results while the capacitor is charging

Figure 7 shows that the calculated and the simulated values geeall very similar at each time
point for both voltage and current and the very slight differences an be put down to rounding.
The values gathered from the practical are slightly further off the other two sets of results and
this can be caused by things like the resistance in the wires and the tolerance of the resistor,

neither of which are taken into consideration with the other sets of results.
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Task 2 — Transient Behaviour for the Discharging of a Capacitor

In Task 2, we will investigate the current and voltage readings at randomly chosen time values
during the discharging state of a capacitor. We will use calculated theoretical values, values

derived from MultiSim simulations and values taken from a practical and later compare these

values.
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Figure 8 - Task 2 circuit for the discharging of a capacitor
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Practical

Figure 9 - Practical for the discharging of a capacitor

In Figure 9, the left Multimeter shows the current value and the right Multimeter shows the
voltage value during the discharging state of the capacitor. We took these voltage and current
readings until steady state conditions were reached at around 300 seconds. See Figure 28 in

the appendices for the table showing the voltage and current at each time point.
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Discharge - Voltage vs Time
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Figure 10 - This line graph shows the decay of the voltage over a 300 second time period

while the capacitor is discharging
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Figure 11 - This line graph shows the growth of the current over a 300 second time period

while the capacitor is discharging

Figures 10 and 11 are the graphs produced from the data collected from the practical where
current and voltage values were recorded at each time value until steady state conditions were

reached while the capacitor was discharging.
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Calculations

In this section, the current and voltage was calculated at each randomly chosen time value

while the capacitor would be discharging.

72s —

Ve =V x e(A-t/tau)

=5xe ("-72/56) = 1.382V

| = -Imax x e(*-t/tau)

=-892.857 x 10"-6 x e ("-72/56)

=-0.247TmA

121s —

Ve =V x e(Mt/tau)

=5xe("121/56) = 0.576V

I = -Imax x e("-t/tau)
=-892.857 x 10*-6 x e (*-121/56)

=-0.103mA

210s —
Ve =V x e(A-t/tau)

=5xe (*-210/56) = 0.118V

| = -Imax x e(*t/tau)
=-892.857 x 10"-6 x e ("-210/56)

=-0.021mA
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MultiSim Simulations

After discharging the capacitor on the circuit in MultiSim | then simulated the circuit plotting
current and voltage to a base of time. | would then set the x values to 352 (72 seconds), 401
(121 seconds), and 490 (210 seconds), adding data labels at each point. | set the x values to
these numbers because the circuit didn’t start to discharge until after 280 sefSEF
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Figure 12 - This a graph taken from a Multisim simulation showing
the voltage at my randomly chosen time values while the capacitor

is discharging
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Figure 13 - This is a graph taken from a Multisim simulation showing the current at my

randomly chosen time values while the capacitor is discharging

17




Comparison of Results

Time (s) Practical Calculated Simulated

72 (352) 1.69V -0.28mA 1.382V -0.247mA 1.3702V -0.245mA
121 (401) 0.73V-0.12mA  0.576V -0.103mA  0.571V -0.102mA
210 (490) 0.16V -0.02mA 0.118V -0.021TmA 0.116V -0.021mA

Figure 14 - Comparison table showing all the results while the capacitor is discharging

Figure 14 shows that the calculated and the simulated values are almost perfectly alike at
each time point for both voltage and current just like for the charging values. These extremely
minor differences can again be put down to rounding. The values gathered from the
discharging practical are much closer than with the charging experiment. The majority of the
values are very similar to the calculated and simulated values with only two integers slightly
more different from the other data sets. These differences could again be reasoned towards
the resistance of the wires and the tolerance of the resistor.
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Task 3 — Transient Behaviour for a more Complex Circuit

In task 3, we are provided with a more complex circuit. The total resistance should be

calculated alongside a new voltage in order to determine the time constant. The circuit will

then be simulated in MultiSim where the current will be recorded while the capacitor is both

charging and discharging. These values will later be contrasted to calculated current values.

v2
12V

Figure 15 - Task 3 original circuit
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Equivalent Circuit

