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Answer the Following Questions

Question 1: [20 Marks]

1. A 6-pole, 230-V, 60-Hz, Y-connected, three-phase induction motor has the following parameters on a
per-phase basis: R1 = 0.5-Q, Rz = 0.25-Q, X1 = 0.75-Q, X> = 0.5-Q, Xm = 100-Q, and Rfe, = 500-Q. The
friction and windage loss are 150-W. Determine the efficiency and shaft torque of the motor at its rated
slip of 2.5%.

2. A 10-hp, 4-pole, 25-Hz, three-phase, wound rotor induction motor is taking 91200 W from the line. Core
loss is 290 W, stator copper loss is 568 W, rotor copper loss in 445 W, friction and windage losses are
100 W. Determine (a) power transferred across air gap; (b) mechanical power in watt developed by
rotor; (c) mechanical power output in watt; (d) efficiency; (e) slip.

Question 2: [20 Marks]

3. The following data were obtained from no-load, and DC tests of a three phase, wye-connected, 40-hp, 60-
Hz, 460-V, design B induction motor whose full load current is 57.8-A. the blocked rotor test was made

at 15-Hz.

Blocked Rotor Test No-Load Test DC-Test
V. =36.2V V=460V Vpc=12V
IL=58 A IL=32.7A Ipc =59 A
PS-Phase =2573.4W P3-Phase =4664.4 W

Determine (a) the machine parameters in ohms/phase, and the combined core, friction, and windage loss.
(b) Express the no-load current as a percent of rated current.

4. The rotor of a 3-phase, 60-Hz, 4-pole induction motor takes 120 kW at 3 Hz. Determine (a) the rotor
speed and (b) the rotor copper losses. (c) If this motor has a stator copper loss of 3 kW, a mechanical loss
of 2 kW, and a stator core loss of 1.7 kW. Calculate the motor output at the shaft and the efficiency.
Neglect rotor core loss.

Question 3: [20 Marks]

5. A 100-hp, three-phase, wye-connected, 60-Hz, 460-V, four-pole, cylindrical-rotor synchronous motor is
operating at rated conditions and 80 percent power-factor leading. The efficiency, excluding field and
stator losses, is 96 percent, and the synchronous reactance is 2.72 Q/phase. Determine (a) developed
torque; (b) armature current; (c) excitation voltage; (d) power angle; (e) maximum torque.

6. A 400-V, 10 hp (7.46 kW), 3-phase synchronous motor has negligible armature resistance and a
synchronous reactance of 10 Q/phase. Determine the minimum current and the corresponding induced
emf for full-load conditions. Assume an efficiency of 85%.
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Question 4: [20 Marks] ....... Short Answer Required.

1
2.
3.
4
5

How does the name of an induction motors is derived?

Classify 3-phase induction motors on the basis of their construction. Which one is generally preferred and why?
Usually, semi-closed slots are preferred is small motors, why?

Why the rotor slots of an induction motor are skewed?

Why the rotor conductors of the squirrel cage rotor are short-circuited in the case of slip-ring induction motors,
the rotor circuit is closed through resistors?

What is slip in an induction motor?

What is the value of slip at start in an induction motor?

If the full load speed of a 3-phase, 50 Hz induction motor is 1460 rpm, what will be its synchronous speed?
How does the supply voltage affect the torque developed by an induction motor?

What is the effect on the slip when the load on an induction motor increases?

. Why the rotor conductors are placed at the outermost periphery of the rotor?

Why the synchronous motor is not self-starting? Or why can’t a synchronous motor start by itself?
What is the speed regulation of a synchronous motor?

What is pull-out torque?

Why a synchronous motor runs only at synchronous speed?

Compare between three-phase induction motors and synchronous motors.

How a synchronous motor can be used as a synchronous condenser?

Why dampers are used in a synchronous motor?

How is a synchronous motor started? Or how a synchronous motor is made self-starting?

Define the term over-excitation and under-excitation with reference to synchronous machines.

Question 5: [10 Marks] ...... Chose the correct answer, and please, Draw Answer Table only for this Part.

