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Introduction

The aims of this project are to investigate the behaviour of R-C and R-L circuits when they
are connected up to a direct current voltage source. This will be done by testing through
practical construction and testing, through simulation and theoretical prediction, these will all
be compared to get the best results for the test.

The results will be discussed and analysed. Relevant conclusions will be drawn by
comparing the results. | need to show an understanding of fundamental scientific principles
that are used to produce solutions to engineering problems. | need to show the ghility to use
and collect data and apply it to scientific principles. | will use practical circuits, tassiieadings
and plot these results in graphs. | will make a simulation of the circuit and annotate and
interpret the information.
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Task 1 (Transient Behaviour for the Charging of a Capacitor)
The circuit below is used to show the Transient Behaviour for the Charging of a Capacitor

. s1 .
° R1
- Key = Space
— 5V
Figure 1

Practical method

| used a practical design of the circuit above (figure 1) to measure voltage and current until
steady state conditions are reached with a charging capacitor. Every 5s the current and
voltage was measured and recorded until | reached 300s. To make the practical circuit |
used a bread board, 5.6k resistor, 10000uF capacitor, wires and 2 multimeters.

The practical Circuit:

Figure 1 Multimeters
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The Graph below (figure 2) is a Current over Time graph for the charging of a capacitor
made from my practical circuit. The current was taken after every 5s from 0-300s:

Current(A)

1.2

0.8

0.6

Current (A)

0.4

0.2

Time (s)

Figure 2 current task 1

The longer the time goes on the lower the current gets, this is easily seen on the graph
above (figure 2)

The graph below (figure 3) shoes how the voltage changes through time on a charging of a
capacitor

Voltage(v)

Figure 3 Voltage task 1

The graph above (figure 3) shows that the voltage increases through time when charging a
capacitor.
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Simulated Method

Through using “multisim” and by using the circuit in figure 1 | made a simulation that shows
voltage over time, this can be seen below on figure 4.

[—— i a
e v B T e i T
SA9xyE HOUS AR LIBERY A . L =L )

Liesel D4 SGEE400D-Assignment
Transiant

(180.0000, 4.7995)
]
I'l (120.0000, 4.4140)
E (60.0000, 3.2867)

Vataga (v)

150
Tirme (5]
2

Figure 4 Simulations voltage task 1

The simulation shows that as time goes on the voltage goes up.

My simulation for current over time can be seen below:

Bl Ve x Coner Lged oo b

o - 3
ERICEL LI =T REE T LY T IR -1

Assignment 1 Circuit 1 (1)
Transient

(180.0000, -35.8580})
(120.0000, -104.6369)

(60.0000, -305.9525}1)

Temes (5]

Figure 5 Current simulation task 1

As time goes on the current goes
=113
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Mathematical Method

Calculations:

Note: These calculations below are used for the charging and discharging of a capacitor
calculation:

7=RC
7=(5.6x10%)x(10000x10~%)=56s
57=56s x 5 = 280s

5

v
IMAX = R 56x10%

=892.857 A

Chosen Numw ) harging of a capacitor:

60s, 120s, 180s

60s:

t
Ve = Vmax(e =)
60
=5(1—e"56)
= 3.28V

t
| = Imax (e )

a0
I =892.857x107¢ (e 56)

I =305.820u4

120s:

t
Ve = Vmax(e =)

120
=5(1—e756)
= 441V

t
I = Imax (e 7)

| = 892.857x106 (¢ 5¢)
[ =104.749uA
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_t
Ve = Vmax(e )

180
=5(1—e 56)

= 4799V
_t
[ =Imax (e 7)

180

1 =892.857x107° (" 3¢)

1 =35878ud

Note: Calculations were made with 5V supply and so was the simulated, the practical was
done with 6V and this will affect the measured values compared to the calculated values.

Comparing Results

Time (s Practical (uA) Simulation (uA) Calculated (pA)
60 350 305.9525 305.820

120 120 104.6369 104.749

180 40 35.8580 35.878

As seen in the comparison table the simulation and calculation method are very similar. The
practical however has a big difference to the simulation and the calculation, this is due to the
practical having an incorrect voltage input of 6V instead of 5V. My calculated and simulated

values are worst case around 0.1uA difference.
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Time (s Practical (V) Simulation (V) Calculated (V)
60 4 3.2867 3.28

120 5.35 4.4140 4.41

180 5.82 4.7995 4.799

As seen in the comparison table the simulation and calculation method are very similar. The
practical however has a big difference to the simulation and the calculation, this is due to the

practical having an incorrect voltage input of 6V instead of 5V. My calculated and simulated
values are worst case around 0.001V difference.