New resistance — (47,000 ohm x 56,000 ohm) / (47,000 + 56,000)
= 25,553.4 ohm
New voltage — 56,000 / (56,000 + 47,000) x 12
= 6.5V
Time constant (tau) — 25,553.4 x 10x107-6 = 0.225 seconds

5 tau = 1.275 seconds

$1
R1
—AAy
25553.4Q
R
Key = Space c1
e =—=10pF

Figure 16 - Task 3 Equivalent Circuit
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MultiSim Simulation

task 3 circuit
Transient

{37A0000m, 57.7658)

116530, -57.54854)

Current (A)
e
\

05 0 4 2 25
Time (s}

Figure 17 - Task 3 MultiSim graph showing the currents at the time for constant while the

capacitor is both charging and discharging

After recreating the equivalent circuit in MultiSim | simulated the circuit, plotting current to a
base of time for the charge and discharge conditions. | set the x values to 0.378 seconds and
1.653 seconds. 0. o the first time constant while 1.653 is the first time constant added on

to 5tau which is where the capacitor begins to discharge.
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Calculations

Imax = V/R
Imax = 6.5/25,553.4 = 0.00025437A
=0.254mA

0.254mA x 0.378 = +/- 96.012uA for charge and discharge

Comparison of Results

Time (s) Calculated Simulated
charging 0.378 96.012uA 57.7658uA
discharging 0.378 (1.653) '-96.012uA "-57.5485uA

Figure 18 - Comparison table for the currents while the capacitor is charging and discharging

In Figure 18 you can see that for both the charging and discharging conditions the calculated
and simulated values are considerably contrasting from each other. The calculated charging
values being much larger than the simulated integer while the simulated discharging value is

approximately 40uA larger than the calculated integer.
510

Initial and Final Current

Initial current = new V/ new R
=6.5/25,553.4 = 0.254mA
Final current = Imax (e”(-T/tau))

= 0.254mA (e * (-2.55/0.225)) = 3.0397nA
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Task 4 - Transient Behaviour for the Inductive Circuit

In task 4, we will capture the current growth in the inductive circuit for the first five time
constants on MultiSim and then manually plot calculated current values to compare against
the MultiSim simulation. We will then calculate how much time elapses prior to the current
dropping to 400mA and 200mA and compare these values with the graphs.

s1 ”
—o o- AN
0.5H
—O
R1
v1
—12v §‘°°
—
=

Figure 19 - Task 4 inductive circuit
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MultiSim Simulation

task 4 circuit

= Transient
= (1250000, 796,3096m)___(196.2500m, 745.0224m)____
(92.7500m, T129141m) i = 1
G0M | ) S000m, B4BBSEHm] & \
| (an.2500m, 474.1526em)
A% S
z \
'3
B20m {
160m
oo :
om Slm 100 150m 200m 250m 00m
Time (s)
Figure 20 - MultiSim graph showing the growth of the current over the first 5 time constants
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Calculations

I=VIR
I =12/16 = 0.75A

Time constant (tau) = L/R
Time constant = 0.5/ 16 = 0.03125 seconds

5tau = 0.15625 seconds

Value of current at a given time - = J{ i

Value of current after 1 time constant =1=0.75 (1 — e*-(0.03125/0.03125))
=0.4740904191A
=474.09mA
Value of current after 2 time constants = 1= 0.75 (1-e* -(0.0625/0.03125))
= 0.6484985376A
= 648.49mA
Value of current after 3 time constants = 1 = 0.75 (1-e* -(0.09375/0.03125))
= 0.7126596987A
=712.66mA
Value of current after 4 time constants = 1 = 0.75 (1-e* -(0.125/0.03125))
=0.7362632708A
=736.26mA
Value of current after 5 time constants = 1 = 0.75 (1-e* -(0.15625/0.03125))
= 0.7449465398A
=744 95mA
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Manually Plotted Graph

Current vs Time
800
700
600
500

400

Current (mA)

300
200

100

0 0.02 0.04 0.06 0.08 01 0.12 0.14 0.16 0.18

Time (s)

