Preparation for Midterm Exam
EEEN20090 – Electrical Energy Systems

Preamble
The midterm exam will consist of three sections covering the following topics:
Section A: Phasors and AC Circuits
Section B: Magnetic Circuits
Section C: Transformers
Students will have to answer all questions from the three sections above.
Following questions are similar in terms of topics and difficulty to those that
will be found in the midterm exam papers.
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A. Phasors and AC Circuits
Problem A.1
Find the rms and average value of the waveform of Figure 1.

Figure 1

Problem A.2
Find the average power delivered to a 12 Ω resistor by each of the three periodic
current waveforms displayed in Figure 2.

Problem A.3
Write the equivalent polar form of phases 3 + j4 where the number refer to unit
lengths. Illustrate the phasor by means of a diagram.

Problem A.4
Given the phasors V̄12 = 6∠30◦ , V̄23 = 2∠0◦ , V̄24 = 6∠60◦ , and V̄15 = 4∠90◦ ,
find:
a. V̄14
b. V̄43
c. V̄35

Problem A.5
Find the voltage source necessary to produce the response in 3.
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Figure 2

Problem A.6
Find the input impedance, Z̄, at 60 Hz of the circuit in Figure 4.

Problem A.7
In the circuit shown in Figure 5, determine the current and power dissipated in
each branch.

Problem A.8
Calculate the current, the voltage drops V̄1 , V̄2 , and V̄3 , the power consumed
by each impedance, and the total power taken by the circuit with the constants
shown in Figure 6. The impressed voltage will be taken along the reference axis.
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Figure 3

Figure 4

Problem 9
Three passive loads Z̄1 , Z̄2 , and Z̄3 , are receiving the complex power values
2 + j3, 3 − j1, and 1 + j2 VA, respectively. determine the total complex power
if the three loads are:
a. in series with a voltage source 100∠30◦ V;
b. in parallel with a current source 1, 200∠17◦ A.

4

Figure 5

Figure 6
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B. Magnetic Circuits
Problem B.1
Figure 7 shows a toroidal core consisting of two different magnetic materials.
Find the reluctance of the circuit.

Figure 7

Problem B.2
Consider a transformer core that has a nonuniform cross section as shown in
Figure 8 and assume that the core is made of annealed sheet steel laminations.
Find the number of ampere-turns that are required to establish a flux of 0.0006
Wb.

Problem B.3
An air-core toroid has 500 turns, a cross-sectional area of 6 cm2 , a mean radius
of 15 cm, and a coil current of 4 A. Find the magnetic field of this toroidal coil
using flux densities and check by Ampere’s law.

Problem B.4
Calculate the mutual inductance of the coils of Figure 10, assuming a ferromagnetic core with a relative permeability of 5, 000. The flux φ1 of the left leg from
a to b has a mean path length of one meter, and so does the flux φ3 of the
right leg. The length of the center leg from a to b is 0.4 m. Each path has a
cross-sectional area of 0.01 m2 , and leakage flux is negligible.

Problem B.5
For the iron core equivalent magnetic circuit shown in Figure 10:
a. Determine the reluctance values and show the magnetic circuit, assuming
that µ = 3, 000µ0 .
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Figure 8

b. Determine the total reluctance of the device.
Hint: µ0 = 4 · π · 10−7 H/m.

Problem B.6
For the iron core equivalent magnetic circuit shown in Figure 11
a. Find the current I required to establish a flux Φ = 2.4 · 10−4 Wb. Here
area (throughout) = 2 · 10−4 m2 , ℓab = ℓef = 0.05 m, ℓaf = ℓbe = 0.02 m,
ℓbc = ℓde , and the material is sheet steel.
b. Compare the mmf drop across the air gap to that across the rest of the
magnetic circuit. Comment on your results.
Assume µr = 4, 000 for sheet steel. µ0 = 4 · π · 10−7 H/m.
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Figure 9

Figure 10

Problem B.7
For the series-parallel circuit of Figure 12, ℓab = ℓbg = ℓgh = ℓha = 0.2 m,
ℓbc = ℓf g = 0.1 m, ℓcd = ℓle f = 0.099 m, and the material is sheet steel.
a. Draw the magnetic circuit.
b. Find the value of ΦT T if the flux in the air gap is 2 · 10−4 Wb. Assume
µr = 4, 000.

