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Executive Summary

This report analyses the behaviour of RC and RL circuits when charging and discharging. Each section
analyses voltage and/or current, and how it reacts in a RC, complex RC or RL circuit. Task 1 and 2 use
practical methods of generating data, alongside calculations and Multisim. Task 3 and 4 have
calculations and Multisim, generating graphs and curves to assist with the analysis of the circuits.
The data gathered by a variety of sources, such as practical testing, calculations and Multisim values
are all compared and contrasted, using this data to analyse the circuit as well as discussing possible

reasons for any discrepancies between data if possible, and whether certain data types may be more
suitable than others.




Practical task, circuit analysis and calculations

Task 1- Practical values for charging capacitor

Time(s) Current(A) Voltage(V)
0 0 0
5 0.92 0.58
10 0.89 1.04
15 0.77 1.49

20 0.7 1.86
25 0.64 2.21
30 0.59 2.55
35 0.54 2.87
40 0.49 3.13
45 0.45 3.39
50 0.41 3.61
55 0.38 3.82
60 0.35 4

70 0.29 4.35
80 0.24 4.62
€0 0.21 4.85
100 0.17 5.05
110 0.15 5.2
120 0.12 5.35
130 0.1 5.47
140 0.09 5.56
150 0.07 5.65
160 0.06 5.72
170 0.05 5.77
180 0.04 5.82
190 0.04 5.87
200 0.03 5.9
210 0.03 5.93
220 0.02 5.95
230 0.02 5.98
240 0.02 5.99
250 0.01 6

260 0.01 6.02
270 0.01 6.02
280 0.01 6.03

Figure 1- Practical values obtained for charging capacitor




T=Rx C
T = 5600 x10,000x10 — 6

T = 565
Vec=0.632x6
Ve=3792V
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Figure 2- Graph showing voltage whilst charging capacitor




Current whilst charging a capacitor

Imax=V/R

Imax = 6/5600

Imax = 1.07mA

At one time constant, on decline, so 1-0.632=0.368
Therefore:

Ic = 0.368 x 1.07mA

Ic = 393.74pA

Current({A)
1
18
13
H\“-H\‘_
——
1 —
L““1__._‘__‘_7
e v+
0 0 200 250

" =as3n . -

Figure 3- Graph showing current whilst charging capacitor




Task 2- Practical for discharging capacitor

Time (s) Current (A) Voltage (V)
0 0 5.99
5 -0.92 5.56
10 -0.84 5.07
15 -0.77 4.65
20 -0.7 4.24
25 -0.64 3.97
30 -0.59 3.56
35 -0.54 3.24
40 -0.49 2.98
45 -0.45 2.72
50 -0.41 2.5
55 -0.38 2.28
60 -0.35 2.1
70 -0.29 175
80 -0.24 1.48
90 -0.2 124

100 -0.17 1.04
110 -0.14 0.88
120 -0.12 0.75
130 -0.1 0.62
140 -0.08 0.55
150 -0.07 0.44
160 -0.06 0.37
170 -0.05 0.32
180 -0.04 0.27
190 -0.03 0.23
200 -0.03 0.19
210 -0.02 0.16
220 -0.02 0.14
230 -0.01 0.12
240 -0.01 0.1
250 -0.01 0.08
260 -0.01 0.07
270 -0.01 0.06
280 -0.01 0.05

Figure 4- Practical values obtained whilst discharging capacitor




Measuring current whilst discharging capacitor

0@
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Figure 5- Graph showing current whilst discharging capacitor

Measuring voltage whilst discharging capacitor

Voltage (V)

0 50 100 150 200 250 300
Time (s)

Figure & Graph showing voltage whilst discharging capacitor




Task 1 Charging capacitor- Multisim and calculations

Key = Space
§1
R1 o ® _
AMA— 2~ PRt
5.6kQ)
— . .
C1
.=’-10000uF
i
=6V

_l_.

Figure 7- Multisim simulation for charging capacitor

Measuring voltage whilst charging capacitor

T=Rx C

7 = 5600 x10,000x10 — 6

T = 56s
Ve=0632x6
Ve =3.792V

Voltage-Three random times for charging capacitor, calculations and Multisim

—t
Ve=6(1—-¢e7)




ot

JUDISWOI AW} 2U0 3D 40Y20dDnd Buybioyd 15ym 3By oA -g 3inbi4

(s) auny.

