
AEEE525 Midterm No 1 Reading Instructions 

 

The test will be conducted on the 10th of January 2018. It will only include 27 Examples 
from the Hughes book from the following chapters: 
 

1. Chapter 6 on Electromagnetism, Examples 6.1-6.4. 
2. Chapter 7 on Simple Magnetic Circuits, Examples 7.1-7.4. 
3. Chapter 33 on Introduction to Machine Theory, Examples 33.1-33.3. 
4. Chapter 36 on Induction Motors, Examples 36.1-36.5. 
5. Chapter 39 on Direct Current Machines, Examples 39.1-39.3. 
6. Chapter 40 on Direct Current Motors, Examples 40.1-40.9. 

 
 

A) CHAPTER 6  

Example 6.1: A conductor carries a current of 800 A at right angles to a magnetic field having a 
density of 0.5 T. Calculate the force on the conductor in newtons per metre length. 

Solution: 

 

Example 6.2: A rectangular coil measuring 200 mm by 100mm is mounted such that it can be 
rotated about the midpoints of the 100 mm sides. The axis of rotation is at right angles to a 
magnetic field of uniform flux density 0.05 T. Calculate the flux in the coil for the following 
conditions:  

(a) the maximum flux through the coil and the position at which it occurs; 

(b) the flux through the coil when the 10 mm sides are inclined at 45° to the direction of the flux 
(see Fig. 1) 

 

Figure 1:  

Solution: 
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Example 6.3: Calculate the e.m.f. generated in the axle of a car travelling at 80 km/h, assuming 
the length of the axle to be 2m and the vertical component of the earth’s magnetic field to be 4 
µT (microteslas). 

Solution: 

 

 

Example 6.4: A magnetic flux of 400 µWb passing through a coil of 1200 turns is reversed in 0.1 s. 
Calculate the average value of the e.m.f. induced in the coil. 

Solution: 

 

B) CHAPTER 7 

Example 7.1: A coil of 200 turns is wound uniformly over a wooden ring having a mean 
circumference of 600 mm and a uniform cross-sectional area of 500 mm2. If the current through 
the coil is 4.0 A, calculate: 

(a) the magnetic field strength. 

(b) the flux density. 

(c) the total flux. 

 

Solution: 
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Example 7.2: Calculate the magnetomotive force required to produce a flux of 0.015 Wb across 
an airgap 2.5 mm long, having an effective area of 200 cm2. 

 

Solution: 

 

 

Example 7.3: A mild-steel ring having a cross-sectional area of 500 mm2 and a mean circumference 
of 400 mm has a coil of 200 turns wound uniformly around it. Calculate: 

(a) the reluctance of the ring;  

(b) the current required to produce a flux of 80 µWb in the ring. 

 

Solution 
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Example 7.4: A magnetic circuit comprises three parts in series, each of uniform cross-sectional 
area (c.s.a.). They are:  

(a) a length of 80mm and c.s.a. 50 mm2,  

(b) a length of 60 mm and c.s.a. 90 mm2,  

(c) an airgap of length 0.5 mm and c.s.a. 150 mm2.  

A coil of 4000 turns is wound on part (b), and the flux density in the airgap is 0.30 T. Assuming 
that all the flux passes through the given circuit, and that the relative permeability µr is 1300, 
estimate the coil current to produce such a flux density. 

Solution 
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C) CHAPTER 33 

Example 33.1: An electromagnet is made using a horseshoe core as shown in Fig. 2 below. The 
core has an effective length of 600 mm and a cross-sectional area of 500 mm2. A rectangular block 
of steel is held by the electromagnet’s force of alignment and a force of 20N is required to free it. 
The magnetic circuit through the block is 200 mm long and the effective cross-sectional area is 
again 500 mm2. The relative permeability of both core and block is 700. If the magnet is energized 
by a coil of 100 turns, estimate the coil current. 

