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1. Introduction

This assignment is to analyse the behaviour of various circuits and their components. RC, RL and complex RC
circuits will be analysed under DC conditions and their components will be analysed to monitor how they act
under these conditions. Analysis will be undertaken in the form of multisim simulations, mathematical
calculations and practical tests. Results from these tests will be obtained and compared and contrasted to
show any discrepancies or errors.

Introduction is short
but to the point.
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2. Transient behaviour for the Charging of a capacitor

‘R1
BENSE DO m i ot A 4 2y
vs || sekQ |
, = et
6v. T | ==10000pF

FIGURE 1 = RC CircuIT

For this task the circuit that is going to be analysed consists of a 6V DC power supply, a 5.6kQ
resistor which is in series with a 10kuF capacitor [Figure 1]. The power will flow from the positive
terminal from the power supply through the resistor which will resist the current flow, the power
will then flow into the capacitor and will charge it up. A resistor is in this circuit to prevent the
capacitor from over charging instantly so that a transient is visible otherwise with no resistance the
capacitor could potentially explode due to this equation, | = V/R.

The component values have been chosen to give a time constant of around 60 seconds, using the
equation T = R x C we can find that this circuits time constant will be 56 seconds as 10,000uF x
5.6kOhm = 56 seconds, 56 seconds is one time constant, the capacitor will charge to 63% of its
capacity after 1T, these components will have tolerances which could affect the results of the
practical test. Significant point identifed

For this task the transients are being looked into, a transient is a period of change, the period after a
transient is known as the steady state, in this case the steady state for the voltage charge will be 6V
as this is when the capacitor will be fully charged therefore there will no longer be a period of
change, Maximum growth for this circuit will be after 5T, therefore the transient period for this
circuit is 5 x 56s = 280s, The capacitor will be charged to its full capacity at 5T.

The first method of testing will be through a practical circuit built on a PCB, test equipment will be
connected to test the voltage and current charge over the transient period, readings will be taken
down every 20 seconds for the transient period, the next test will be through multisim, on multisim
the circuit will be built and then the transients are viewed as graphs where the results can be seen.
the final method of testing will be mathematical with theory and formulas to find out what the
voltage and current will be at a specific time within the transient period. The values from these 3
tests will then be compared and contrasted to see if there are any discrepancies or differences

Explanation is good but could
have rounded it all in a single
paragraph.
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Practical Test

For the practical test the circuit was constructed on a breadboard, and then recorded with a
voltmeter and an ammeter in order to record the Voltage and Current that the capacitor gets
charged to every 20 seconds over the transient period. However, these components will have
tolerances which can affect the results that the multimeter will pick up the tolerances of these
components, these tolerances can be up to +/- 10%, Due to these tolerances the practical results
may be different to the Simulated and calculated results as these will calculate it with the exact
value with no tolerances or human error. The capacitor will be charged at roughly 63% after 1 time
constant, capacitors only charge to around 99%, this may cause discrepancies when comparing the
results.

FIGURE 2 — PRACTICAL CIRCUIT

Good
image and
intro to
practical
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Table of results

Figure 3 shows the values obtained from the practical tests. The table shows that as the voltage
increases the current decreases. At 280s the voltage is at 5.86v which is close to 99% of 6v proving
that the capacitor will only charge to 99%. After the transient period the circuit will enter the steady
state, steady state is the period after the transient state where the values stop varying.

Charge
Time (t) [VC(V) IC (MA)
20 1.91 0.701
40 3.09 0.491
60 3.91 0.352
80 4.47 0.25| good table of results
100 4.89 0.179
120 5.18 0.127
140 5.39 0.094
160 5.54 0.069
180 5.64 0.051
200 5.72 0.038
220 5.77 0.028
240 5.81 0.022
260 5.84 0.016
280 5.86 0.013

FIGURE 3 — CHARGE RESULTS TABLE

The exponential graphs are created next from the table results, as VS is a constant value and the
capacitor charges increasing its voltage. However, Ohms law is introduced stating that as the voltage
increases the current must decrease, however, the current is also a constant.
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VC Charge
VC (V) Charge
7
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E . FIGURE 4 — VOLTAGE CHARGE PLOT
= Good graph with

values
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Figure 4 is an excel graph of the practical for the charging voltage. At 56s which is 1T the voltage has
charged to around 3.8v, as 1T 63% of Vmax this is correct as 63% of 6v is 3.8v.

0.7T is the equivalent of half of Vcc, therefore 0.7T should equal 3V, 07T is around 39 seconds, at
0.7T the voltage is around 3.04v which is very near to Half Vcc proving that this theory is correct.
The graph shows a quick voltage increase between 20s and 120s, after 120s it begins to slow down
and enter the steady state. At 5T it has nearly fully charged to around 98% of the capacitors 99%
capacity.

IC Charge
IC (mA) Charge
0.
0.701

o7

0.6
T 05 .
E Good graph with
-5 0.4 values FIGURE 5 — CURRENT CHARGE PLOT
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Figure 5 shows the current charge of the capacitor over the transient period. The graph shows the
current decreases very quickly until around 180 seconds whereby it begins to enter the steady state.
At 0.7T (39.2s) the current was around 0.49mA, it should be around 0.42mA. At 1 time constant the
current was around 0.35mA. After the transient period the current has fallen to 0.013mA which is
99% of Imax. The current falls rapidly until 120seconds. After this it starts to enters steady state.

Explanations are good
and include the
significant points 0.7T
and 1T.
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Multisim

For the multisim simulation the circuit was run and a transient analysis was undertaken at three
instantaneous times during the transient period, at these times the voltage will be noted and then
compared with the mathematical values and the practical values. These simulations were proved

over 3 instantaneous times as shown in Figures 6, 7 and 8.