-]

iz

_:}E‘

0000° 8

ETES 66

¥ S80L"E

ETE6'SE

(Zia (1A

Jopoedeos e Buibieyos 1siiym abeyon Buunseapy
L yseL

P/ T
%p /AD

Jouny

(n) abeyion

| mapece: & Dubmu s a0en Duunsay T | ey | s | juesuey) | s | uesie) | juesuy | s | uesues) | e | s | ey | ussue) | uesue) | ueseed | s

AGL"E BUIMOYS ZA ‘S9G= 1URISUOD AW} BUO 1Y




soE 10 Burbioyd 3spym abojjopn -g a4nbi4

11
FELLT TR
a8 B
(s) oawny
(4 sl o -] 0
-
__.o
¥ -1
WO3GE°SE BT
EREETEE pfp
zabE” Ap y
£858°LE w -z
TEHE"T h
b
L v
o <
g
. izha ma ¥ £a
=19 -— v =2 2
hevz=22-1)9 =24 a H
o8- "
v
4
N B
. .
5
. . - - - - s
Fy at
jusisuel |
I ¥seL

| pomnsy vy | ey

@A rivICBEBI DY v v BRER RX6C2
dpH oo pualey wum) womy ydeg ey by Wy

ASEZ Buimoys zA spg=1




4"

508 10 BurBioyd jsjiym abojjo-0T 3n b4

P somy ey | (PR pasee

.n_‘.ﬁ_ __‘_.D
(s) oy
00 oL 00 -1 o0 s 0
~0
¥ i
. —
NOS'V=_2 2 —T)9 =94 . : .
08— o i
™ ’ <
|
£ T . (3 .W
4
Le
R — P . B
e at
jusisuel)
| ¥sel
| s s, | mminiy
@D Y OBBBr R mAEW amX a8
doy spooy pusbe) wun) wony ydeo e B3 | Ny
* o s sy

A9S I Suimoys zZA ‘s08=1




€1

00E oSz 00z

[HETTT
[

S00T 30 buibioys 3sjiym abojjop -1 anbi4

2mouny papeyes |

e 8

s L)

[} 0

A6E'P=_1 @—T1)9 =934

00T—

JUCTEVT
| HSBL

w |

WiV OmBEY SR

() sbepop

oW xR
CRE TR PR ]

dyiy wpeay  pusbiey

wain s

A66°F Suimoys zA ‘spoT=1




Current-Three random times for charging capacitor, calculations and multisim

Current whilst charging a capacitor

Imax = —
max R

Imax=6/5600

Imax=1.07mA

At one time constant, on decline, so 1-0.632=0.368
Therefore:

Ic = 0.368 x 1.07mA

le=0368x1.07mA

fc=395.74mA

Ic = 393.74pA

14
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Task 2 Discharging capacitor- Multisim and calculations

Multisim

The power source was changed to a pulse voltage.

Koy = Space

3 R1 “

A
S0 10000,

1w
¢T v eV
MUY 300 GO0
T

|

Figure 16- Multisim circuit showing discharging of capacitor
Voltage-Three random times for discharging capacitor, calculations and multisim

Ve2=0.36Bx6
Ve =2.208V

(Multisim calculation includes 300s of charge time, before using the 565 1)

19
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Task 3

AN
Ak}

Kby = Space

1w
OV 12V
Ql[‘"ﬂ 12s 24s 1 R2

== 1000pF S5k

Figure 24- Multisim circuit for task 3

An equivalent circuit can be made using Thevenin’s resistance equation:

4kQ x 5k}

a0+ 5k - 22k

The time constant for this circuit can be calculated using: R stated as equivalent circuit
resistor value.

T=RxC
7= 1000pF x 2.2kl = 2.2s

Transient period = 5t = 11s

27




Charging Circuit

To calculate lyax, Vmaxmust be obtained. This can be done by using:
Vaax = ( M Jxv
=({——— s
Max =\R1+ R2) ™

4ki)

Vorar = (1 Y v
Max 4+ 4 k)

Vigax = 5.3V

R2
Vi = (—)x Vs
Max R1+R2
5kl

Var = (ssar) * 12

Vitax = 6.67V Vs

Current

] — VMa.x
Max RT

I B 6.67V
Max = 2 2kQ
Iyax = 3.03mA

Instantaneous Current calculations

—t
Ic = Imax (e?)

