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Introduction

This assignment is an investigation into the behaviour of R, and Rc circuits when connected to a direct current voltage
source. The arrangement will analyse the circuit when a direct current Voltage source is applied and when the voltage
source is removed. Analysis will be carried out using simulation techniques and practical methods. The instruments
that will be used during the practical test and simulations are as follows: Digital Multimeter, Probes and Oscilloscopes.
A comparison of the results will be taken place with reference to calculations using mathematical formulas. The
formula will be used to predict the instantaneous values and final values. Any discrepancies in the results will be
evaluated and the values chosen for the practical test will be justified.

Good intoduction
Task 1

Transient Behaviour for the Charging of a Capacitor

The purpose of the circuit shown below (Figure 1) is to monitor the transient behaviour for the charging of a capacitor
when connected to a direct current voltage source. The chosen voltage for this experiment is 6V. The chosen resistor
valueis 5.6 kQ and the capacitor value is 10kuF. The reason for choosing these values is that it gives us a time constant
of 56 seconds: T=R X C = 5600 X 10X10”-3 = 56 seconds. The Transient Period is calculated using the formula: 5 xT=
280 seconds. The Transient Period is long enough for us to take practical readings from the multimeter. The Transient
Period is the period of change, 5T is the end of the Transient Period. After 5T is the steady state where the capacitor
is around 98% fully charged.

Good explanation n and argument

Rt e
A e— DR
5.6kQ Good test method
. identified using pulse
(F*™Novev - - ==10000pF
\.__/280s560s

=

Figure 1 - Transient Circuit

There will be some discrepancies in the practical results which will be down to human error and component
tolerances, resistors usually have a tolerance of around 10%. To calculate the instantaneous voltage the following
formula can be used: V¢ = Vmax[1-e*-t/T] where Vnax = Voltage Supply and T = R X C. To calculate the instantaneous
current the following formula can be used: Ic = Inax[e?-1/T] where lnax = V/R.

Practical Results

The image below (Figure 2) shows how the practical experiment was setup. Two digital multimeters were used, on
was to measure the voltage and one was to measure the current. A 6V power supply was connected to the circuit
and a timer was started when the circuit became live. Two people would monitor the voltage and current readings
whilst a third person would call out 20 second intervals until 280 seconds.




Figure 2 - Practical Setup

Good use of images to
show test procedures

The table of results (Table 1) shows the values of the voltage (V) and current (4A) taken at 20 second intervals.

Charge Voltag,e

Charge Current

Time (s) |Voltage (V) Time (s) |Current (pA)
20 1.79 20 753
40 3.06 40 525
60 3.94 60 366
80 4.56 80 256

100 4,99 100 179
120 5.29 120 125
140 5.57] 140 87.56
160 5.66 160 60.99
180 5.76 180 42.77
200 5.83 200 29.93
220 5.88 220 20.91
240 5.92 240 14.58
260 5.94 260 10.18
280 5.96 280 7.1

Table 1 - Table of Charge Results

Tables of
results are
correct




The graphs for voltage (Figure 3) and current (Figure 4) charge are shown below:

Charge Voltage

Voltage (V)

Graph is correct
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Figure 3 - Voltage Charge Graph
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Figure 4 - Current Charge Graph

¥ Ve will always equal to 0.7T on the graph, in this case 0.7T = 39.2 seconds. 1T = 56 seconds, which is 63% of V..

The transient state is the period at which the capacitor is charging which is any time before 5T (280 seconds). the
steady state is any time after 5T, this is when the capacitor is around 98% charged and cannot hold anymore charge
so therefore there is very little change in the way the graph is shaped.

Good explanation with good
significant points made




Calculated Results

Charge Voltage

To calculate the charge voltage the following formula can be used: V¢ = Via[1-e2-t/T] where Vs = Voltage Supply
and T=R X C. Vya=6V and T = 5600 X 10x104-3 = 56.