Problem B.8
The iron core shown in Figure 13 has a cross sectional area of A = ℓ2 throughout.
The magnetizing curve is shown in Figure 14.
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Figure 11

Figure 12

a. For an mmf of 3, 000 Ampere-turns estimate the flux density in each section of the iron core.
b. Calculate the maximum mmf such that no part of the core saturates.
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Figure 13

Figure 14
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C. Transformers
Problem C.1
A single phase, 24 kVA, 960 V/240 V transformer gave the following test results
at 50 Hz. For an open circuit test on the low voltage side the measured current
and power were Ioc = 12 A and Poc = 200 W respectively. For a short circuit
test on the high voltage side the measured voltage and power were Vsc = 35 V
and Psc = 300 W respectively.
a. From the open circuit test, determine values for RFe and Xµ referred to
the primary side.
′
′
and Xsc
referred to
b. From the short circuit test, determine values for Rsc
the primary side.

Problem C.2
A 20-kVA, 2200/220 V, 60-Hz, single-phase transformer has the following equivalentcircuit parameters referred to the high-voltage side of the transformer.
The parameters of the transformer are: R1 = 2.51 Ω, R2′ = 3.11 Ω, X1 = 10.9
Ω, X2′ = 10.9 Ω, and Xµ = 25, 100 Ω.
The transformer is supplying 15 kVA at 220 volts and a lagging power factor
of 0.85. Determine the required voltage at the high-voltage terminals of the
transformer.

Problem C.3
A short-circuit test on a 15-kVA, 2400/240 V, 60 Hz transformer yields the
following result: 6.25 A, 131 V, and 214 W. Determine the regulation of the
transformer for a load of 0.8 lagging power factor by means of the approximate
equivalent circuit.

Problem C.4
We require a transformer to deliver current at 24 V from a 120 V rms line source.
How many turns are required in the secondary coil if N1 = 10?

Problem C.5
For the ideal transformer circuit shown in Figure 15, assume that vs = 120 V
rms. Find
a. The total resistance seen by the voltage source.
b. The primary current.
c. The primary power.
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d. The secondary current.
e. The installation efficiency Pload /Psource .

Figure 15

Problem C.6
In many practical transformer circuits the secondary coil is tapped at two different points giving rise to two separate output circuits. The most common
configuration is the centre tapped transformer, which splits the secondary voltage into two equal voltages. Consider a centre-tapped ideal transformer which
has a primary voltage of 4, 800 V and two 120 V secondaries. Three loads R1 ,
R2 and R3 are connected to the transformer as shown in Figure 16. Compute
the primary current, i1 , if the power absorbed by the three loads is as follows,
P1 = 5, 000 W, P2 = 1, 000 W, P3 = 1, 500 W. (Hint: No losses for ideal
transformer).

Figure 16
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Problem C.7
In Figure 7, an ideal transformer is employed to step up voltage at the power
station and step it down again at load with a ratio, N1 : N2 = 1 : 1, 000.
Rline = 2.78·10−6 Ω, Rload = 26.45·10−6 Ω. What is the efficiency improvement
in the circuit by employing these ideal transformers?

Figure 17

Problem C.8
A simplified equivalent circuit for a single phase, 50 Hz, 48 kVA, 2400 V/480 V
transformer is given in Figure 18 where Re = 0.5 Ω, Xe = 0.75 Ω, Xm = 600 Ω
and Rc = 3, 600 Ω.
a. Calculate the current in a 1/(3π) F capacitor connected across the terminals of the low voltage side when rated voltage is applied on the high
voltage side.
b. For an open circuit test on the high voltage side of the transformer estimate
the open circuit current, Ioc and the measured power Poc .
c. For a short circuit test on the low voltage side of the transformer estimate
the short circuit voltage, Vsc and the measured power Psc .

Problem C.9
A single phase, 16.5 MVA, 66 kV/12 kV transformer gave the following test
results at 50 Hz. For an open circuit test on the low voltage side the measured
current and power were Ioc = 30 A and Poc = 65 kW respectively. For a
short circuit test on the high voltage side the measured voltage and power were
Vsc = 5.5 kV and Psc = 100 kW respectively. Find the approximate equivalent
circuit for this transformer applied to the primary side.
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Figure 18

Problem C.10
A simplified equivalent circuit for a single phase, 50 Hz, 19.2 kVA, 480 V/120
V transformer is given in Figure 19 where Re = 0.1 Ω, Xe = 0.2 Ω, Xm = 200
Ω and Rc = 1, 200 Ω.
a. Calculate the current in a 4/(5π) F capacitor connected across the terminals of the low voltage side when rated voltage is applied on the high
voltage side. Comment on the result.
b. For an open circuit test on the high voltage side of the transformer estimate
the open circuit current, Ioc and the measured power Poc .
c. If the frequency is increased to 100 Hz estimate the new measured power
Poc .
d. For a short circuit test on the low voltage side of the transformer estimate
the short circuit voltage, Vsc and the measured power Psc .

Figure 19
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