2.2

At 17:3mA (eﬁ) = 3.03mA

=2.2

At 37 Ic = 3mA (eﬁ) =151mA

=11

At 5 Ic = 3mA (eﬁ) —20.02u4

28




Multisim — 1 values are shown in fig.25, ;o values shown in fig.26

Table 1-Comparing current values for charging circuit, task 3

Time constant Calculated Value Multisim Value
Imax 3.03mA 2.99mA

1t 1.1mA 1.15mA

37T 151pA 153pA

57 20.02 pA 21.14 pA

29
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Discharging Circuit
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Figure 28- Source changed to pulse voltage to allow discharge of C1
The current at each time constant be calculated using;
-t
—Ic = Imax (97)
Current Calculations
-2.2
At1r: —lIc=3mA (e ) = —1.1mA
—6.6
At37: —Ic = 3mA(e72 ) = —149pA
—11
AtST—: Ic = 3mA (e ) = —20p4
Multisim figures:
1t=-1.1mA
37 =-149.6pA
Table 2- Comparing results for discharging current, task 3
Time Constant Calculated Value Multisim Value
1t -1.1mA -997pA
37T -149.6pA -137.31pA
5T -20pA -20.66 pA

Times for constants are T+5s to account for pulse voltage delay.
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Task 4

t=1L/R
T=3/15
=02

S1 R1
o AN
/ 15Q
—0
Key = Space
iy R
—v 23H

L

Figure 31- Circuit for task 4

Transient period = 5t = 1s

Charging
Vs
Iyax = R
] 12
Max = 1c

Iyax = 0.84 = 800mA
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Current Calculations
The current across the inductor must be calculated. This can be done using;

~t
I = lyax(1—eT)

—t
I, =084(1—eT)

At0.2(17) and 0.5s (2.5 7)
—0.2
17:1, = 0.84 (1 - e?) =0.51A
ﬂ
257:1, = 0.84 (1 —eos ) —0.73A

After 5T, or 1 second, the current is;

=1
I, =084 (1 - eﬁ) =0.794

Table 3-Current charge up to 1s

Current Multisim value
Time (s) (mA) (mA)

0 0
0.1 314.78 309.4
0.2 505.7 500.59
0.3 621.5 620.36
0.4 691.73 692.21
0.5 734.33 735.32
0.6 760.17 761.19
0.7 775.84 776.71
0.8 785.35 786.03
0.9 791.11 791.61

1 79461 79497
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Figure 32- Charging current across an inductor- task 4
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Task 4
- Charging current across inductor

Discharging

As with the charging circuit, measurements will be taken at 0.2 s (1) and 0.5 5(2.57), as well as 1
s(57). The power source was changed to a pulse voltage to measure discharge values. The way this
circuit is created on Multisim, the discharge starts at 1s. Therefore, each value is simulated at 1s + t.

-t
I = Iyax(eT)

Calculated values for each time:
—0.2

I, =108 (eW) = 294mA

-0.5

I, =08 (e 02 ) = 65.67mA

-1
I, = 0.8 (eﬁ) = 539m4

Calculation above used for table 4 calculations.
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Table 4-Current whilst discharging across an inductor

Current | Multisim value
Time (s) (mA) | (mA)

0 790 794.69
0.1 485.22 483.83
0.2 294.3 291.97
0.3 178.5 177.4
0.4 108.26 107.04
0.5 65.67 65.04
0.6 39.83 39.25
0.7 24.16 23.85
0.8 14.65 14.4
0.9 8.89 8.74

1 5.39 5.27

Current whilst discharging across an inductor

600

500

= 400
£

E 300
g

S 200

100

o

0.2 0.4 0.6 0.8 1
Time (s)

Figure 34-Graph showing current discharge across an inductor, task 4

41

1.2




To calculate the time before current has fallen to 100mA and 10maA, the formula below must be re-
arranged.