The voltage at 40 seconds:

V.= 6[1-e7-40/56] = 3.06V

The voltage at 140 seconds:

V.= 6[1-e7-140/56] = 5.51V Calcs are
correct and
match the sim

graph values
The voltage at 240 seconds:

V.= 6[1-e7-240/56] = 5.91V

Charge Current

To calculate the charge current the following formula can be used: I = Imax[e*-t/T] where lmax =V/R and T =R X C. Imax
=6/5600=1.07A and T=5600 X 10x104-3 = 56.

The current at 40 seconds: Ic max is 1.07mA
not Amps
lc= 1.07[e”-40/56] = 523pA
The current at 140 seconds:
l.= 1.07[e-140/56] = 87.8pA The calcs are
correct

The current at 240 seconds:

lc=1.07-e7-240/56] = 14.7pA




Multisim Results

Charge Voltage Values

40 Seconds = 3.05V
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Graphs and values are
correct




Charge Current Values

40 Seconds = 525uA
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Graphs and values
are correct




Comparison of Results

Charge Voltage (V) G
Time (s) Practical Calculated U$imulaticm
40 3.06 3.06 3.05
140 5.57 5.51 551
240 5.92 5.91 5,91
Table 2 - Voltage Charge Comparison ;”
a
Charge Current (nA) bl
Time (s) Practical Calculated Simulation
40 525 523 525
140 87.56 87.8 87.56
240 14.58 14,7 ,14.58
Table 3 - Current Charge Comparison '/:is

Values are correct

Between all the results there are very small discrepancies, this is down to hu#®an error whilst carrying out the
practical experiment. All components used in the practical have tolerances, resistors usually have a tolerance of

around 5%-10%.

Fair
argu
ment

here




Task 2

Transient Behaviour for the Discharge of a Capacitor

Practical Results

The same practical experiment was taken place as the charge of a capacitor. However, to show the transient

behaviour for the discharge of a capacitor the circuit was connected to ground. A timer of 280 seconds was started
and reading of the voltage (V) and the current (I) were taken every 20 seconds. The practical results are shown in the

table below:

Discharge Voltage

Discharge Current

Time (s) |[Voltage (V)
20 4.18
40 2.92
60 2.04
80 1.43

100 0.99
120 0.69
140 0.48
160 0.34
180 0.24
200 0.16
220 0.12
240 0.08]
260 0.06)
280 0.04

Time (s) |Current (pnA)
20 -747
40 -520]|
60 -364
80 =255

100 -178
120 -124
140 -86.71
160 -60.81
180 -42.55
200 -29.72
220 -20.72
240 -14.47
260 -10.14
280 -7.06|

Table 4 - Table of Discharge Results

Tables of
results are
correct

10




The graphs for voltage and current charge are shown below:
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Figure 5 - Voltage Discharge Graph
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When we switch the supply to ground, the capacitor will fall exponentially towards negative |max hence the negative
results. ¥ Vecwill always equal to 0.7T on the graph, in this case 0.7T = 39.2 secSnds. 1T = 56 seconds, which is 63% of

Ve

C

~ O ® ™ ™ O
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Calculated Results

Discharge Voltage

To calculate the discharge voltage the following formula can be used: V; = V. [e?-t/T] where Vmax = Voltage Supply
and T=R X C. Vya=6V and T = 5600 X 10x104-3 = 56.

The voltage at 40 seconds:

V.= 6[er-40/56] = 2.93V

The voltage at 140 seconds:

V.=6[eN-140/56] = 0.49V Calcs are
correct

The voltage at 240 seconds:

V.= 6[eN-240/56] = 0.08V

Discharge Current

To calculate the charge current the following formula can be used: I = -lnax[e*-t/T] where lmax = V/R and T=R X C. Imax
=6/5600=1.07A and T =5600 X 10x104-3 = 56.