[1]

[2]

[3]

[4]
[5]
[6]

[7]
[8]

[9]

A synchronous machine is called as doubly excited machine because
A. It can be over excited B. It has two sets of rotor poles C. Both its rotor and stator are excited D. It needs twice
the normal exciting current
If the field of a synchronous motor is under excited, the power factor will be
A. Lagging B. Leading C. Unity D. More than unity
A synchronous motor connected to infinite bus-bars has at constant full-load, 100 % excitation and unity pf.
On changing the excitation only, the armature current will have
A. Leading pf with under-excitation B. Leading pf with over excitation C. Lagging pf with over excitation D. No
change of pf
The maximum value of torque angle in a synchronous motor is.......degrees electrical
A. 45 B. 90 C. Between 45 and 90 D. Below 60.
The angle between the synchronous rotating stator flux and rotor poles of a synchronous motor is
A. Synchronizing angle B. Torque angle C. Power factor angle D. Slip angle
In a synchronous machine when the rotor speed becomes more than the synchronous speed during hunting, the
damping bars develop
A. Synchronous motor torque B. DC motor torque C. Induction motor torque D. Induction generator torque
When load on a synchronous motor is increased its armature current is increased provided it is
A. Normally excited B. Over excited C. Under-excited D. All of the above
Which of the following statements about a three-phase induction motor are false?
(A) The speed of rotation of the magnetic field is called the synchronous speed (B) A three-phase supply
connected to the rotor produces a rotating magnetic field (C) The rotating magnetic field has a constant speed
and constant magnitude (D) It is essentially a constant speed type machine
(1) Conly (2) B only (3) A only (4) All of the above (5) A and C only.
Which of the following statements is false when referring to a three-phase induction motor?
(A) The synchronous speed is half the supply frequency when it has four poles (B) In a 2-pole machine, the
synchronous speed is equal to the supply frequency (C) If the number of poles is increased, the synchronous
speed is reduced (D) The synchronous speed is inversely proportional to the number of poles
(1) All of the above (2) D only (3) B only (4) None of the above (5) A and C only.

[10] In a three-phase induction motor. Which of the following statements are false?

(A) If the rotor is running at synchronous speed, there is no torque on the rotor (B) If the number of poles on the
stator is doubled, the synchronous speed is halved (C) At no-load, the rotor speed is very nearly equal to the
synchronous speed (D) The direction of rotation of the rotor is opposite to the direction of rotation of the
magnetic field to give maximum current induced in the rotor bars.

(1) A, B,C(2) Conly (3) Bonly (4) Aand C only (5) D only.
Best wishes,
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Question 1: [20 Marks]

1. A6-pole, 230-V, 60-Hz, Y-connected, three-phase induction motor has the following parameters on a
per-phase basis: R1 = 0.5-Q, Rz = 0.25-Q, X1 = 0.75-Q, X2 = 0.5-Q, Xm = 100-Q, and Ry, = 500-Q.
The friction and windage loss is 150-W. Determine the efficiency and shaft torque of the motor at its

rated slip of 2.5%.
® SOLUTION

The synchronous speed of the motor is

(120 x< &l)

- 5 = 120N rpm or w, = 12566 rad/s

M

The per-phase applied voltage is

230
VW, = — = 132791 V
! 3
The effective rotor impedance as referred to the stator is
2 _ Ry e D25 ; _ .
L = palie s Xy = oo + jo.5 = 10 + jO.5 83

The stator winding impedance is
Z, = R, + jX, = 0.5 + jO.75 0}

Since R.. jX,,. and ﬁg are in parallel, we can compute the equivalent impedance

Z, as

) 1_ 1,1 1

Zz. 500 Fatee 10 + 705
= L1902 — jOO15 S

or Z. = 9619 + j1.417 01
Hence, the total input impedance is

Z = oy + Z, = 10.119 4+ j2.167 €}
7 vy
The stator current: I, = = = 12.832/ —1Z2.09° A

The power factor: pf = cos {(12.09°) = 0978 lagging

Power input: P;,, = 3V,I, cos & = 4998.54 W

Stator copper loss: P, = 3ITR, = 246.99 W

E, = V, — I4#Z, = 124.763/ —3.71° V



Core-loss current: I_

ol lg‘h

[

= 0.25/ —3.71° A

—

Magnetization current: I,, = }TE(L = 1.248/ —93.71° A
Excitation current: f,‘, = JF_+ 7, = 1273/ —82.38° A
Hence, the rotor current: I, = I, — I, = 12.461/ —6.59° A

Core loss: P,,, = 3I2R_ = 93.75 W

Air-gap power: P, = P

in — Pece — P, = 4657.8 W
Rotor copper loss: P,., = 3I3R, = 11646 W
Power developed: P; = P, — P, = 454134 W

Power output: P, = P, — 150 = 4391.34 W

Efficiency: ny = L 0.879 or 87.9%
P
=)
Shaft torgue: T, = m“’ - a —Pps]m
- =
4391.34

(1 — 0.025) = 12566 _ -84 N-m
2.