10
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Task 2 (Transient Behaviour for the Discharging of a Capacitor)

The circuit below is used to show the Transient Behaviour for the Discharging of a Capacitor:

—o /:>— R1 3
—AWA—

5.6k0Q

V2 Key = Space

“yov sy
(@’E)zsus 5605
c1

|
==10000pF
ap

Figure 6 Discharging circuit

| used a practical design of the circuit above (figure 6) to measure voltage and current until
steady state conditions are reached with a discharging capacitor. Every 5s the current and
voltage was measured and recorded until | reached 300s.

11
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Practical Method

AUTO POWER OFF

Figure 7 Multimeters task 2

The Graph below is a Current over Time graph for the discharging of a capacitor made from
my practical circuit. The current was taken after every 5s from 0-300s:

-0.5

Current(A)

-0.75

20

20
100
110
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140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300

Time(s)

Figure 8 Practical current task 2

The longer the time goes on the higher the current gets, this is easily seen on the graph
above (figure 8)

12
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The graph below (figure 9) shows how the voltage changes through time on a discharging of
a capacitor:

Voltage(V)

Time(s)

Figure 9 Voltage practical task 2

The graph above (figure 9) shows that the voltage decreases through time when charging a
capacitor.

13
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Simulated Method

Through using “multisim” and by using the circuit in figure 1 | made a simulation that shows
voltage over time, this can be seen below on figure 10.

Liesel 04 SGEE4000-Assignment

Transient
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Figure 10 simulation discharge

The simulation shows that as the capacitor starts to discharge and the time goes up, the
voltage goes down.
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Through using “multisim” and by using the circuit in figure 1 | made a simulation that shows
current over time, this can be seen below on figure 11.

Liesel 04 SGEE4000-Agsignment

Transient
14m
oém
(120.0000, 104.5788y)
| (470.0000, -28.6460p)
| (350.0000, -254.2437))
|

i | | | I

| | |

»

7 |
13 | -
LE s \ | L
! (180,0000, 35 6403) s X
(60.0000, 305.3389y)
(410,0000, -86.5813)
ki
14m B . . . .
w m m " L
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!

Figure 11 current simulation discharge
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Mathematical Method
Chosen Numbers for Discharging of a capacitor:

70s, 130s, 190s

70s:

L
Ve = Vmax(e =)

70
= 5(¢756)
= 1.4325V

t
I =Imax (e 1)

70
I =892.857x107¢ (e 75)

I = 255.807u4
130s:
_t
Ve = Vmax(e =)
130
=5(1—e 56)
= 0.49V

t
I = Imax (e 7)

| = 892.857x1076 (¢ 5¢)

1 =87.619uA

190s:

t
Ve = Vmax(e =)

190
= 5(3 56)
= 0.168V
_t
I =Imax (e 7)

| = 892.857x1076 (¢ 56)

I = 30uA

16
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Note: Calculations were made with 5V supply and so was the simulated, the practical was
done with 6V and this will affect the measured values compared to the calculated values.

Results comparison

Two tables will be created, one for the voltage and the other for the current. Both tables will
be comparing the practical, simulation and calculated values.

Time Practical (uA) Simulation (uA) Calculated (pA)
70 290 254 .2437 255.807

130 100 86.5913 87.619

190 30 29.6460 30

As seen in the comparison table the simulation and calculation method are very similar. The
practical however has a big difference to the simulation and the calculation, this is due to the
practical having an incorrect voltage input of 6V instead of 5V. My calculated and simulated

values are worst case around 1uA difference.

Time Practical (V) Simulation (V) Calculated (V)
70 1.76 1.4238 1.4325

130 0.62 0.484 0.49

190 0.23 0.166 0.168

As seen in the comparison table the simulation and calculation method are very similar. The
practical however has a big difference to the simulation and the calculation, this is due to the

practical having an incorrect voltage input of 6V instead of 5V. My calculated and simulated
values are worst case around 0.01V difference.

17
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Task 3 (Transient Behaviour for a more Complex Circuit)

Task 3 is an investigation on the behaviour of a capacitor in a complex circuit when
discharging and charging.

The circuit for task 3 can be seen below.

S1
.
5 R1
S 2% AN
47kQ
Key = Space
v : g P
=12V c1 R2

10pF
T

Figure 12 task 3 circuit

The time constant will be calculated by firstly working out the total resie of the
capacitor =6

18
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Simulation Method

The circuit has been made on multisim as seen in figure 12, the currents will be plotted to a
base of time for the discharging and the charging conditions, the time constant will be

estimated for discharge and the charge of the circuit. The time constant is of the
current. E17
My estimation calculations:

6.5243

IMax :m = 255.260uAd

(255.260 x 107¢) x 0.368 = 93.9356UA

Assignment task 3 circuit
Transient

(255.9950m, 93.93564)

Y
LY

(1.5321, -93.9356)

Time (s)

Charging current is positive, and the discharging current is negative.