The current at 40 seconds:

Icis 1.07mA
lc=-1.07[e”-40/56] = -523pA not Amps
The current at 140 seconds: c
.= -1.07[e-140/56] = -87.8pA al
cs
ar
The current at 240 seconds: e
c
lc=-1.07-e7-240/56] = -14.7pA or
re
ct

12




Multisim Results

Discharge Voltage Values
40 seconds = 2.91V
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Discharge Current Values

40 seconds = -520pA

Transient Circuit
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Graphs and values are correct
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Comparison of Results

Discharge Voltage (V)

Good table of values for comparison

Time (s) Practical Calculated Simulation
40 2.92 2.93 2.91
140 0.48 0.49 0.49
240 0.08 0.08 0.08
Table 5 - Voltage Discharge Comparison
Discharge Current (nA)
Time (s) Practical Calculated Simulation
40 -520 -523 -520
140 -87.71 -87.8 -86.7
240 -14.47 -14.7 -14.47

Table 6 - Current Discharge Comparison

Between all the results there are very small discrepancies, this is down to human error whilst carrying out the
practical experiment. All components used in the practical have tolerances, resistors usually have a tolerance of

around 5%-10%.

Fair argument here
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Task 3

Transient Behaviour for a more Complex Circuit

The circuit below (Figure 7) is an example of a complex transient circuit:

Figure 7 - Complex Transient Circuit

In the circuit at the moment the initial current luax = V/R; this is because the capacitor C; acts as a short circuit. In
order to take R, into consideration to find the final current luax = V/R1+R> an equivalent circuit needs to be

constructed:

The first step would be to remove the capacitor so we are left with the source and two resistors. Then we can
remove the source so that we are left with just the 2 resistors (Figure 8).

__::::::RI____:fRZ:::::
. AAA vy .
S ATkQ 56kQ . Good explanation

Figure 8 - Resistors in Parallel

In order to find the total resistance for the equivalent circuit we use the following equation: Rr = Ry x Ra/Ri+R; = 47 x
56/47 +56 = 25.55 kQ.

The next step is to calculate the voltage divider for the new supply voltage (V) (Figure 9).

g

Ver
L A
SR PR
o R2 |
A .éf)ﬁkﬂﬁﬁ.ﬁﬁﬁ.
........ I SRR Y
________ |

Figure 9 - Voltage Divider
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To find Vgy the following formula can be used: Vg1 = 12V = Vour

To find Vour the following formula can be used: Vour= Vsx R2/R1+ Ra= 12 x 47/47+56 = 6.52V. Therefore Va1 = 12 -
6.52 =5.48V.

The equivalent circuit is as follows (Figure 10):
Parameters are

‘R1 - o R identified for the
—WA— . o equivalent cct
25.55k0)
I\“ZZ o S L :Cf

70V 8,52V 10pF
1.275s 2.55s

Figure 10 - Equivalent Circuit

The time constant (T) can now be calculated for this circuit: T =R x C = 25.5kQ x 10uF = 0.255 seconds. The transient
period (5T) can now also be worked out: Transient Period =5 x T =5 x 0.255 = 1.275 seconds. The final current of the

circuit can be calculated using the following formula: Iyax = V/R1=6.52/25.55 = 0‘25AThis cale for I initial current is

6.52/25550 which is 255uA. It is the

same as 12v /47000 because itis the
Calculated Results equivalent cct.

Charge Voltage

To calculate the charge voltage the following equation can be used: V; = V[ 1-e2-t/T].

The voltage at 0.25 seconds:

Ve=6.52[1-e"-0.25/0.255] = 4.07V

The voltage at 0.5 seconds:

V.= 6.52[1-e*-0.5/0.255] = 5.60V Calcs are correct
The voltage at 0.75 seconds:

Ve=6.52[1-e7-0.75/0.255] = 6.18V

Charge Current

To calculate the charge current the following formula can be used: I = Imax[e-t/T].
The current at 0.25 seconds:

le= 0.25[e7-0.25/0.255] = 93.79mA

The current at 0.5 seconds:

The calcs here have
lc=0.25[e"-0.5/0.255] = 35.19mA errors because Ic max

The current at 0.75 seconds: should be 0.255uA
lc= 0.25[e”-0.75/0.255] = 13.20mA

17




Multisim Results

Charge Voltage

0.25 seconds = 4.07V
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Charge Current