VC Charge at 60 Seconds = 3.944v

VC Charge
. - Transient at 60 Seconds
7
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Time (s)
FIGURE 6 — VC CHARGE AT 60 SECONDS
VC Charge at 120 seconds = 5.29V
VC Charge
. Transient at 120 Seconds
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FIGURE 7 — VC CHARGE AT 120 SECONDS

Graph is clear and
values are correct

Graph and value is
correct
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VC Charge at 180s: 5.7594V

VC Charge
. Transient at 180 Secgnds
7
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FIGURE 8 — VC CHARGE AT 180 SECONDS
Charge Current Values
IC Charge at 60 seconds: 0.366mA
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FIGURE 9 — IC CHARGE AT 60s
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IC Charge at 120 seconds: 0.125mA
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FIGURE 10 — IC CHARGE AT 120s
IC Charge at 180 seconds: 0.042mA
ZRvxae | HEH . A0 Q J([FE cumor B
Transient | Transient | Transient | Transient | Transient | Transient | Transient | Tran Iien)
Design2
. x1 0.0000
- Transient y1 0.0000
1.5mv ®2 150.0000
yvZ 42 .7684m
1.0m -% dx 180. 0000 Good graph
dy 42 .7654p
0.5m - dy/dx 237.6020n
) 1/dx 5.5556m

a———

-

0 100

e

FIGURE 11 — IC CHARGE AT 180s

200 300
Time ()

400

500




Thomas Grennan
PSDE4001 - Assignment 1

Voltage Calculations

The third and final test to investigate the voltage charge of a capacitor is through mathematic
theory. These were calculated at 60s, 120s and 180s using the calculation:

-t
Ve = Vmax(l — e?)
60s=Vc=6(1- e?) =3.944V

-120
120s = V¢ = 6(1— T ) = 5.296V

180
180s = Vc=6(1—e 56 )= 5,759V

Current Calculations

The current is also calculated using the equation:

I _Vs
max—?

Imax = % = 1.07mA

-t
Iec = Imax (e?)
60s =1Ic =1.07 x 1073 = 0.367mA

e
120s = Ic = 1.07 x 103 (e ) = 0.125mA

=60
5
—-120
56
—180

180s = Ic = 1.07 x 1073 (e 56 ) = 0.0429mA
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Charge Comparison

Excellent
fablg of
Voltage (V) Lo i Current (mA)

Time (s) | Practical | Simulation | Calculation. | Pragtical | Simulation | Calculation
60 3.91 3.944 3.945 0.352 0.367 0.367
120 5.18 5.296 5.296 0.127 0.125 0.125
180 5.54 5.759 5.759 0.051 0.042 0.0429

The comparison table shows that overall the simulation and calculation are very accurate as there
are no discrepancies between them other voltage at 60s and the current at 180s, however this is
down to human error from rounding of the figures. The practical figures are all different to the
calculated figures, this is due to reaction time when noting down the values, component tolerances,
whereas multisim and the calculations are accurate to the millisecond and have no component
tolerances. These figures have been placed in a bar chart to visually prove the discrepancies that the
practical had with the multisim and calculations.

Comparison of Three Tests (Voltage)

7
6
g 5
% 4
5° Good analysis
=2 representation
1 graph. This explains
g better than text.
60s 1205 180s
Time (S)
M Practical(v) ® Multisim (V) = Theory (V)

FIGURE 12 — COMPARISON OF THREE TESTS (VOLTAGE)

Comparison of Three Tests (Current)
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035
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“ 01 II I better method

than just text.
0.05
0 Hmm
60s 120s 180s
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m Practical (mA)  ®m Multisim (mA)  ® Theory (mA)

FIGURE 12 - COMPARISON OF THREE TESTS (CURRENT)
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3. Transient behaviour for the Discharging of a capacitor

When the capacitor had fully charged, a wire in the circuit was moved to ground to effectively open
the switch to discharge the capacitor. The circuit stayed the same therefore the time constant and
transient period were the same time. The same tests were performed just for the discharging of the

capacitor.

As the circuit is discharging the current is now negative as it is flowing out of the negative capacitor
terminal. The discharge period shows as the voltage decreases the current increases from negative

to almost OmA at 5T.

Discharge
Time (t) |VC(v) IC (mA)
20 4,09 -0.705
40 2.92 -0.506
60 2.05 -0.357
80 1.45 -0.253
100 1.04| -0.181
120 0.75| -0.129
140 0.53 -0.092
160 0.38 -0.066
180 0.27 -0.047
200 02| -0.034
220 0.14| -0.025
240 0.1 -0.018
260 0.08 -0.013
280 0.05 -0.01

FIGURE 14 — DISCHARGE TABLE

Good explanation and good results

At 5T it shows that the capacitor has discharged to 99%, the voltage falls to almost OV and the

current has almost returned to positive current

Currentrises

exponentially to

Zero.
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Good graph with results
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FIGURE 15 — VC DISCHARGE PLOT

The practical results were entered into a table and and a curve line graph was created from the figures. The
graph in Figure 15 shows that the voltage decreases from Vmax to 4.09V after 20 seconds. At 1T it shows that
the voltage has decreased to around 2.15v. At 0.7T the graph should show 3V as it 0.7T is half of the 6V (VCC).
At 39.2 seconds (0.7T) the voltage is around 3V proving that this theory is correct.

o

Current(maA)

S 0o 9 0 90 0 0 ©
e N o b Bk R

Good points identified here

IC (mA) Discharge

FIGURE 16 — IC DISCHARGE
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-0.253
= . - -0.01

.0.705 -0.506 0357 Transient Period

Good

graph

with

results

The practical results for the current discharge were also entered intovaitabde. The current flows exponentially
from -0.705mA to almost OmA after 5T, this is because the capacitor gudlboever fully discharge. At 0.7T (39.2s)
the current is around -0.51mA which is lower than the -0.527mA expec@@{bm 1T the current is around -
0.35mA whereas the expected current is around -0.39mA showing thibthe practical gave readings which were
not accurate due to component tolerances and human error. includin

g the
signific
ant
points
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Multisim Readings

Voltage Discharge at 60s = 2.04V
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Current Discharge Multisim

Current Discharge at 60s: -0.364mA
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Both of these graphs follow the same shaped curve as the ones in the practical experiment,
this proves that the practical experiment was accurate other than the discrepancies from
the components.

Voltage Calculations

To calculate the voltage, discharge the formula used is:
=t
Ve=Vs (eT)
Where Vs = 6v, T = 56s and t = the variable time constant

The voltage will again be calculated at 60s, 120s and 180s.
60s = Vc = 6(9-5—6:) = 2.055V
120 = Ve = 6 (e ) = 0.704V
180s = Ve = 6 (e ) = 0.2417

Current Calculations

To calculate the discharge, current the formula used is:

-t
Ic = —Imax (e?)

Where -Imax = -1.07, T = 56s and -t = negative time constant

The current will also be calculated at 60s, 120s and 180s.