-t
I, = Iyax(eT)

L _ T

1 MAX

I —t
=T

In (IMAX

Therefore, time to reach 100mA:

- (100m.4
=" "0s

)0.2 = —0.42s

Therefore;

t =0.42s

The time taken to reach 10maA, is calculated as;

t=1 (wm‘q)oz— 088
=1n 08 L= R 5

Therefore;

t = 0.88s

Multisim simulation shows these values at 0.41s and 0.87s, as seen in fig. 44 and 45 in appendix.
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Testing, Results and Analysis

Task 1) Comparisons of Voltage Measurements whilst charging

Table 5- Comparison of voltage measurements whilst charging capacitor

Time (s) | Multisim value (V) Calculated Value (V) Practical Value (V)
30 2.35 2.48 2.55
80 4.56 4.56 4.62
100 4.99 4.99 5.05

Comparisons of current measurements whilst charging

Table 6-Comparison of current measurements whilst charging capacitor

Time (s) | Multisim value (nA) Calculated Value (pA) Practical Value (mA)
30 627.54 626 0.59
80 256.51 256 0.24
100 179.6 179 0.17

Values have been selected from the three random times chosen in the previous section, as a way of
comparing methods. Transient behavior can be seen as voltage cannot reach its maximum value
instantly, as it would require an infinite current to achieve this, which it does not have. As a result,
the capacitor will charge, as shown by values above and graphs in this report. The speed of voltage
increase is governed by the current. Whilst current flow rises through the capacitor, the charge
across the capacitor increases, causing voltage to increase. As this happens, the voltage passing
through the resistor decreases, and therefore the current will also reduce its rate of flow. With a
high current, the voltage is at its greatest increase, shown by the large initial increase of voltage as
current decreases significantly. As the rate of change slows for both voltage and current, the rate of
change decreases, before reaching its period of ‘steady state’. The values for all three
measurements are similar, with slight discrepancies between the practical, calculated and multisim
values. The practical values are arguably more useful, showing true readings rather than the theory
based values for calculations and multisim. With regards to the practical values, several factors may
affect the accuracy. It is very unlikely that the capacitor used was exactly 10,000uF, and that the
resistor was exactly 5.6kQ. This will immediately affect the readings given. Other factors such as
multimeter calibration and human error with regards to timings and multimeter and timer only
giving to a couple of decimal places. Calculations and multisim provide very similar readings,
generally with a slight deviation in the decimal values. These values are both purely theory based,
and use exact figures for capacitance, resistance and time. It is likely that the multisim values are
exact, due to the software using a higher degree of accuracy with regards to decimal places or the
method to achieve the values.

(electronics; a systems approach: Neil Storey)
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Task 2 Measuring discharge voltage

Table 7-Comparison of voltage measurements whilst discharging capacitor

Time (s) | Multisim value (V) Calculated Value (V) Practical Value (V)
30 3.49 3.51 3.56
80 1.492 1.44 1.48
100 0.998 1.01 1.04

Task 2) Measuring discharge current

Table 8-Comparison of current measurements whilst discharging capacitor

Time (s) | Multisim value (HA) Calculated Value (pA) Practical Value (pA)
30 -623.48 -626.21 -500
80 -255.2 -256.42 -240
100 -178.37 -179.4 -170

Voltage is defined as the potential energy, whereas current is defined as the rate of flow of
electrons. Therefore whilst the capacitor is fully charged, voltage is at its maximum, as it is storing its
maximum energy, whereas current is very low, due to no electron flow as it is full. When the
capacitor discharges, there is suddenly movement of electrons in the circuit. This means that the
potential energy, or voltage will start to decrease, whilst the flow of electrons or current will start to
increase, as shown by figures below. As is the case with charging, the change in voltage and current
cannot happen instantly, and therefore have transient behaviour. Calculations previously show that
at 56s, the capacitor should’ve discharged 63% of its voltage (1 1), 86.3% at 2 1, increasing
exponentially at each time constant until it reaches 99.3% of its value before achieving steady state.
At 51 (280s) with the practical values, the current is -0.01A with a voltage of 0.05V. As the capacitor
has been fully discharged, there is no potential energy left (voltage), and there is no energy causing
electrons to flow, so therefore the current is near to zero. As stated above, there are several reasons
for discrepancies between the multisim, calculated and practical values. The current will discharge in
the opposite direction that it charged in, and therefore will give a negative value, as seen above.




Task 3

Charging Circuit

Time constant Calculated Value Multisim Value
Imax 3.03mA 2.99mA

1t 1.1mA 1.15mA

37T 151pA 153pA

57T 20.02 pA 21.14 pA

Discharging Circuit

Time Constant Calculated Value Multisim Value
1t -1.1mA -997pA

37 -149.6pA -137.31pA

5T -20pA -20.66 pA

Before the capacitor is charged, the circuit is effectively shorted to earth. Calculations in previous
section state how this circuit could be made into an equivalent circuit, by replacing the two resistors,
with one 2.2kQ resistor only when the switch is closed. This circuit also displays expected behavior
with charging and discharging. With charging, the currentis initially very high, due to a sudden
change in electron movement. As the capacitor charges, this rate slowly decreases, before achieving
transience at 5 T, with approx. 20.02 uA. At 5 t, the capacitor is full and causes zero current flow.
When the capacitor is discharging, the voltage is dissipated through both resistors to ground.