A 10 HP, 4 pole, 25 Hz, 3-phase, wound rotor induction motor is taking 9100 watt from the line.
Core loss is 290 watt, stator copper loss is 568 watt, rotor copper loss in 445 war, friction and
windage losses are 100 watt. Determine; (a) power transferred across air gap; (b)mechanical power
in watt developed by rotor; (c) mechanical power ouwtput in watt; (d) efficiency; (e) slip.

Solution:
Power input to motor or stator = 9100 watt
Power transferred across air gap = Stator input = Stator core loss — Stator copper loss

Q100 =290 = 568 = B242 W (Ans)

Mechanical power developed in rotor = rotor input = Rotor copper loss = 8242 - 445 = 7797
Rotor output = Mechanical power developed — Mechanical loss
= T797 = 100 = 7697 W (Ans.)

Output % 100 = 1697

Motor efficiency Tov—— = 3100
inpu

® 1) = 8458 % (Ans)

) _ Rotor copper loss 445
SUp. S = —ptorinput 8242

= 05399 (Ans)
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Question 2: [20 Marks]
3.

- o-load. blocked-rotor, and IDMC tesgs
i data were obrained from mw = . - . of a
The fo-]lml-':nf. . ted, 40-hp, GO-Hz. A0, design B indection motor whose

rated current is S7.8 A The blocked-rotor test was made at 1.5 H=.

D
Blocked Fotor To=-L.oad
Viame = 362 W Wine = s O W Ve = 12,0 W
Fine = S8.0 A Fhine = 32.7 A e = SO0 A
= 2573.4 W P pmne = G W

3 phasc
(a) Dretermine R,. Xi. Rz, Xa. Xap, and the combined core, frction, and windage loss.

(b) Express the mo-load current as a percent of ratved current.

Soaluwtiory -
{a) Conwverting the AC test data wo cormespanding phase values for a wye-connected

motor,
.
Faras = EJ;_E_' = B5.BOW
FI5.2
VE,L.E = ﬁ = 2200940 W
Ffaras = 58.0 A
I T . §
Pa = ——— = 1554.80 W
S50
L7 = 265 SE1L WV
- 3
frgp. = 3I2.7 A
Determination of &, :
— Vo 120
- s9.0 O.2034 £
s DL 2203
B e = —25 ey D 102 £ /phase
Determination of &o:
Fam s 210940
Zapas = ——— = . = (13503
Tapas 580 3 ot
& _ Peras BS57.8
BRS = g = = 0.2550 {Wphase

I s (S580°

Rz = Rpras — Ry wye = 0:2550 — 0.102 = 0.153 {Wphase
Determination of Xy and X.:
Komis = W Zinis — Raps = W(03603)° — (0.2550° = 0.2545 O

50
xﬂ:ﬂ:.ﬂ:l = _I;xﬂn..l-ﬁ = El:ﬂ_zs‘l—i-] = I.ﬂ'iﬁlﬂ

Fromm Table 510, for a design & machine,

X, = 0.4Xpgroo = 0.4(1.0182) = 0.4073 {L/phase 2
X2 = 0.6Xppeo = 0.6(1.0182) = 0.6109 {1/ phase

Determination of X,
S = Vanfe, = 265.581(32.7) = B6RL_SO VA
Or = WS — Pl = VI(8684.50)0° — (1554 8)° = 854419 var
Lhen B544.19
X, = = = F.93 {1
R (32.7)°
Xy = Xy + Xy = T90 = 04073 + Xy
Ay = T.58 01 /phase
Determination of combined friction, windage, and core loss:
PHLZIMI_*F_FPM-'_P,ﬂh

1554.8 = (32.700.102) + P + Pr.
Peogee + Pr., = 1446 W/phase
1y 32.7
(b Folpy, = 100 = === = 56.
L ST = 36.6%

Nare: The no-load current (exciting current) of a three-phase induction motor is large.,
generally 409% or higher in terms of rated curmment.