—-60
60s = Ic = —1.07 x 103 (eﬁ) = —0.366mA

=120

120s = Ic = —-1.07 x 1073 (eT) =—0.13mA

-180
180s = Ic = —1.07 x 102 (eT) = —0.05mA
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Discharge Comparisons Excellent table of
values and calcs
match the sim values

Voltage (V) Current (mA)
Time (s) | Practical | Simulation | Calculation | Practical | Simulation | Calculation
60 2.05 2.04 2.055 -0.357 -0.364 -0.36
120 0.75 0.697 0.704 -0.129 -0.124 -0.13
180 0.27 0.238 0.241 -0.047 -0.042 -0.05

From looking at the comparison table it shows that for the discharge tests there were small
discrepancies between some of the readings. These discrepancies again would be down to human
error when calculating the formulas as they could have been rounded differently and from the
component tolerances and the speed to reading the figure off the multimeter, if the multimeter is
not calibrated this can give off wrong readings. G

o

These values have been placed in bar charts to show the discrepancie€visually. From these charts it
is easy to see that all three tests are very close, but have minor discreﬁ%ncies, it is clear to see that
the practical test has the most discrepancies as the simulation and cal€ulation are quite even with
each other.

Voltage Discharge

2
! ti
)
n
g n I -
605

120s 180s
Time (5)

D S O T T X

Voltage
-
- (5]

n

W Practical mSimulation m Calculation

The charts are an excellent
method for analysis and are
much better than text alone.

FIGURE 23 — VOLTAGE DISCHARGE COMPARISON
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4. Transient Behaviour for a more Complex Circuit

This task is an investigation on complex resistor-capacitor circuits. The time constant will be
calculated with the use of mathematical theory, the time constant will be calculated using
formula to predict instantaneous values of V and I. This mathematical theory will predict the
instantaneous values of voltage and current throughout the charge and discharge cycle. The
time constant in an RC circuit is found by multiplying the resistance and capacitance,
however complex RC Circuits have multiple resistors or capacitors therefore there is a
different method to find the circuit resistance.

i Circuit
w equivalent
must be
determined
using
existing

vaﬁ s. This o
- starts with - - - - .

_IS’N%H_OT

il
o AR Qrs and
q2vV. — | thevoliage | €1 |R2
T dvider - ==10pF - >56KQ

FIGURE 25 — COMPLEX RC CIRCUIT

When the circuit powers up and the capacitor is not charged it acts as a short circuit therefore the
resistors are in parallel with each other. Therefore, the circuit resistance is a parallel combination of

R1 and R2, by removing the power supply and capacitor this shows that the resistance is a parallel
47K X 56K

combination of both of the resistors as RT = ————— = 25.5K
47K +56K
. Rt~ R2
O A VAVAY —ANN,

47kQ 56kQ

. cct

FIGURE 26 — PARALLEL RESISTORS

" This is a series circuit
-and should be a parallel
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New Equivalent Circuit.

AR I - The equivalent cct should
- -. ; - BoE i E b b B R B B & & a PR - i s ; have a Vs Of652\/ due to
Key = Space Sl the voltage divider.
vt et
:—;1_2‘":::: o o ==10pF

FIGURE 27 — ComPLEX RC EQUIVALENT CIRCUIT

Figure 27 shows the new equivalent circuit for the RC circuit. As the new resistance is found the time
constants and transient periods can also be found;

T=Rp%xC
T = 25.5k x 10 x107°
T = 0.255s (1T)

As the time constant has been calculated, the transient period for the capacitor charging is
calculated:

5T=5xT
5T =5 x 0.255s These are correct

5T = 1.275s
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Now that all of the needed values to calculate the maximum voltage of the circuit (Vout) can be
calculated with the equation:
R,
Vour = m X Vs
This is the new Vs for the
56,000 equivalent cct

Vour = 47,000 + 56,000y < 12 = 622V

This calculation shows that the maximum voltage that the capacitor charges to is
6.52 V.

To prove that this calculation is correct | compared it with the maximum voltage that
the circuit charges to on multisim below:

File Edit View Graph Trace Cursor Legend Tools Help

BROxBREARGA A QG IARAAO| AP ok BB

Transient] Transient| Transienl:| Transient| Tmnswent] Transient] Transwent] Transient Transient |

Complex Transient Circuit (1)

Transient
o b d
7 A A & ——————d
5 ‘ﬁ,/—/"é"/fﬁ—_/_’ki
— v (2)
a 4 .'
S 3- / x1 0.0000 The graph is
9 i vyl 0.0000 correct
O 2- x2 1.2746
> v2 6.4800
1- dx 1.2746
/ dy €.4800
0¢ dy/dx 5.0840
-1 1/dx ,784.5711m | |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Time (s)
FIGURE 28 — VMAX FOR COMPLEX TRANSIENT EQUIVALENT CIRCUIT

The simulated circuit shows that the maximum voltage during the transient period is 6.48v which is
around 0.04v difference. This discrepancy can be checked to see if the circuit is wrong or there is just
a minor error with the one reading. This discrepancy will be checked by calculating the voltage over
instantaneous times.

A
reas
onab

argu
ment
but
reme
mber
as
you
State
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Voltage Calculations over Instantaneous times

To calculate the voltage over instantaneous times the calculation below is used:

—t
Ve = Vmax (1 - e?)

The instantaneous times over the transient period will be substituted in for -t in the equation. The

times chosen to test are 0.4s, 0.8s and 1.2s.

-0.4
Ve = 652 (1 - 9_0-255) = 5.16v

-0.8

Ve =652 (1 - 90-255) = 6.24v

=1.2

Ve = 652 (1 - e—u.zss) — 6.46v

Calcs are correct

After obtaining the voltage readings of the capacitor from the mathematical
equations they can now be compared to the multisim readings at them instantaneous

times.