As is the case with circuits drawn in task 1 and 2, the discrepancies between calculated and multisim
values are very small. The subtle differences between calculated value and multisim value can be
expected, as slightly different methods are used, with Multisim likely opting for a far more accurate
method of calculation. The discharged current values are the negative values for the charging
current, as the Iy is the same, and ratios for each time constant.
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Task 4

Current Multisim value
Dmels | (ma) ) Table3

0.1 314.78 309.4
0.2 505.7 500.59
0.3 621.5 620.36
0.4 691.73 692.21
0.5 734.33 735.32
0.6 760.17 761.19
0.7 775.84 776.71
0.8 785.35 786.03
0.9 791.11 791.61

1 794.61 794.97

Current whilst charging capacitor across an inductor

900

700
600
500

400

Current (mA)

300
200

100

Time (s)

Table and graph above are labelled as table 3 and fig. 32 in previous section.
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As seen above, the behavior of current whilst charging an inductive circuit contrasts the behavior in
a capacitive circuit. Current increases through an inductor whilst the circuit is charged, whereas a
current is initially high and decreases through a capacitive circuit. Aninductor will create a back emf.
Which will create opposition to the current trying to flow into the coil. This causes energy to be
taken through the coil, therefore increasing the current through it. On the discharge circuit, the emf
created will cause opposition to the decrease of current across the coil, and therefore putting more
energy/current through the circuit. This behavior is defined under Lenz’s law. (Hughes, 2016)

This current will continue to increase, until it reaches Iua, stated as 0.8A in previous section. The
voltage in this circuit will perform the opposite, initially be very high and fall through a transient
curve. As shown by approx. 790mA when fully charged, falling to 5.27mA at 5 7. As is the case with
the previous sections, there are very small discrepancies between calculated values and Multisim
values, due to possible rounding errors. Voltage simulation for Multisim is included in appendix.

Current | Multisim value
Time (s) (mA) (mA)

0 790 794.69
0.1 485.22 483.83
0.2 294.3 291.97
0.3 178.5 177.4
0.4 108.26 107.04
0.5 65.67 65.04
0.6 39.83 39.25
0.7 24.16 23.85
0.8 14.65 14.4
0.9 8.89 8.74

1 5.39 5.27

Table 4- Discharge




Fig 34
Current whilst discharging across an inductor

600
500
400

300

Current (mA)

200

100

Time (s)

The discharge circuit, graph and table shown above performs the opposite. The inductor will be
storing energy, as it has been charged. Full charge and discharge curves have been included in
appendix. This inductor will dissipate its current through R1, but in the same direction. This
therefore causes current to show a positive reading at all times. As with the RC circuit, the inductor
will discharge fully after 5 7. At this point, the inductor will effectively act as a short, giving near 0Q
resistance.

This circuit had to be performed via multisim and equations as it was not suitable for a practical
test. A 3H inductor is relatively large for a college environment, and produces an unsuitably high
current, with a chance of sparking when changing state of the circuit.
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Conclusions and recommendations

Each RC circuit behaves in a similar manner, with voltage increasing with a transient curve and
current decreasing with a charging circuit, and the opposite with a discharging circuit. Inductive
circuits behave in the opposite manner. When comparing calculations with Multisim values, they are
generally very similar. There are slight discrepancies that could’ve been avoided. Rounding values
down to one or two decimal places for calculations will affect the final value, whereas Multisim will
use full values. Throughout, comparison between calculated, multisim and practical values are
similar where performed. The extent at which results are accurate and reliable depend on the
application of the findings. Practical tasks are more likely give more genuine readings, but will
include slight deviations in readings dependent on true value of components and calibration of test
equipment. Calculations and Multisim will provide very accurate readings, which are possibly
unachievable with a practical task dependent on test equipment and component quality. The report
has given a wider view and understanding of transient behavior for capacitive and inductive circuits.