4. The rotor of a 3-phase, 60-Hz, 4-pole induction motor takes 120 kW at 3 Hz. Determine (a) the
rotor speed and (b) the rotor copper losses. (c) If this motor has a stator copper loss of 3 kW, a
mechanical loss of 2 kW, and a stator core loss of 1.7 kW. Calculate the motor output at the shaft
and the efficiency. Neglect rotor core loss.

The rotor of a 3-phase, 60-Hz, 4-pole induction motor takes 120 kW at 3 Hz. Determine (a) the
rotor speed and (b) the rotor copper losses.

120,
+ 005 n = % . EZOFO) = 1800 rpm

L3
60 T

{a) § = =

n=(1-sn = - 005)(1800) = 1710 rpm
(b) By (5.15),
rotor copper loss = 5 x (rotor input) = (0.05}(120) = 6 kW

The motor of Problem 5.8 has a stator copper loss of 3 kW, a mechanical loss of 2 kW, and a stator
core loss of 1.7 kW. .Calculate (@) the motor output at the shaft and () the efficiency. Neglect rotor
core loss. ' .

From Problem 5.8, the rotor input is 120 kW and the rotor copper loss is 6 kW,

(a) motor output = 120 - 6 - 2 = 112 kW
) motor input = 120 + 3 + 1.7 = 124.7 kW
efficiency = (qutput =112 89.8%
) ' input 124.7

Question 3: [20 Marks]
5

A 100-hp. three-phase, wye-connected, 60-Hz, 460-WV, four-pole, cylindrical-rotor
synchronous motor is operating at rated conditions and 80 percent power-factor lead-
ing. The efficiency, excluding field and stator losses, is 96 percent, and the synchro-
nous reactance is 2.72 {Mphase. Determine (a) developed torgue; (b) armamre cur-
rent; (<) excitation voltage; (d) power angle; () maximum worque (also called pull-out
torgue).

Solution

L20F 120 X 60
{=a) n, = =

P 4

= LB0O o'min



Tre 5252 - Poesh

Fmosh = 5252 - Toew = n
T _ 5252 » 100M0LSG 204 Tb-ft
R 1RO e
— M =M = OF, 135 WA
by 5=y = Fe 0.96 > 0.80
- s
The power-factor angle is negstive for a leading power Facbor.
f = —cos  'O80 = —3I6BT
5
v = ——— = 2B5.581 WV
a3
Sie = VrIx —. 97—‘;?2.-_’—35.37“ = 265.581,0 x 1%
I* — 121.92,/—36.87° == I, = 121.92/36.87° A
1<) E, = Vy — IjX, = 265.581,/0° — (121.92,/36.877)(2.72,907)
E, = 265.58 — IA1.G2, 126,877
E, = 534.96,//—20_73" = 535/ — 2977V
() 5 = — 20,7
e} Pull-out torgue occurs at & = — 90,
_VJ-EJI' o _EﬁS-Sgl o 534-96 . - _ o
Pin=3-T-mnS=3- 272 sind — 1)
P = 156,700 W
T 5252 - &
P= 5353 >  Temew =T o
T — S252 x 156,700 = &1 Wit
pruall-can 746 < 123200 —_—

6

A 400-V, 10 h.p. (7.46 kW), 3-phase synchronous motor has negligible armature resistance and a
synchronous reactance of 10 Q/phase. Determine the minimum current and the corresponding induced
e.m.f. for full-load conditions. Assume an efficiency of 85%.

Solution. The current is minimum when the power factor is unity
i.e., when cos 0 = 1. The vector diagram is as shown in Fig. 38.42,

B
Motor input = 7460/ 0.85=8775 W ~
-
Motor line current = 8,775/ /3 x 400x1 = 12.67 A 5 63¢I,
Impedance drop = [, X;=10x12.67=126.7V = ] . A
Voltage / phase = 400/ 3 =231V O 231

Question 4: [20 Marks]

(see text book and lecture notes)
0.1. How doesthe name of an induction motors is derived? (PTU)

Ans. The name of an induction motor is derived from the fact that it work on the basic principle of mutual

induction. The current in the rotor conductions is induced by the motion of rotor conductor relative to
the magnetic field produced by the stator currents.