Thomas Grennan
PSDE4001 - Assignment 1

Multisim Reading at 0.4s

Complex Transient Circuit (1)

Transient
v -
7
6 ____.er~—~"'_‘”"-_~__
5 /ér Irs
— v(2)
< 41
& 3 x1 0.0000
o y1 0.0000
o 2- x2 400.0000m
> y2 5.1608
1- dx 400.0000m
dy 5.1608
0 dy/dx 12.9019
-1 1/dx 2.5000
0.0 0.2 04 0.6 0.8 1.0 1.2 1
Time (s)

e

FIGURE 29 — CompLEX RC VC AT 0.45

Multisim Reading at 0.8s

Graph is correct

Complex Transient Circuit (1)

Transient
r

7 i 4
6 J a‘______'_d_"__,_—o—'-éb——'_—ﬁ_i
5 /.,.r""‘rf-_ﬂ__ 0
e v(2)
& il ——
> 3. x1 0.0000
T vl 0.0000
S o- ®2 800.0000m
= y2 €.2399
1- dx 800.0000m
dy 6.2399
0¢ dy/dx 7.7999
-1 | . . . 1/dx __1.2500 |
0.0 0.2 04 0.6 0.8 1.0 1.2 14
Time (s)

FIGURE 30 — CompLEX RC VC AT 0.8s

Graph is correct
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Multisim reading at 1.2s

Complex Transient Circuit (1)

Transient
k4 w
; _ﬁ__,d_——&——'_%_ 8
5- / s - Cursor n
S 4 v(2)
v e
& 3 x1 0.0000
= L) vl 0.0000
>° 2 / x2 1.2000
1- y2 6.4649
;/ dx 1.2000
0¢ dy 6.4649
-1 dy/dx 5.3874
- : y ~1/dx 833.3333m
0.0 0.2 0.4 0.6 vy 1.0 1.2
Time (s)

FIGURE 31 — CompPLEX RCVC AT 1.25
Graph is correct

For this circuit 1T should equal 63% of the maximum voltage of 6.52V, this should be 4.11v, as
proved by multisim as at 1T (0.255s) the voltage is 4.11v

Complex' Transient Circuit (1)
Transient Cursor =

V(2)

0.0000
0.0000
255.0000m
4.1142
255.0000m
4.1142
16.1343
3.921¢

S = T & N |

Voltage (V)

0d
-1

0.0 05 1.0 15 20 25 3.0
Time (s)

N

FIGURE 32 — CompLEX RC 1T VOLTAGE Good graph showing 1T result
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Also, at 0.7T (0.1785s) the voltage should be half of maximum voltage of 6.52, this should be 3.26v,
on multisim it shows that it is 3.27V, this could be due to rounding error in the calculation.

Voltage (V)

Complex- Transient Circuit (1)

. Transient
7 v (2)
6- A
T x1 0.0000
5- vl 0.0000
4. x2 178.5000m
\ v2 3.2773
3. N, dx 178.5000m
‘ dy 3.2773
2 dy/dx 18.3600
\ﬁ\l/dx S.6022
14/ ¥
of —
-1 . . .
0.0 0.5 1.0 1.5 20 3.0
Time (s)
FIGURE 33 - COMPLEX RC 0.7T VOLTAGE
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Comparison of Complex RC voltage charge

E
X
Charging Voltage c
Time Calculations e Simulations
0.4s 5.16V / 5.16V
0.8s 6.24V ! 6.24V
1.2s 6.46V e 6.46V
n
t
t

The bar chart and table show how the multisim readings and the calcufations are identical proving
that the circuit reduction technique coincides with the formula.

FIGURE 34 — ComPLEX RC

/
Complex RC Circuit Voltage Charge

o)
7 f
B r
g e
. s
o 4 u
= /
=]
> 3 t
2 S
1
0
04 0.8 1.2

Instantaneous Times

W Multisim (V)  m Calculations (V)

CIRCUIT VC COMPARISON

Analysis chart is
a very good
idea.
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Complex RC Circuit — Current Charge

In order to find the maximum current in the circuit the ohms law equation is used whereby:

Vv
Current = 24
Ry

Therefore, for this circuit the current is calculated:
Calc is correct. The other way to

= 0.255mA calc this is to use the initial current in
the circuit : 12/47K = 0.255mA

The multisim transient shows that the maximum current is 0.253mA, therefore the multisim analysis
has a lower current by 0.002mA which would not affect many things due to it being a miniscule
current, this minor discrepancy is down to the rounding of the Vout value.

Current = m

Fair argument
Grapher View (m} X
File Edit View Graph Trace Cursor Legend Tools Help ‘
BRv>xbRBEEARG A A QAL AARAD| A | xE BB
Transient | Transient | Transient| Transient | Transient | Transient | Transient | Transient | Transient| Transient | Transient Transient |
Complex Transient Circuit (1)
- Transient .
300p I(C1)
250p
. 1 0.0000
__200p - Graph is correct ;1 0.0000
= x2 1.9526m
= 190m- v2 253.3760p
@ N dx 1.9526m
) < 100p+ - dy 253.3760p
Q ' dy/dx 129.7647m
50p - y 1/dx 512.1429
Op 4 ‘ A . .
-50p
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
Time (s)
Ic1
Hzl )
Selected Trace:l(C1) | Selected Cursor: 2 |
FIGURE 35 — COMPLEX RC CURRENT MAX Good graph
with

Figure 35 shows that the circuits current decreases rapidlg)ypaoai¥oand 0.7s where it begins to level
out as the capacitor charges. As the capacitor initially acts like a short circuit as the current wants to
take the path of least resistance to flow to ground. After the transient period and the capacitor has
charged current flow will fall to near 0 amps.
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Current Charge at 0.2s: 0.116mA

Grapher View a X
File Edit View Graph Trace Cursor Legend Tools Help
SRUxbbeEOMG A AQQLARE0 A nk[BE
Transient | Transient | Transient | Transient | Transient | Transient | Transient | Transient | Transient | Transient Tfaﬂﬂ@nt] (]
Complex Transient Circuit (1) -
Transient et
- -
300p
x1 0.0000
250p -*,\ vyl 0.0000
\ %2 200.0000m
__200p- v2 116.8064n
< b dx 200.0000m
& 1508 \ Graph is correct ¥ 116.8064p
o L dy/dx 584.0319p
£ 100p- ~a_ 1/dx 5.0000
' 3 -
50u -
B HH_‘“"‘—-—A—\_
Op s e
-50p
0.0 02 0.4 0.6 08 1.0 12 14
Time (s)
)Zcn
Legend
FIGURE 36 — CoMPLEX RC |C CHARGE AT 0.25
Current charge at 0.6s: 0.024mA
Grapher View O =
File Edit View Graph Trace Cursor Legend Tools Help
BRHO>xB2REBEORG A AQQAIAVARAD[A P B BB
Transient] Translent[ Trans\entl Transient | Transientl Tmnslentl Transient| Transient[ Transient | Transient Transient I [+]*]
Complex Transient Circuit (1) cvor
Transient ik
¥ h
= x1 0.0000
250p 'Y vl 0.0000
\ x2 €00.0000m
_.200p- N y2 24.3699p
< dx 600.0000m
= 150p- Graph is corfect dy 24.3699n
o dy/dx 40.6165p
\ § 100y - 1/dx 1.6667
O
501- i
g &-‘_‘_"‘_‘—‘:I-__
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Op e
-50p
0.0 0.2 04 0.6 0.8 1.0 12 1.4
Time (s)
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IE( )