Figure 13 task 3

19
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Mathematical Method
Calculations for total resistance of the circuit:
R2

r=mm Y

56 12 = 6.5243V
47+56  CT
. R1xR2
T R1+R2
47x56 _ 55 5594k
47 +56
Calculations for max current:
Vr 6.5243

Imax = = 255.260p4

Rt 25.5594x103

Calculations for tau (z), and how long it takes to get to steady state:

T =Rt xC = (25.5594 x 103)x(10x107%) = 255.594ms

5xt = (255.594x1073)x5 = 1.278s

Calculations for current at 1t:

-t
I =Imax (e7)

—255.594x103

I =255.260x107° (e 255594x ) =93.905u4

Current calculation won't change for discharging and charging. Discharging current is
negative and charging current is positive.

20
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Results comparison:

Results are in the table below:

Charging
Time constant Calculation Estimated
1T 93.905 pA 93.9356 pA
Discharging
Time constant Calculation Estimated
1t -93.905 pA -93.9356 A

From the comparison tables it's easy to see that the Simulation and calculation results are
similar for both discharging and charging circuits, the difference is only 0.0306pA.

Final current = IMax (ET) = 255.260 X 107° (

Initial current = Imax = 255.260uAd

=57

21
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Task 4 (Transient Behaviour for the Inductive Circuit)

Task 4 is to investigate transient behaviour for an inductive circuit as seen in figure 14, this is
a RL Circuit. To find the first 5-time constants of the circuit | will simulate it using multisim.
Calculations will be made to compare to the simulation, readings for the current before the
switch has been changed will be made and calculations of elapsed time will be made before

the current drops to the readings of 400mA and 200mA.

S1 1
o Iy SNV,
0.5H
—
V1 .
=gy Key = Space

-

Figure 14 task 4 circuit

22
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Mathematical Method

5-time constant calculations:

1 - L —0'5—3125

T—R—T—lﬁ— . ms

2 L 2 0 62.5

T—R— T—16— oms
L 0.5

1T= —=31=—=293.75ms
R 16

17 = L—4 —0'5—125

T—R— T—16— ms
L 0.5

1tT= —=57=— = 156.25ms
R 16

1 —V—A." —12—075A

m—R— m—16— .

—t —31.25x107%
I=Im (eT) =0.75 (1 — ¢ 31.25x10°73 )= 474.090mA

-t -62.5x10%
I=Im (BT) =0.75 (1 - 931.25x10‘3) = 648.499mA

-98.75x1 %

—t
I=Im (67) =075 (1 — e 31.25x1073 ) =712.660mA

—125%x1073

—t
I=Im (eT) =0.75 (1 - 931.25)&10’3) = 736.263mA

-156.25 3

—t
I=Im (eT) =0.75 (1 —e 31.25x1 3 )= 744.947mA

23




Cument (&)

04 SGEE4000 - Assignment

Simulation method

| have created a simulation using the circuit in figure 14. For the charging circuit | have plotted the
currents to base of time.

E00m

00m

400m \

It3‘\ .2500m, 473.8859m)

Assignment task 4 circuit
Transient

(93.7500m, 712.8006m)

(62.5000m, 648.6348m)

Tima (s)

(156,2500m, 744.9658m)

{125.0000m, 736.3136m)

Figure 15 task 4 simulation

Comparing results

Below is a table of my simulated and calculated currents for each time constant from 171 to 5t.

Current (mA) 1t 2T 3t 4t 5T
Calculated 474.090 648.499 712.660 736.263 744.947
Simulated 473.8959 648.6348 712.8006 736.3136 744.9658

As seen in the comparison table above, the simulation and calculated current is very similar with the
worst error around 0.2maA difference.

24
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Conclusion

After completing the first and second task on the transient behaviour of a charging and discharging
capacitor the results were very promising with the calculated and simulated values of the current
and voltage when discharging and charging being very similar and almost identical. However, the
simulated and calculated values were quite different to the practical circuits as these circuit where
being ran on a 6V circuit unlike the simulated and calculated versions which were using 5V circuits. If
this were to be done again | would make sure that all different ways of testing these circuit had all
the same input values so | would run the practical test on a 5V power supply to give better resultsin
the task.

Task 3 (Transient Behaviour for a more Complex Circuit) was also a success with the calculated
and estimated currents only having an error of 0.0306uA between them. Task 4 (Transient
Behaviour for the Inductive Circuit) was also a success with the comparison table at the end
of the task showing very low error margins, the biggest error was around 0.2mA difference.

All simulations through these task’s went very well and all calculations matched up very closely,
however the practical did not for task 1 and 2 due to a different input voltage on the power supply.
Through doing these tests | have concluded that the theoretical and practical testing was a success
into looking into RL and RC circuits with a charging and discharging capacitor. All the results
complemented each other throughout the experiment.

Bl 10
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