0.25 seconds = 96.21mA

Complex Transient Circuit
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Graphs are correct but the
calcs do not match due to
an error with Ilc max
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Comparison of Results

Charge Voltage (V)

Time (s) Calculated Simulation
0.25 4.07 4.07
0.5 5.60 5.60
0.75 6.18 6.18
Table 7 - Complex Voltage Charge Comparison
Charge Current (uA)
Time (s) Calculated Simulation
0.25 93.79 96.21
0.5 35.19 36.05
0.75 13.20 13.50

Table 8 - Complex Current Charge Comparison

Table of values are good but the values
for Ic is incorrect due to an error with Imax

There may be a deviation in results due to human error whilst making calculations. The simulation results are more
accurate as they are not rounded during the calculations.
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Calculated Results

Discharge Voltage

To calculate the discharge voltage the following equation can be used: V; = Viau[e?-t/T].

The voltage at 0.25 seconds:
V.=6.52[e*-0.25/0.255] = 2.44V
The voltage at 0.5 seconds:
Ve=6.52[e*-0.5/0.255] = 0.92V
The voltage at 0.75 seconds:

Ve=6.52[e*-0.75/0.255] = 0.344V

Discharge Current

Calcs are correct
and match the
sim graphs
values

To calculate the discharge current the following formula can be used: I = ~lmax[e?-t/T].

The current at 0.25 seconds:
le=-0.25[e”-0.25/0.255] = -93.79mA
The current at 0.5 seconds:

= -0.25[e”-0.5/0.255] = -35.19mA
The current at 0.75 seconds:

lc=-0.25[e*-0.75/0.255] = -13.20mA

Same error here
as the charge
due to the Ic max
value error
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Multisim Results

Discharge Voltage

0.25 seconds = 2.44V
Complex Transient Circuit
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Discharge Current

0.25 seconds = -95.40mA

Complex Transient Circuit

TranSIeQ't The graphs and values

390111’ are correct but do not
2004 \ 1(C3) match the calc values due
Z 100u- to an error with Ic max.
= ﬁ s Note that the graph
s e s /_ﬁ/_/..ﬁ——ﬁ— values are uA and the
bé 1004 - ﬁ ‘95i‘f:::‘; e calc values are mA
dy -95.4052p
200y - dy/dx -62.5608n
300y 1/dx 655.737Tm
0.0 05 10 15 20 25 30

Time (s)
0.5 seconds = -35.70mA

Complex Transient Circuit

Transient
v
3004
200y \ 1(C3)
@ 100p - x1 0.0000
=
= vl 0.0000
o pe 1.7750 /Aw—‘_"”___"'_
{3 v2 -35.7033n
O -100y - dx 1.7750 &«
dy -35.7033n
-200p - dy/dx -20.1145n
3000 1/dx 563.3803m
0.0 05 10 15 20 25 30
Time (s)

0.75 seconds =-13.36mA

Complex Transient Circuit

Transient
k4 b
3000 ey
200p \ 1(C3)
< M0ou- o, 0.0000
= i vi 0.0000
@ %2 2.0250 o
|5 v2 -13.3568n /a/_J
O -1004 - dx 2.0250
dy -13.3568q
-200y - dy/dx -6.5959n
3000 1/dx 493.8272m
00 05 1.0 15 20 25 30
Time (s)
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Comparison of Results

Discharge Voltage (V)

Time (s) Calculated Simulation
0.25 2.44 2.44
0.5 0.92 0.912
0.75 0.344 0.341
Table 9 - Complex Voltage Discharge Comparison
Discharge Current (nA)
Time (s) Calculated Simulation
0.25 -93.79 -95.40
0.5 -35.19 -35.70
0.75 -13.20 -13.36

Table 10 - Complex Current Discharge Comparison

Good use of tables for analysis but
for the current table Ic values do
not match. The calc values are in
mA and the graph values are uA.
The correct values are in uA