FIGURE 37- ComPLEX RC IC CHARGE AT 0.65
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Current at 1.0s: 0.00508mA

Cursor n O

I(c1) Cursor Legend Tools Help
x1 0_0000ima|*}\°3vf"|@1@1;x%&®@|ﬁ‘;’”’90=E]-|IB|
vl 0.0000 nsient] Transmnt] Tmnsientl Transient] Tran5|ent| Transientl Transient Transient | 1 | L4
2 1.0000 . ‘ .
v2 <.0ses, Complex Transient Circuit (1)
dx 1.0000 1
e AL Transient -
dy/dx 5.0863n
1/dx 1.0000
1 —
_.200p -
=
= 150p - .
s H Graph is
el -
) 5 100p correct
o
50y - \\N\ﬁ\
Op & \ e S
-50p . ‘ ‘ . . . .
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
1 Time (s)
HEI|(c1)

FIGURE 38 — ComPLEX RC IC CHARGE AT 1.0s
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Current Calculations at Instantaneous times

The current is calculated at instantaneous times of the transient period using the calculation:

-t
Ic = Imax (eT)

-0.2
Jc = 0.255 (e_O-ZSS) =0.116mA
—-0.6
Ic = 0.255 (e—o.zss) = 0.024mA
-1.0

Ic = 0.255 (e—o.zés) — 0.00506mA

Good table of
results for

Charging Cureentarison
Time Calculations Simulations
0.2s 0.116mA 0.116mA
0.6s 0.024mA 0.024mA
1.0s 0.00506mA 0.00508mA

Complex RC Circuit Current Charge

0.14
0.12

01
0.08

0.06 Good method of
0.04 analysis here

0.02 - again.
0 - I E—

0.2 0.6 1

Current (mA)

Instantaneous Times

W Multisim (mA)  ® Calculations (mA)
FIGURE 39 — COMPLEX RC CIRCUIT IC COMPARISON

The comparison shows that the multisim and calculations are identical other than a small
0.00002mA discrepancy between them at 1s. This is down to error in rounding the figures. These
currents should be the same for the discharging current just in positive as the discharging current is
in integers which are negative.
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Voltage discharge of a complex RC Circuit

When the capacitor has fully charged, the circuit can then be switched over in order for the
capacitor to discharge, the capacitor will discharge to ground. Under discharging conditions, the
capacitors voltage and current will act in the opposite way of the charging state. The current will

increase and the voltage will decrease.

s1

32

R
[

....... ' Key = Space

c1

== 10pF

FiGURE 10 — CompLEX RC CIRCUIT DISCHARGE

The maximum voltage that the capacitor could charge to was 6.52v, this was due to the voltage drop

divider

across the resistor which prevented the capacitors ability to charge up to the full supply voltage.
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The graph results
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are correct which
suggest you used
the correct Vs for

Discharge at 0.2s—2.9V the analysis. This
looks like an
Complex Traasient€ireuit cusor E
- Transient AL,
?V b comprehensive 4
6- understanding of x1
the subject. vl
] 2 1.4750
_ . Graph is correct with correct ﬁz 2.9628
2 4 value dx
[0} dy
1 _g’ 3 \ dy/dx
' 5 2- Y 1/dx
o
1 | \\HX
0- = 4 =
|
1.2 1.4 1.6 1.8 2.0 22 24 26 |
Time (s) '

FIGURE 11 = CompLEX RC CIrRcuIT VC DISCHARGE AT 0.25

Discharge at 0.6s —0.618V

Complex Transient Circuit
| . Trangjent Cursor [ |
7 ’ v(2)
6 o
xl
51 Correct graph and valug vyl
= il x2 1.8750
“‘; yv2 618.4742m
1 o3 dx
" £ . dy
o 2- S dy/dx
> 1 é\*\‘_‘ 1/dx
] o
M'_——ﬁ:———ﬂ._ -
0 5 = & &
- _1 T T T T T T T 1
1.2 1.4 1.6 1.8 20 2.2 24 2.6
Time (s) ‘

FIGURE 42 — ComPLEX RC CIRCUIT VC DISCHARGE AT 0.65
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Discharge at 1.0s —0.129V

Complex Transient Circuit f,.ﬁ TR
Transient .
h'4 .
7 5 dy/dx
61 \ 1/dx
5- N\ .
S 4 by
o ) Correct graph
E’ : \A\ and value
g 21 "‘i‘“x____r_
0- T A 4a 4 -
-1 . . i . i . ‘ i
1.2 14 1.6 18 20 2.2 24 2.6
Time (s)

FIGURE 43 — CompLEX RC CircuiT VC DISCHARGE AT 1.0s

Instantaneous Voltage discharge calculations

=0.
Ve = 652 (9—0 zss) = 2,975V

-0.6 Calcs are correct
Ve =652 (9_0-255) = 0.619V

-1.0
Ve = 652 (e—o.zss) = 0.120V

For these calculations there are minor discrepancies between the multisim readings and the
calculated readings, this will be down to the rounding of the calculations.
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Comparison of Multisim and Mathematical Formula

Excellent table of values for comparison

Discharging Voltage
Time Calculations Simulations
0.2s 2.975V 2.96V
0.6s 0.619V 0.618V
1.0s 0.129V 0.129Vv

Complex RC Circuit Voltage Disharge

3.5
3
.25
=
gJa 2
215 Good to see this
>0 method is
1 .
consistent
0.5 . - throughout the
0 — — analysis.
0.2 0.6 1

Times (S)

B Multisim (V)  m Calculations (V)

FIGURE 44 — CompLEX RC CIRCUIT VOLTAGE DISCHARGE COMPARISON

The comparison table and graph show how the mathematical calculations were slightly higher than
the readings obtained from the multisim simulation. These discrepancies are because of rounding

errors of the formulas.
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Current discharge of a complex RC Circuit

When the capacitor is discharging the current is negative. This is due to the path it takes to ground
as it flows through both of the resistors, therefore, the discharge current readings will be in -mA.