Figure 21 - Line graph showing the calculated current growth against a base of time
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Comparison of Results

Time (s)
0.03125 (1 tau)
0.0625 (2 tau)
0.09375 (3 tau)

0.125 (4 tau)
0.15625 (5 tau)

Simulation
47415 mA
648.86 mA
712.91 mA
736.39 mA
745.02 mA

Calculated
474.09 mA
648.49 mA
712.66 mA
736.26 mA
744.95 mA

Figure 22 - Comparison table for the current values after the first 5 time constants for both

simulated and calculated methods

The theoretically calculated values are extremely similar to the simulated values with very

minor differences that could be put down to rounding.
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Discharging

Value of current in the circuit immediately before the switch is changed over -

—-,'] L @12

The switch would change over at 0.15625 seconds
Value of current at 0.15625 seconds = | = 0.75(1-e" -(0.15625/0.03125))

=0.7449465398A
=744.95mA

The circuit time constant is calculated using the formula - Time constant (tau) = IR
Time constant = 0.5/ 16 = 0.03125 seconds
Stau = 0.15625 seconds

For both my simulated graph and my manually plotted graph | will need to find approximately
36.the maximum current value which equates to the time constant (1 tau).

-

B00m

480m -

{14.2678m, 274.5108m)

Current (A)
\

320m

160m 4

om
Om 50m 100m

Figure 23 - MultiSim graph showing the approximate

time constant of the circuit
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Simulated Manually Plotted
0.01436 seconds 0.018 seconds

Figure 24 - Comparison table for the approximate time constants of both

graphs

Figure 24 shows the estimated time constants for both graphs yet regardless of these being

estimates they are drastically dissimilar from my calculated time constant value.

Time that has elapsed before the current flowing in the circuit has fallen by a given current

value —
T =tau (In i/lmax)
Time that has elapsed before the current flowing in the circuit has fallen to 400mA —

T =0.03125 (In 400x10"-3/744.95x10"-3) = -0.0194 seconds

Time that has elapsed before the current flowing in the circuit has fallen to 200mA —
T =0.03125 (In 200x10"-3/744.95x107-3) = -0.0411 seconds

The negative value means the circuit is discharging so 0.0194 seconds and 0.0411 seconds
after the circuit begins to disgharge at 0.15625 seconds.
’

task 4 circuit
Transient

-

B40m
-

(156,2500m, 7450224}
(175.8621m, 399.1079m)

£
L

Current (&)

{197 3180m, 195 5640m}

§

160m |

om |
O B 1000 150m 200m 250m 300m
Time (s)

Figure 25 - MultiSim graph showing approximately when the current falls to 400mA and
200mA
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Calculated Simulated
400mA  0.0194 seconds 0.0196 seconds
200mA  0.0411 seconds 0.0411 seconds

Figure 26 - Comparison table showing how long it took the current to
fall to 400mA and 200mA for both my calculated values and the

simulated values

Figure 26 shows that for both the calculated integers and the simulated integers the values
are almost identical. At 400mA the values are 0.0002 seconds apart which can be put down
to rounding and at 200mA both values are exactly identical.
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Task 5 — Discussion of Results, Conclusions and Recommendations
Discussion of Results

Intask 1, we investigated voltage and current readings during the charging state of a capacitor.
We used calculated theoretical values, manually plotted values from a practical test and values
from a MultiSim simulation. After collecting all the data, it was concluded that the simulated
and calculated values were almost identical with minor differences due to rounding, while the
practical values were very dissimilar from the other data sets. These differences could largely
be explained through the resistance in the wires and the tolerance of the resistor in addition
to human error in the recording of the values. The other two methods of calculation didn't

consider these factors.

Task 2, where the discharge state of the capacitor was investigated, was largely the same as
the previous task with the simulated and theoretical values being almost identical yet this time
however, the practical values were much more similar than for the charging state of the
capacitor. The majority of the practical results collected were extremely close to the values
from the other two methods, especially the later time values where the integers collected are
almost indistinguishable. Humr with the recording of the values could again be blamed

15
as to why the integers were sli y different.