There may be a deviation in results due to human error whilst making calculations. The simulation results are more
accurate as they are not rounded during the calculations.
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Task 4

Transient Behaviour for the Inductive Circuit

The circuit below is an example if an inductive circuit (Figure 11):

AN~
100

ﬁﬁv1ﬁﬁﬁﬁﬁﬁ o ZZIZ_1Z

'+"0V12V"" "%2H'
.~/ 1.0s2.0s S T

Test method is
identified using pulse
train with masking for

-~

Figure 11 - Inductive Circuit

To calculate the maximum current the following equation can be used: Iwax = Vs/R = 12/10 = 1.2A. the time constant
can also be calculated: T = L/R = 2/10 = 0.2 seconds. The time period =5 x T = 1.0 seconds. In order to show the
current growth after the first 1 second, we can compare Multism results to calculated results as follows.

Icmax and T are identified
Calculated results

To calculate the current growth across the inductor after the first 1 second, the following equation can be used: I, =
Imax[1-e”-(R/L)xt].

Current at 0.2 seconds:

IL=1.2[1-e"(10/2)x0.2] = 0.7585A

Current at 0.4 seconds:

I = 1.2[1-e7-(10/2)x0.4] = 1.0375A Calculati
ons for
current
growth

Current at 0.6 seconds: are

I, = 1.2[1-e"(10/2)x0.6] = 1.1403A correct

Current at 0.8 seconds:

I, = 1.2[1-e"-(10/2)x0.8] = 1.1780A

Current at 1.0 seconds:

I = 1.2[1-e-(10/2)x1.0] = 1.1919A
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Plotted Results

The calculated values are inputted into a table and a graph was plotted:

Time (s) |[Current(A)
0.2 0.7585

0.4 1.0375

0.6 1.1403

0.8 1.178

1 1.1919

Table 11 - Table of Calculated Values

Current Growth

Current (A)

0.2 0.3 0.4 05 06 0.7

Time (s)

Figure 12 - Graph of Calculated Results

0.8

Table of values is correct

Graph shows a good trend of the
sampled calculated values
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Multisim Results

0.2 seconds = 0.7585A

Design1
Transient
;- -
14
1.2 1 Cursor n——a— 5 -
1.0- s (L1}
— "
< o8 1 0.0000
,&/- x -
E 0.6 e vi 0.0000
= b i x2 200.0000m
'3 04 et v2 758.5331m
P dx 200.0000m
0.2 - / dy 758.5831m
0.0 dy/dx 3.7929
6 1/dx 5.0000
0.0 0.2 0.4 0.6 0.8 1.0
Time (s)
'L
0.4 seconds = 1.0377A
Designi
Transient
w -
14
1.2 - Cursor n__
1.0 - ,_qr‘ﬂxd_d-—_—-w I(Ll)
H P
-
< 08- e x1 0.0000
= L vl 0.0000
@ 06- ol 2 400.0000m
5 04- 4 v2 1.0377
= P dx 400.0000m
02- / dy 1.0377
J'/ dy/dx 2.5944
0.0 1/dx 2.5000
-0.2 ) ‘ . .
0.0 02 0.4 0.6 0.8 1.0
Time (s)
I
E( )
0.6 seconds = 1.1404A
Design1
. Transient
1.4
Cursor
12- = e e ——
I(L1) E ¢
1.0-
5?_ 0.8- %1 0.0000
< vl 0.0000
@ 06- x2 €00.0000m
= Ay2 1.1404
304 S 600.0000m
02. dy 1.1404
<1/ dy/dx 1.9006
00 1/dx 1.6667
-0.2
0.0 0.2 0.4 0.6 0.8 1.0
Time (s)
KL
gL
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0.8 seconds = 1.1781A