Current discharge at 0.2s

Complex Transient Circuit

Transient
k' 4 -
50p
Op - o “ -
e
. 90 - &F__/*’"f Cursor n
< 1(Cc1)
— -100p - / E—— S e—
S R /‘" Correct graph and values
":C, -150p - vl
ki %2 1.4755
H v2 -115.7268n
] dx
250 =
-300p : . : . dy/dx ]
12 14 16 18 2.0 Lids Ze J
Time (s)

FIGURE 45 — COMPLEX RC CIRCUIT CURRENT DISCHARGE

Current discharge at 0.6s
Complex Transient Circuit
. Transignt
50p
Op - o .
ﬁ,-——*—&f_—__ﬁﬁ—_
. -50|.l 4 '&'____,-f’
< //" I(C1)
E -1 UOI.I 1 /1'-/
[1}]
g -150p - i/ xi
(&) -200u - / Correct graph and values iz 1.8755
H v2 _24.1534p
| dx
-250p o
-300p dy/dx 3
12 14 16 18 2.0 Foge o 26

Time (s)

FIGURE 46 - COMPLEX RC CIRCUIT CURRENT DISCHARGE AT 0.65
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Current discharge at 1.0s

Complex Transient Circuit

Correct graph and values

Y Transient
50p
Op 1 _,_—-‘L'X—__n___ -
d___,.-—-'-_'_'_'_7
_— g
<C _/’-" I
= 10 Op - - Cursor n
S e I(C1)
£ -150p- i
(@] x1
-200p - A
Vi X2 2.2755
-250p- & y2 -5.0452p
-300p gx
/ : . v |
12 14 16 dy/dx 12
1/dx
Emespp——

FIGURE 47- COMPLEX RC CIRCUIT CURRENT DISCHARGE AT 1.05

Instantaneous Current discharge calculations

-
—Ic = Imax (eT)
-0z
0.2s = —Ic = 0.255 (eo.zss) = —116.4mA
=0.6
0.6s = —Ic = 0.255 (em) = —24.2mA

1.0s = —Ic = 0.255 (e—o.z'ss) = —5.05mA

24

Calcs are correct
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Current discharge comparisons

Excellent table of

comparison

results for

Discharging Current
Time Calculations Simulations
0.2s -0.116mA -0.116mA
0.6s -0.24mA -0.24mA
1.0s -5.05mA -5.05mA

Complex RC Circuit current Disharge

Time (S)

W Multisim (mA)  m Calculations (mA)

FIGURE 48 — COMPLEX CIRCUIT CURRENT DISCHARGE COMPARISON

1

Good chart for
analysis

For 0.2s and 0.6s the negative current values are the same for the charging current but in a negative
form as the discharging of the capacitor puts turns the current into a negative integer. However, the
readings for 1 second were minorly different, this could be due to rounding incorrectly or from the

cursor on multisim being out by a small margin.

There is no explanation or calculation to explain initial and final
current values in the circuit. Initial current is: 12V / 47k =
0.255mA because the capacitor acts like a short circuit and
bypasses R2. Final value: 12V / (47k + 56k) = 116uA due to

the capacitor now acting as an open cct.
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5. Transient Behaviour for the Inductive Circuit

An inductive circuit is one which includes an inductor, an inductor is a component constructed of a
coil of wire wrapped around a core, this core could be a magnet or just air. Transient analysis can also
be used on resistor inductor circuits, the circuit that will be analysed has a 12v power supply, a 10Q
and an inductor rated at 2 Henry's.

AN~
N 10Q
Good intro to task
| vs L1
—12v 52"'
:
L

FIGURE 49 — RL CirCuIT

The time constant for the circuit is used using the equation:

Therefore, for this circuit the resistor and inductor values will be substituted into the equation:

_2H
~ 100

T =0.2s
The circuits transient period is found using the equation:
Correct calcs
Transient Period =5xT = 1s

After the transient period has passed, the circuits current will be at the maximum, this current can be
determined before the circuit has been built using the equation:

R 100 ’ Imax is identified
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Charging Transient of an RL Circuit.

The circuit was built on multisim and the circuits transient for voltage and current charge was
taken and monitored over the transient period. During the charging period the switch is
closed between the power source and the resistor completing the circuit.

God testing methods shown
here with pulsed Vs and

L1 masking

12m

FIGURE 50 — RL CIRCUIT WITH SWITCH
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Calculated Results

In order to calculate the growth in current across the inductor the equation is used:

-t
I, = Iyax(1—eT)

.
a
b
Time (s) Equation Current (A)
=10
0.2 L=120-e2x02) | & 0738
-10 f
0.4 L =120 e voay | o 103764
-10
L L=120-e2x06) | ; 14034
-10
0.8 L = 1201 — e 2% 08) 1.17804
—-10
1.0 L= 12— 10) 1.19194

Q 00 QN T O < ®”® T ®OC T <Q P oo™ c |
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Plotted Results

The mathematical equations were then placed into a table on excel and a graph was plotted from the

figures:

RL Circuit Charge
Time (s) Current (A)

0 0
0.2 0.7585
0.4 1.0376
0.6 1.1403
0.8 1.178

1 1.1919

FIGURE 51 — RL CIrcUIT FIGURE TABLE

Current Charge for an RL Circuit

14

1.2

0.7585

0.3
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1.1402 1178 1.1519
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FIGURE 52 = RL CIRCUIT CURRENT CHARGE GRAPH

ue
S
sh
owi
ng
tre

This graph is plotted with the figures obtained from the calcdi'é{ions, the shape of the curve

is very similar as the one seen in figure 52, however it is more staggered as there are less

points in the graph.

Fair argument
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Multisim Results

Figure 53 shows the transient analysis for the current charge for the RL circuit. The circuit
starts off at OA at Os and rises to just below Imax (1.1919a) at 1.0s. In an RL circuit the current
increases as the voltage decreases. Calculations and Simulations will be tested to check their
credibility

RL Transient Circuit
- Transient
14
1.2+ PR . & .
,_————H_
1.0 P
< 038" ol
ﬁ 0‘6- /
3 04 Good graph of
0.2 A transient
0.0
02 . .
0.0 0.2 0.4 0.6 0.8 1.0
Time (s)

FIGURE 53 — RL CIRCUIT TRANSIENT

Current at 0.2s = 0.758A

RL Transient Circuit

Transient
- wr
14
12- ) "
__ﬁf_ﬂé
— b il Cursor n
< 08- /
— v I(L1)
— ,{ T
g 06- d
= x1 200.0000m
)8 04- vl 758.5831m
02 - x2 0.0000
: y2 0.0000
0.0¢ dx -200.0000m
02 dy -758.5831m
e d . ~dy/dx 3.7929 —
0.0 0.2 0.4 0.41/dx -5.0000 1.0
Time (s)
IiL1)
Y L.