To improve the quality of results made, several factors could be addressed:

- Ensuring that full numbers are used when performing calculations. Rounding to one or two
decimal places causes larger errors when performing several calculations. Using full numbers
will provide greater accuracy when comparing to Multisim values

- Performing the practical test several times with a sample of electrical components,
generating average values for measurements, or measuring components to ensure they are
the exact value required. It is likely that most components slightly differ to their advertised
value, which will cause discrepancies when analysing circuits.

- Performing calculations within excel when making spreadsheets. Formulae could've been
introduced to perform many calculations at much smaller intervals. This would've provided
many more points for sampling, creating a more genuine curve. Excel could’ve performed
current measurements at every 100" of a second, proving a far greater resolution and
making a much smoother graph.

49




x &

z A M
Bue3
B T =
WPuy §uos "
.z wE
W 47 wisory T

+ (menun)) u=g ppug

- = ¢

J
W

ey 0
o

2o

s

=3

N

UOREINIED

sals
Y ndu)
poog

feanay

T Y50} J0f 53n|0A [031304d -GE aInbi4

66
#
i
€09 100 3 9
W09 00 3 ¢
15) i wigsenl 09 100 3 v
ot o % » 5 00 3 &
° 33 00 3 2
L1y 33 700 062 1
o o 6% o 3 [
w3 %S €00 [ 62
sod [ €00 00C "
g [ w0 061 z
" ws 0 et %
0 s w00 ot 2
s %0 oot "
(vhwauny L [T1] [3] 114
o 00 ot 44
Irs o 01 3
) s o [ 0z
006 = o0z S S - MH._.. =¥ ) .. ..
. £ i 001 o
L 7o % i
. L Vo & 9
SEV &0 o 1%
R v SED ] i
- Z8E B0 3 £
£ 5 e ™o o5 4
£ EEE L v T
3 e w0 o> o
- 8T ¥0 St ]s
Ex3 60 3 8
- a3 0 = L
98T Lo o 9
N i o G s
"1 [<2] ot r
‘ 0 750 3 [;
(n)aBeyon o o o z
[DEZTN [whuaiun (G
" 1 b r H 9 4 3 a 2 [ ] v
> 4 - @0
o Squiney = Wrwuliny 5 ey 5y ieaqd )
o EIIEEE] = wes oy B | ¢ % - - mewsent mm === -V.§ -F -Ar 8 AT ey
o . &
peR ewson | gl w. . W wiomsg - B== vyy¥.- ) sw x_ Y
LIINNOD FKidia LN WIS-04L3d SNI-0OY MIA MIATH vivg SY W04 N0 19 LHEN INOH I
{9y - mnpricuredes sbamy> o - AP

Xauuy




1S

008

av vy F 4 A X M A n L H o o d +] N L]
Supp3 Sy ks
] e 3 - - - R
WpUY g uOS T ] ajoN andu| 3 a
. B
F — : E
L AP wnsory g L] & jennan poop pem reuson | #f

« (rpenuay) usg Spoug

g = B ¢

- sjoe]
8 UGy [FUOGIPUCT
-

052

109

—

L .

LIINNDD ISHdEILNT

1 Buyd.

o o3
Lo

051

w aBeyjon Bupnseay

o
-5
I H a9 4
saquing 0 By
o %oy - swemelen | ==
fray v dei 45 -
WIS-OML3d  SNIFOOY M3 MAINGY

Z ¥SD) Jof sanjoA (03112044 -9€ 3Bl

@ seosuedwod | sBmpsg | ebmy
6E
(13
LE
0o o8z {14
00 oz g
Lo |E ¥
B0 53
T 3
7o L3
Vo 3
om0 ong
610 007
w0 061
o 081
o (744
o 0t
wo o1
w0 T
EX] 0ET
S0 (4]
B0 o el
W Comit
[ Cm
a0 W ol
o o s
3 W
[ w ol
5T CEEED
T WLl
BT o oL
[ w6
o K]
L6E {14 L
Vv CaEE]
EX IR
e [ K]
53 60 R
BES [] [] z
TATedeaon | Twhwenny | (1w |
3 a ] ] v
- azn
B oy % paqin
=== -V-§|-@/-f149 TIE e
_ - oy [
S _ vyl ouf [T 3
wva  swnwwo:  wnomnaovs  wase | won | [

e co A M




[4s

7 PUD T Y503 J0f 53} WopuDd £ I0 pauiniqo sanjop -, £ a4nbi4

[1TA & LA TAS LE'BLT- 00T
ovZ- Iv95T- 7'55T- 08
005- 12'929- 8'€79- 0f
(vrl) anjen jearesa|  (wil) anjen parejnojed [wrl) anjea wispni] (s) awiL
OSELjua1in) SUTEsIq|
0T 0T 8660 001
A T Z6v'T 08
3 1S 6v'E 0¢
(n)anjea jeanoesg|  [a)anjen pajejnajed (A)anjea wisny| (s) awiL