However, for task 3 where currents values were calculated and simulated during the charging
and discharging of a capacitor in a more complex circuit, the results accumulated were
drastically different for both the charging and discharging state of the capacitor. For both states
of the capacitor the simulated and theoretical values were approximately 4Urt from
each other.

In task 4, we investigated the current growth in an inductive circuit for the first five time
constants on MultiSim and contrasted these values with manually plotted theoretical current
integers. We then computed how much time elapsed prior to the current dropping to 400mA
and 200mA again contrasting these values with the graphical values. The values collected
while measuring the current growth of the first 5 time constants are almost indistinguishable
to the calculated values with very minor differences that could be caused by rounding during
the calculations. Nonetheless, the simulated and manually plotted graphs provided dissimilar
values for the circuit time constants, bearing in mind these integers are estimates. Finally, for
the time elapsed for the current reading to fall to 400mA and then to 200mA, the time values

collected for calculated and simulated values are identical.
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Conclusions and Recommendations

In conclusion, | believe | have learnt a8 great deal during these investigations. | have become
greatly more comfortable in prod |$1-7 MultiSim simulations and manifest important data
points to contrast against calculated and practical integers. In addition, | have been exposed
to more transient equations in a practical setting and I've been tasked with employing the
correct equation at the correct opportunity in order to problem solve and produce reliable and
comparable results. | have also become far more accustomed to comparing appropriate data
and drawing conclusions from these comparisons to provide appropriate reasons for
contrasting integers. All these things | have leamt during these investigations have provided
me with a greater background knowledge in DC and LC transients and producing and
simulating circuits in MultiSim, in addition to broadcasting these results and findings in this

technical report.

If | was to repeat these investigations, | would conduct pragticals for task 3 and task 4 to gather
a third data set to enhance the comparisons for the fi tasks. This would allow us to
establish which data sets are the most reliable and having a third set of results to compare
would allow for more in-depth conclusions to be drawn, alongside making these investigations
more insightful into transients as practicals bring more real-life factors into play to use during
comparisons. | would also introduce the final part of task 4, where the time it took for the
current to fall to a chosen value was calculated and measured, to the other three tasks. | think
this is an interesting measure and it would be very intriguing to see how the other two RC

circuits would contrast to the LC circuit of task 4.
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Appendices

Charge
Time (s) .|VOItage V) Current (mA)

10 1.04 0.84

20 1.89 0.7

30 2:55 0.59

40 3.13 0.49

50 3.61 0.41

60 4.08 0.35

70 434 0.29

80 462 0.24

90 4.86 0.21
100 5.05 0.17
110 B2 0.15
120 B35 0.12
130 547 0.1
140 5.56 0.09
150 5.65 0.07
160 B2 0.06
170 577 0.05
180 5.82 0.04
190 5.87 0.04
200 59 0.03
210 5.93 0.03
220 5.95 0.02
230 5.98 0.02
240 5.99 0.02
250 6.01 0.01
260 6.02 0.01
270 6.03 0.01
280 6.04 0.01
290 6.05 0.01
300 6.06 0.01

Figure 27 - Table showing the voltage and current values at

every time point while the capacitor is charging
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Discharge

|T|me (s) .|V0Itage V) Current (mA)

10 507 -0.84

20 424 07

30 3.56 -0.59

40 298 -0.49

50 248 -0.41

60 2.1 -0.34

70 1.76 -0.29

80 1.48 -0.24

90 1.24 0.2
100 1.04 -0.17
110 0.87 -0.14
120 0.74 -0.12
130 0.62 -0.1
140 0.53 -0.08
150 0.44 -0.07
160 0.37 -0.06
170 0.31 -0.05
180 0.26 -0.04
190 0.22 -0.03
200 0.19 -0.03
210 0.16 -0.02
220 0.14 -0.02
230 0.12 -0.02
240 0.1 -0.01
250 0.08 -0.01
260 0.07 -0.01
270 0.06 -0.01
280 0.05 0
290 0.04 0
300 0.04 0

Figure 28 - Table showing the voltage and current values at every
time point while the capacitor is discharging
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