FIGURE 54 — RL CIRCUIT TRANSIENT AT 0.25
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Current at 0.4s =1.0377A

Current Charge Transient |

RL Transient Circuit
Tvransient

hid
14
12- P -
__—4>—"5"_~_F_-a
1.0- T -
< 08- I(L1)
S 06-
= , x1 400.0000m
?8 04- v 1.0377
X2 0.0000
02- v2 0.0000
00¢" dx -400.0000m
0‘2 dy -1.0377
te | . dy/dx 2.5944
0.0 0.2 0.4 0.41/dx -2.5000 1.0
Time (s)
EI(U]
FIGURE 55 — RL CIRCUIT TRANSIENT AT 0.45
Current at 0.6s = 1.1404A
RL Transient Circuit
. Transient
1.4
12/ e
1o s B
@ 0.8- T I(z1)
=
@ 06 / x1 600.0000m
'S 04- : vl 1.1404
&} x2 0.0000
02- v2 0.0000
dx —600.0000m
0.0 dy ~1.1404
-0.2 dy/dx 1.%006
; " - 1/dx —-1.6667
0.0 0.2 0.4 0.6 Uy 1.0
Time (s)
HZI(LU

FIGURE 56 — RL CIRCUIT TRANSIENT AT 0.65
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Current at 0.8s =1.1781A

RL Transient Circuit

14
12-

el
1.0-
@ 08- Cursor n

Transient

et P> I(L1)
T 06- ¢
5 04- x1 800.0000m
'3 vl 1.1781
02- x2 0.0000
v2 0.0000
0.0 dx —-800.0000m
-0.2 dy -1.1781
' "~ dy/dx 1.4726 '
0.0 0.2 04 Ve 12500 | 08 1.0
Time (s)
HZI(U)
FIGURE 57 — RL CIRCUIT TRANSIENT AT 0.8s
Currentat 1.0s —1.1919A
RL Transient Circuit
Transient -
14
12
10-
< 08-
o I(Ll)
$ 06-
} S 04- x1 1000.0000m
o Vel 1.1919
02- x2 0.0000
v2 0.0000
0.0 dx -1000.0000m
0.2 dy -1.1919
dy/dx 1.1919
0.0 0.2 04 7 1 o000 | 08 1.0
Time (s)
HZI(U)

FIGURE 58 — RL CIRCUIT TRANSIENT AT 1.0s

Graph
s and
values
are all
correct
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After carrying out the approximate method of calculation and then comparing my values
with the multisim values it shows that both methods of obtaining the current value are very
accurate as there is only one minor discrepancy at 0.6s whereby the calculated current is
lower than the multisim reading, however this is miniscule at 0.014A. The graph below
shows that both methods give identical outcomes.

Time Charge (Calculations) [Charge ( Multisim)

0.2s 0.7585 0.758

0.4s 1.0376 1.038 Good table of results for
0.6 1.1403 1.1404|  comparison

0.8s 1.178 1.178

1.0s 1.1919 1.1919

FIGURE 59 — COMPARISON TABLE OF RL CHARGE

Current Charge Comparison

Good method
I I for analysis
0.2s

0.4s 0.65 0.8s 1.0s
Intervals of transient period (Seconds)

Current (Amps)
o o o o -
o N B & B oR N

M Charge (Calculations)  ® Charge { Multisim)

FIGURE 60 — RL CURRENT CHARGE COMPARISON TABLE
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In order to calculate the time that it takes for the current to fall to a certain time the following equation is
used:

—t
I, = Iyax(eT)

However, this equation has to be rearranged in order to make the equations subject ‘t’, this is done by
replacing ‘e’ with log rules:

I =t
= (e T)
IM:".X
J—
In(——) = =
IMAX T

-t=T[1n( L )]

Imax

In order to find the time taken for the circuit to elapse to 100mA and 10mA these figures and the
values of I} and Iy, are substituted into the equation

100mA:
= Iy,
t=T[n (rm)]
t=0.2[n (%)] = -0.496981329s
t = 0.497 seconds
Calcs are correct
10mA:

t=Tn(-L)]

Tmax

t=0.2[n (“’"“"3) = -0.9574983s

1.2
t = 0.957 seconds

These equations credibility can now be proved on the multisim circuit:
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10mA: 0.956seconds

FIGURE 61 — CURRENT FALLEN TO 10MmA

100mA: 0.495seconds

RL Transient Circuit

RL Tranciamt Mirmsnid
Y I(L1) <
14
12
[y xl 1.0000 )
10+ vl 1.1919 Graph is correct
< ps- x2 1.9556
— a8 \ v2 10.0000m
S 06- . dx 955.5802m
5 \\?,\ dy -1.18189
)U 04 - — dy/dx -1.2369
0.2 - A 1/dx 1.0465
‘5_ .
0.0 - 4 . .
02
10 12 14 16 18 20
Time (s)
P i )]

2 Cursor n
- Transignt _—
14
‘| -
2% x1 1.0000
1.0 - vl 1.1919
= Graph is correct x2 1.4954
% 08- v2 100.0000m
S 06- dx 495.449Em
£ dy -1.0919
b3 04- E dy/dx -2.2040
Tl
02 - —— 1/dx 2.0184
— . 0
00 - 2 e
02
1.0 12 14 16 18 2.0
Time (s)

FIGURE 62 — CURRENT FALLEN TO 100mA

Figures 61 and 61 show the multisim simulation of the circuits elapsing to 10mA and 100mA. There
are minor discrepancies of 0.001 second due to the rounding of the equation.

Fair argument
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6. Conclusion

This
From this assignment great knowledge was gained into electrinalgisguiits and the transient response
that these circuits have to different components. Knowledgéswas! gained of RC circuits, a complex
resistor capacitor circuit whereby the resistors were in paraliélagith@ach other and a resistor
inductor circuit.

The circuits were tested during their charging and discharging periods, in order to analyse how the
voltage and current reacted in the different circuits with different components.

All of the obtained results were compared and contrasted highlighting the errors and discrepancies
from the practical task including component value errors and human errors when rounding figures
and writing down the readings from the meter as this wasn’t calibrated and the component
tolerances will also affect the results in essence proving that simulations and calculations are the
best way to obtain reliable answers. In order to have fully reliable results in future when using
mathematical formula the full number should be used not just up to 2d.p.