ZseL a9eIOA STIEPSIa

oLt 6.1 9641 00T
ovZ 957 15952 08
05 979 vC'L79 (5
(vr) anjea eaead|  (wil) anjea pajejndjed (wrl) anjea wisiynin| (s) awiL
oS [e6w 667 00T
o 9cy oy 08
553 23 cE'T (3
(A) @njea jeanoesg (A) @njea paienojed [A) @njea unsiynig| () auwny

THiseL a8e}|0A adiey)

;14
iz
92

S o~ ~

Mo N W0 @ o

o~




€9

1510 3n24p2 Buibioya aaf anina abpjjon -gs ainbi4

ﬁsm _m_.,._H_

(s) auny.

() oo

®p /T
. wp/hp

Th
o
T4

.
xewp Bumoys | g -abieyo sbeyjon jusisues |
PRECA
| stmup sty ey R | Uy | sy
" EHD WV GBBBY DR BRER AR 6O8
dipgy sjoa)  pusba) somn) @i udein  maly UP3 [apd

wap saydein




S

1€ puo 4T 30 3bD3joA -6€ 2nbly

| sone) PR | [EWE0RN PSR

a0 —m0 — @0
{s) ewn)
] v z ] z

-

!
n
() abegop

w

aBiglo abeyon o) Juaisuel]
€ YsEL

| nomey oy

AEER EICA ALY 1) R el = E LT -

doyy moop puebey sy e ity men w3 W

g, sngchenny




Vmax = (R1/(R1+R2))x Vs
Vmax = (4k/ (4k 45k )) x 12

Vmax =5.3V

Vmax = (R2 / (R1 +R2)) x Vs
Vmax = (5k/ (4k+5k)) x 12
Vmax = 6.67V

Above calculations show that the maximum voltage produced by this circuit is 6.7V. The two-time
values that are going to be used are 1T and 3T

1t=212s

31=6.6s

11 forVc=Vout(1l-e )
Vc=6.7 (1-e 2322

Ve =4.23V

31 for Ve = Vout (1—e~HT)
Vc=6.7(1-e %)

Ve =6.36V

Fig. 25 shows thatat 1 T voltage is 4.23V and 3 Tis 6.36V
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Discharging

Voltage Calculations
—t

Ve =Vs (eT)

Ba

=2,
2

At17: Ve = 6.67 (ez_) =245V

—6.6
At3z: Ve = 6.67 (eﬁ) =033V
—-11
At5z: Ve = 6.67 (eﬁ) = 44.9mV
Task 4
1 51 2 R1 3
A
150

V1

Q ')uv 12v Key = Space
1s2s
L1
gan

|||—

Figure 40- Task 4 circuit
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oltage whilst charging and discharging inductor

-

Figure 41- Voltage whilst charging inductor
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Current whilst charging and discharging inductor
- Transient

T
Vit
Figure 42- Current at 1T whilst charging inductor
Current whilst charging and discharging inductor
v Transient

Figure 43- Current at 1T whilst discharging inductor
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Figure 45- Time taken to reach 10mA shown as 1.87s. Therefore, 0.87s after 1s charge time has been subtracted
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GRADING FORM: NEW CSG-RUBRIC

BENJAMIN
BRICKLE

68

1. ENGAGEMENT WITH LITERATURE

(




y‘ NA

2. KNOWLEDGE AND UNDERSTANDING

[

y“ 2. Competent knowledge of underlying principles
demonstrated in your analysis. Report main body
lacks depth in terms of equation explanation. 16/25

3. COGNITIVE AND INTELLECTUAL

16

[

y‘ 3. Sound results generally few areas need to be
checked as marked, Analysis in your final section is
very good 20/30

4. PRACTICAL APPLICATION

20

[

y"’ 4. A very good application of methods with mostly
clear results, some room for improvement as marked
18/25

5. TRANSFERABLE SKILLS

18

[

y‘ 5. Accurate, coherent and fluent work, well presented
generally, not good practice to place a table of
results at the beginning, explain your method and
circuit first. Your overall analysis and conclusion is
good 14/20

14
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