 

Fig. Electromagnet configuration 

Solution: 
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Example 33.2: The poles of an electromagnet are shown in Fig. below relative to a steel bar. If the 
effects of leakage flux may be neglected, estimate the forces of alignment that act laterally on the 
steel bar due to each pole. 

 

 

Fig. Electromagnet configuration 

 

Solution: 

 

Example 33.3: A solenoid relay shown in Fig. below is operated from a 110 V d.c. supply and the 
5000-turn coil resistance is 5.5 kΩ. The core diameter of the relay is 20 mm and the gap length is 
1.5 mm, the armature being stationary. The gap faces may be taken as parallel and the 
permeability of the ferromagnetic parts as very high. Estimate:  

(a) the gap flux density. 

(b) the coil inductance; 

(c) the pull on the armature. 
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Fig. Solenoid relay configuration 

Solution: 

 

 

D) CHAPTER 36 

Example 36.1: A three-phase induction motor is wound for four poles and is supplied from a 50 
Hz system. Calculate: 

(a) the synchronous speed; 

(b) the speed of the rotor when the slip is 4 per cent; 

(c) the rotor frequency when the speed of the rotor is 600 r/min. 

Solution: 
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Example 36.2: The stator winding of a 4 pole, three-phase induction supplied by 50 Hz is delta-
connected with 240 conductors per phase and the rotor winding is star-connected with 48 
conductors per phase. The rotor winding has a resistance of 0.013 Ω/ph and a leakage reactance 
of 0.048 Ω/ph at standstill. The supply voltage is 400 V. Calculate: 

(a) the rotor e.m.f. per phase at standstill with the rotor on open-circuit; 

(b) the rotor e.m.f. and current per phase at 4 per cent slip; 

(c) the phase difference between the rotor e.m.f. and current for a slip of:  

(i) 4 per cent and (ii) 100 per cent.  

Assume the impedance of the stator winding to be negligible. 

Solution: 
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Example 36.3: The per-phase parameters of the equivalent circuit for a 400 V, 33 kW, 60 Hz, three-
phase, star-connected, four-pole, 1755 r/min induction motor are: R1 = 0.2 Ω, X1 = j0.5 Ω, Xm = j20 
Ω, Rʹ2=0.1 Ω, Xʹ2 = 0.2 Ω. If the mechanical losses (windage and friction) are 650 W and iron losses 
are 300 W, determine the following when the motor operates at full load at rated speed:  

(a) the synchronous speed; 

(b) the slip; 

(c) the input current and power factor; 

(d) the input power; 

(e) the useful mechanical output power; 

(f) the output torque; 

(g) the efficiency of the motor. 

 

Solution: 

 



 



 

 

Example 36.4: The 415 V, three-phase, 50 Hz, star-connected induction motor with an equivalent 
circuit shown below in Fig. 1 has the following per-phase equivalent circuit parameters: R1 = 1 Ω, 
X1 = 3 Ω, Xm = 60 Ω, Rc = 240 Ω, Rʹ2 = 1 Ω, Xʹ2 = 2 Ω. Using the final per-phase equivalent circuit of 
the machine, calculate the current drawn from the supply, and draw a diagram (as Fig. 2) showing 
the flow of real power through the machine when running with a slip of 5 per cent. The friction 
and windage loss in the machine is 200 W. Calculate the efficiency of the motor. 

 

Fig.1 Equivalent circuit of an induction motor 

 

Fig. 2 Real power flow through an induction motor 

 

Solution: 



 

 



 

Example 36.5: The following measurements shown in Table 1 below were taken on a 5 HP, four-
pole, 208 V, three-phase, 60 Hz, star-connected induction motor. 

Table 1: Four pole, three-phase induction motor measurements  

 No Load (60 Hz) Locked rotor (15 Hz) DC test 
Voltage (V) 208 35 20 
Current (A) 4 12 25 
Three-phase power (W) 250 450  

 

Determine the full per-phase equivalent circuit parameters of the induction motor. 