Design1
Transient
b g -
1.4
124 Cursor n,__{_ e -
10- I(L1)
E 0.8- »x1 0.0000
t | vl 0.0000
g 08 w2 £00.0000m
5 04 - v2 1.1781
o . dx §00.0000m
021 - dy 1.1781
& dy/dx 1.4726
00¢ 1/dx 1.2500
0.2
0.0 0.2 0.4 0.6 0.8 1.0
Time (s)
ygLn
1.0 seconds = 1.1919A
Design1
Transient <
14
1.2 - Cursor n__ R ——— 4
1.0 I(Ll)
= T
§- 08 L x1 0.0000
£ L vl 0.0000
o 06 o x2 1000.0000m
V5 04 & y2 1.191%9
o dx 1000.0000m
02+ / dy 1.191%9
/ dy/dx 1.1919
00+ 1/dx 1.0000
-0.2 ;
0.0 0.2 0.4 0.6 0.8 1.0
Time (s)
EI[U]
Comparison of Results
Time (s) Calculated Simulation
0.2 0.7585 0.7585
0.4 1.0375 1.0377
0.6 1.1403 1.1404
0.8 1.1780 1.1781
1.0 1.1919 1.1919

Table 12 - Inductive Charge Comparison Table

Sim graph values are
correct

Good table of values for
analysis

To calculate the time that elapses before the current flowing in the circuit has fallen to 100mA and 10mA, the
following equation can be used: || = Imax[e”-(R/L)xt]. The equation must be rearranged to make ‘t’ the subject of the

equation:
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I = Imax[e-(R/L)xt]

I/ Imax = e?-(R/L)xt

In order to eliminate ‘e’, log rules must be used:

In[I/ Imax] = In[er-(R/L)xt]

In[l/ Imax] = -(R/L)xt (T =R/Lso therefore 1/T =R/L)

In[l/ Imax] = -t/T

t=T[In(l/ Imax)]

At 100mA:

t=0.2 [In(100x10~-3/1.2)] = -0.497 seconds

At 10mA:

t=0.2 [In(10x107-3/1.2)] = -0.957 seconds

Multisim Results

100mA = -0.495 seconds

- S0 Qg

Numeric values
are correct but
they are not
negative. The
negative actuallyS
cancelsoutin C
the formula o
because of 'In' I

~®» - 30 ha o<

Design natural log valuer
Transignt . e
14 c
G A i
19 ursor B - . ;
1.0 I{Ll) L
< o8 x1 1.0000
= vl 1.1920 Y
g 061 . 1.4949
=Y Y2 100.0000m W
Q Jdx 494.9330m ~
021/ ay -1.0%20
{ dy/dx -2.2064 g RSNy )
0.0 1/dx 2.0205 T
0.2
0.0 0.4 0.8 1.2 1.6 20
Time (s)
EI[U}
10mA = -0.954 seconds
Design1
Transient
1 4 w w
12 R
10 I (L1} L
Log) o 1.0000 \
E ¥l 1.1920 \
g 069 o 1.9538 %
5 pal 2 10.0000m 2
C | fax 953.8242m o
024/ dy -1.1820
£ dy/dx -1.2393 _—
007  1/dx 1.0484 e
-0.2
0.0 0.4 08 12 1.6 2.0
Time (s)
EI[U]

Graphs are correct and as you can see
the value of Ic is not negative
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Conclusions and Recommendations

The aim of this task was to carry out practical testing and mathematical formulae to discuss the transient behaviour
of Rc and Ry circuits. During the practical testing there were no problems encountered. There may have been a
deviation or some anomalies within the results due to the inaccuracy of recording the practical results. Also, the
components used such as resistors and capacitors have 5-10% tolerances so they may not have had the exact value
needed for the experiment. The calculations may be slightly different to the simulated results as during the
calculations some numbers may have been rounded to 1 or 2 d.p. Rounding calculations decreases the accuracy of
the final result. To improve the accuracy of the practical results we could use components with less of a tolerance,
however the price of these would be considerably more. To improve the accuracy of the calculated results we could
round the calculations to 3 d.p.

Fair
argumen
ts made
here and
relative
to the
tasks
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