0.2. Classify 3-phase induction motors on the basis of their construction. Which one is generally
preferred and why?

Ans. Threg-phaseinduction motors may be classified as (/) sguirrel cage induction motors and (&) phase
wound or slip-ring induction motor.

Squirrel cage induction motor is generally preferred due toits low construction cost, low maintenance,
high pf, high efficiency, robust construction etc.
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Ans.

0.3.
Ans.

0.4.
Ans.

Usually semi-closed slots are preferred is small motors, why?

In case of semi-closed slots, the reluctance becomes more uniform and improves the power factor of
the motor.

Why the rotor slots of an induction motor are skewed?

Therotor slotsofan induction motor are skewed to reduce humming noise and ensuring quiet running,
reduce magnetic locking and for smooth and uniform torgue.

Why the rotor conductors of the squirrel cage rotor are short-gircuited in the case of slip-ring
induction motors, the rotor circuit is closed through resistors?

In induction motors, torqgue develops by the interaction of stator and rotor fields. The rotor field is
developed only if current flows through the rotor conductors which is only possible if rotor circuit is
closed or short-circuited.

What is slip in an induction motor?
The difference between the synchronous speed of stator revolving field and the rotor speed expressed
as a fraction of synchronous speed is known as a slip in an induction motor.

What isthe value of slip at start in an induction motaor?
1

Ifthe full lnadspeedofa 3-phase, 50Hz induction motoris 1460 rpm, whatwill be itssynechronous
speed?

1500 rpm.

How does the supply voltage affectthe torgue developed by an induction motor?
To VEie, torgue developed varies as the square of the supply voltage.

What is the effect an the slip when the load on an induction motor increases?
When load increases, slip also increases.

Why the rotor conductors are placed at the outermost periphery of the rotor?

This arrangement minimise the rotor reactance X, and increases the maximum torque produced by

the motar, because T o
XE.':

Why the synchronous motor is not self-starting?
ar
Why can't a synchronous motor start by itself?

When 3-phase supplyis given tothestator of a3-phase wound synchronous maotor, 2 revolving field is
set-up in the stator. Simultaneously, OC supply is given to the rotor which excites the poles. Thestator
revolving field tries to drag the rotor poles (or field) along with it but fails to do so due to rotor inertia.

Thus, a synchronous motor is not self-starting or in other words, 2 synchronous motor can't start by
itself.

What is the speed regulation of a synchronous motor?

Speed regulation of 2 synchronous motor is zero, because

Mo load speed-full load speed A, - N, -

Speed regulation = Mo-load speed g

What is pull-out torgue?

Pull-opttorque: The maximumvalue totorgue which 2 synchronous motor can develop at rated voltage
and frequency without lasing synchranism is called pull-out torgue.

Why a synchronous motor runs anly at synchronous speed?

Synchronous motor can run onky 2t synchronous speed because rotor poles are magnetically locked with the
stator revolving field and the these rotor poles are dragoed by the stator revolving field.



8.19 Comparison between Three-phase Synchronous and Induction

Motors

S5e. No. IF’artinuIarﬁ

Synchronous motor

Induction motor

1. Magnetic excitation | A synchronous motor is 2 doubly An induction motor is a singi-
excifed machine. Its armature gxcifed machine. Its stator winding
winding is energised from an AC is energised from an AC source and
source, whereas, its field winding is rotor is excited due to induction.
excited from a DC source

2 Speed It always runs at syncfironous speed | Its speed falls with the increase
and its speed is independent of load. |in load and is always fess than fig

synchronous speed.

3. Starting It is not seif-starting. It has to be run | An induction motor has got salf-
upto synchronous speed by some starting torgue.
means before it can be synchronised
to AC supply.

4, Power factor A synchronous motor can be An induction motor operates at only
operated under wide range of pawer | fagging power factor which becomes
factars, botfh fagging and leading by very poor at light loads.
changing its excitation.

5. Major application It is usuzlly used for power factor An induction motor is used for
carrecfion in addition to supplying ariving mechanical laads anly.
torque to drive mechanical loads.

. Efficiency It is mare efficfentthan induction Its efficiency is fesserthan that of
motor of the same output and asynchronous motor of the same
voltage rating. output and voltage rating.

T Cost Asynchronous motor is castiier The cost of an induction motor is
than an induction motor of the same | fessthan a synchronous motor of the
cutput and voltage rating. same output and voltage rating.