This
should be
divided
into 2
paragraph
s with
shorter
sentences.
However
the points
made are
valid.
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GRADEMARK REPORT

FINAL GRADE

81 /100

GENERAL COMMENTS

Instructor

PAGE 1
PAGE 2
PAGE 3

Text Comment. Good table of contents and list of figures
PAGE 4

Text Comment. Introduction is short but to the point.
PAGE 5

Text Comment. Significant point identifed

Text Comment. Explanation is good but could have rounded it all in a single paragraph.
PAGE 6

Text Comment. Good image and intro to practical
PAGE 7

Text Comment. good table of results
PAGE 8

Text Comment.

Text Comment.

Good graph with values

Good graph with values



Text Comment.

Explanations are good and include the significant points 0.7T and 1T.

PAGE 9
Text Comment. Graph is clear and values are correct
Text Comment. Graph and value is correct
PAGE 10
Text Comment. graph is correct
Text Comment. Good graph of results
PAGE 11
Text Comment. Graph is correct
Text Comment. Good graph
PAGE 12
PAGE 13
Text Comment. Excellent table of results with explanation.
Text Comment. Good analysis representation graph. This explains better than text.
Text Comment. Excellent representation for analysis. This is a better method than just
text.
PAGE 14
Text Comment. Good explanation and good results
Text Comment. Current rises exponentially to zero.
PAGE 15

Text Comment.

Text Comment.

Good graph with results

Good points identified here



Text Comment. Good graph with results with a good explanation including the significant
points

PAGE 16
Text Comment. Good graph which demonstrates a good understanding of test
procedures.
Text Comment. Graphs are excellent with clear values

PAGE 17
Text Comment. Good graphs showing accurate values

PAGE 18

PAGE 19
Text Comment. Excellent table of values and calcs match the sim values
Text Comment. Good explanation and arguments for discrepancies
Text Comment. The charts are an excellent method for analysis and are much better than
text alone.

PAGE 20
Text Comment. Circuit equivalent must be determined using existing values. This starts
with isolation of resistors and then finding the voltage divider.
Text Comment. This is a series circuit and should be a parallel cct

PAGE 21
Text Comment. The equivalent cct should have a Vs of 6.52V due to the voltage divider.
Text Comment. These are correct

PAGE 22

Text Comment. This is the new Vs for the equivalent cct

Text Comment. The graph is correct



Text Comment. A reasonable argument but remember as you stated earlier the max
growth will reach appx 98%

PAGE 23

Text Comment. Calcs are correct
PAGE 24

Text Comment. Graph is correct

Text Comment. Graph is correct
PAGE 25

Text Comment. Graph is correct

Text Comment. Good graph showing 1T result
PAGE 26

Text Comment. Good graph showing 0.7T
PAGE 27

Text Comment. Excellent table of results

Text Comment. Analysis chart is a very good idea.
PAGE 28

PAGE 29

Text Comment. Calcis correct. The other way to calc this is to use the initial current in the
circuit : 12/47K = 0.255mA

Text Comment. Fair argument

Text Comment. Graphis correct

Text Comment. Good graph with explanation




Text Comment. Graph is correct

Text Comment. Graph is correct

PAGE 30
Text Comment. Graph is correct
PAGE 31
Text Comment. Good table of results for comparison
Text Comment. Good method of analysis here again.
PAGE 32
Text Comment. The Vs here should be 6.52v due to the voltage divider
PAGE 33
Text Comment. The graph results are correct which suggest you used the correct Vs for
the analysis. This looks like an oversight here due to your comprehensive understanding of the
subject.
Text Comment. Graph is correct with correct value
Text Comment. Correct graph and value
PAGE 34
Text Comment. Correct graph and value
Text Comment. Calcs are correct
PAGE 35

PAGE 36

Text Comment. Excellent table of values for comparison

Text Comment. Good to see this method is consistent throughout the analysis.




Text Comment.

Text Comment.

Correct graph and values

Correct graph and values

PAGE 37
Text Comment. Correct graph and values
Text Comment. Calcs are correct
PAGE 38
Text Comment. Excellent table of results for comparison
Text Comment. Good chart for analysis
Text Comment. There is no explanation or calculation to explain initial and final current
values in the circuit. Initial current is: 12V / 47k = 0.255mA because the capacitor acts like a
short circuit and bypasses R2. Final value: 12V / (47k + 56k) = 116uA due to the capacitor now
acting as an open cct.
PAGE 39
Text Comment. Good intro to task
Text Comment. Correct calcs
Text Comment. imax is identified
PAGE 40
Text Comment. God testing methods shown here with pulsed Vs and masking
PAGE 41
Text Comment. Table of calculated values is very good
PAGE 42

Text Comment.

Text Comment.

Good graph of calculated values showing trend

Fair argument



PAGE 43

Text Comment.

Good graph of transient

PAGE 44
PAGE 45
Text Comment. Graphs and values are all correct
PAGE 46
Text Comment. Good table of results for comparison
Text Comment. Good method for analysis
PAGE 47
Text Comment. Calcs are correct
PAGE 48
Text Comment. Graph is correct
Text Comment. Graph is correct
Text Comment. Fair argument
PAGE 49

Text Comment.

Text Comment

This paragraph is not necessary

. This should be divided into 2 paragraphs with shorter sentences. However

the points made are valid.
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RESEARCH-INFORMED LITERATURE

[

y"’ N/a

KNOWLEDGE AND UNDERSTANDING

[

y‘ Intro to practical and assessment topic area was

good and showed a good comprehensive
understanding. A good intro was given to each task.
8/10 Results and discussion were good and good
points were identified. There were some minor
errors which have been highlighted and a minor
missing section in task 3. 12/15

ANALYSIS

20/25

(

y‘ Testing was carried out with explanations and good

methods used. A minor part of task 3 is missing but
all other parts are covered in full. Inventive methods
of analysis used showing initiative. 25/30 Good
conclusions given throughout report and at the end.
7/10

PRACTICAL APPLICATION AND DEP.

32/40

[

y‘ Circuit testing was carried out competently and the

results were obtained effectively. Minor part of task
3 was missing. 12.5/15 The quality of the results
were exceptional despite a missing minor part and

21/25



included good quality explanations. Methods of
testing showed a good understanding of the tasks.
8.5/10

SKILLS FOR PROFESSIONAL PRAC.

[

I‘ Quality of report was exceptional in parts and very 8/1 0
good overall. 8.10
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