 

 

 



 

E) CHAPTER 39 

Example 39.1: An eight-pole armature is wound with 480 conductors. The magnetic flux and the 
speed are such that the average e.m.f. generated in each conductor is 2.2 V, and each conductor 
is capable of carrying a full-load current of 100 A. Calculate:  

(a) the terminal voltage on no load; 

(b) the output current on full load  

(c) the total power generated on full load when the armature is:  

(i) lap-connected;  

(ii) wave-connected.  



 

 

Example 39.2: A four-pole wave-connected armature has 51 slots with 12 conductors per slot and 
is driven at 900 r/min. If the useful flux per pole is 25 mWb, calculate the value of the generated 
e.m.f. 

 

Solution:  

 

 

Example 39.3: An eight-pole lap-connected armature, driven at 350 r/min, is required to generate 
260 V. The useful flux per pole is about 0.05 Wb. If the armature has 120 slots, calculate a suitable 
number of conductors per slot. 



 

F) CHAPTER 40 

Example 40.1: The armature of a d.c. machine has a resistance of 0.1 Ω and is connected to a 250 
V supply. Calculate the generated e.m.f. when it is running:  

(a) as a generator giving 80 A; 

(b) as a motor taking 60 A. 

Solution: 

 

Example 40.2: A four-pole motor is fed at 440 V and takes an armature current of 50 A. The 
resistance of the armature circuit is 0.28 Ω. The armature winding is wave-connected with 888 
conductors and the useful flux per pole is 0.023 Wb. Calculate the speed. 

Solution: 

 

 

Example 40.3: A motor runs at 900 r/min off a 460 V supply. Calculate the approximate speed 
when the machine is connected across a 200 V supply. Assume the new flux to be 0.7 of the 
original flux. 

Solution: 



 

Example 40.4: A d.c. motor takes an armature current of 110 A at 480 V. The resistance of the 
armature circuit is 0.2 Ω. The machine has six poles and the armature is lap-connected with 864 
conductors. The flux per pole is 0.05 Wb. Calculate: 

(a) the speed; 

(b) the gross torque developed by the armature. 

Solution: 

 

Example 40.5: The torque required to drive a d.c. generator at 15 r/s is 2 kNm. The core, friction 
and windage losses in the machine are 8.0 kW. Calculate the power generated in the armature 
winding. 

Solution: 

 



Example 40.6: A series motor runs at 600 r/min when taking 110 A from a 250 V supply. The 
resistance of the armature circuit is 0.12 Ω and that of the series winding is 0.03 Ω. The useful flux 
per pole for 120 A is 0.024 Wb and that for 50 A is 0.0155 Wb. Calculate the speed when the 
current has fallen to 50 A. 

Solution: 

 

 

 

 

Example 40.7: A shunt motor is running at 626 r/min (four pole) when taking an armature current 
of 50 A from a 440 V supply. The armature circuit has a resistance of 0.28 Ω. If the flux is suddenly 
reduced by 5 per cent, find:  

(a) the maximum value to which the current increases momentarily and the ratio of the 
corresponding torque to the initial torque; 

(b) the ultimate steady value of the armature current, assuming the torque due to the load to 
remain unaltered. 

Solution: 



 

 

Example 40.8: A shunt motor runs on no load at 700 r/min off a 440 V supply. The resistance of 
the shunt circuit is 240 Ω. The following table gives the relationship between the flux and the 
shunt current.  

Table1: Relationship between flux and shunt current 

Shunt 
Current 
(A) 

0.5 0.75 1.0 1.25 1.5 1.75 2.0 

Flux per 
pole 
(mWb) 

6.0 8.0 9.4 10.2 10.8 11.2 11.5 

 

Calculate the additional resistance required in the shunt circuit to raise the no-load speed to 1000 
r/min. 

Solution: 



 

 

Example 40.9: A shunt motor, supplied at 250V, runs at 900 r/min when the armature current is 
30 A. The resistance of the armature circuit is 0.4 Ω. Calculate the resistance required in series 
with the armature to reduce the speed to 600 r/min, assuming that the armature current is then 
20 A. 

Solution: 

 

 