0.2. How a synchronous motor can be used as a synchronous condenser?

Ans. An over-excited synchronous motor draws power at leading power factor, under this condition it can
be used as a synchronous condenser.

0.3. Whydampers are used in a synchronous motor?

Ans. In synchronous motors, dampers are used to suppress the oscillations of the rotor around its find
position.

0.4. How is asynchronous motor started.

ar
How a synchronowus motor is made self-starting?

Ans. Asynchronous motor is not self-starting. It can be started by using either of the following methods:

1. By using an auxifiary mrator: This motor is coupled to the shaft of main motor and rotates it almost at
cynchronous speed. Then DC excitation is given to rotor poles of the main motorwhich are magnetically
locked with the stator revolving field and motor starts rotating at synchronous speed.
2. By using damperwinding: Dueto damperwinding the synchronous motor stars rotating as a squirrel
cageinduction motar. Once, it picks-up speed nearto synchronous speed, DC excitation isgiven tothe
rotor poles. Thus, the rotor poles are magnetically locked with the stator revolving field and the motor
starts rotating at synchronous speed.

0.5. Define the term over-excitation and under-excitation with reference to synchronous machines.

Ans. Ouer-exoifation: The excitation (field current) atwhich a2 synchronous motor operates at leading power

factor is called over-excitation.

Under-excitation: The excitation (field current) atwhich asynchronous motor cperates at lagging power
factor is called under-excitation.



Question 5: [10 Marks] ....... Chose the correct answer.

[1] A synchronous machine is called as doubly excited machine because A. It can be over excited B. It has two
sets of rotor poles C. Both its rotor and stator are excited D. It needs twice the normal exciting current
Ans: C
[2] If the field of a synchronous motor is under excited, the power factor will be
A. Lagging B. Leading C. Unity D. More than unity

Ans: A
[3] A synchronous motor connected to infinite bus-bars has at constant full-load, 100 % excitation and unity pf. On
changing the excitation only, the armature current will have A. Leading pf with under-excitation B.

Leading pf with over excitation C. Lagging pf with over excitation D. No change of pf

Ans: B

[4] The maximum value of torque angle in a synchronous motor is.......degrees electrical
A. 45 B. 90 C. Between 45 and 90 D. Below 60.

Ans: B

[5] The angle between the synchronous rotating stator flux and rotor poles of a synchronous motor is
A. Synchronizing angle B. Torque angle C. Power factor angle D. Slip angle

Ans:B

[6] Ina synchronous machine when the rotor speed becomes more than the synchronous speed during hunting, the
damping bars develop
A. Synchronous motor torque B. DC motor torque C. Induction motor torque D. Induction generator torque

Ans: D

[7] When load on a synchronous motor is increased its armature current is increased provided it is
A. Normally excited B. Over excited C. Under excited D. All of the above

Ans:D

[8] Which of the following statements about a three-phase induction motor are false?
(a) The speed of rotation of the magnetic field is called the synchronous speed (b) A three-phase supply
connected to the rotor produces a rotating magnetic field (c) The rotating magnetic field has a constant speed and
constant magnitude (d) It is essentially a constant speed type machine
(1) Conly (2) B only (3) A only (4) All of the above (5) A and C only.

Ans: 2

[91 Which of the following statements is false when referring to a three-phase induction motor?
(a) The synchronous speed is half the supply frequency when it has four poles (b) In a 2-pole machine, the
synchronous speed is equal to the supply frequency (c) If the number of poles is increased, the synchronous
speed is reduced (d) The synchronous speed is inversely proportional to the number of poles
(1) All of the above (2) D only (3) B only (4) None of the above (5) A and C only.

Ans: 3

[10] In athree-phase induction motor. Which of the following statements are false?
(a) If the rotor is running at synchronous speed, there is no torque on the rotor (b) If the number of poles on the
stator is doubled, the synchronous speed is halved (c) At no-load, the rotor speed is very nearly equal to the
synchronous speed (d) The direction of rotation of the rotor is opposite to the direction of rotation of the
magnetic field to give maximum current induced in the rotor bars.
(1) A, B, C(2) Conly (3) Bonly (4) A and C only (5) D only.

Ans: 5

1-C 2-A 3-B 4-B 5-B
6-D 7-D 8-2 9-3 10-5
Best wishes,
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