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DIPLOMA EXAMINATION IN ENGINEERING/TECHNOLOGY/
MANAGEMENT/COMMERCIAL PRACTICE — APRIL, 2019

BASIC ELECTRICAL ENGINEERING
[Time : 3 hours
(Maximum marks : 100)

PART — A
(Maximum marks : 10)
_ | _ Marks

Answer all questions in one or two sentences. Each question carries 2 marks.
' Define the resistance and write its unit.
Mention type of energy conversion occur in battery.
Notate the Thevenins equivalent of an electric circuit.
Define mmf. :
Define capacitance. (5%2=10)

AL 1 B

PART —B
(Maximum marks : 30)
Answer any five of the following questions. Each question carries 6 marks.
1. Draw the atomic structure of silicon atom neatly, Atomic number of silicon is 14.
2. State the ohms law. Write laws of resistance.

Derive the equation for effective resistance when the resistance R1, R2, R3 aré
connected in parallel.

w

State voltage divide rule in series circuit of resistance with neat fig.

State the Coulombs laws of electrostatics.

Explain electrical potential.

State Faradays laws of electromagnetic induction. (5%6 =30)

PART —C
(Maximum marks : 60)
(Answer one full question from each unit. Each full question carries 15 marks.)

Unir — 1
(a) What are the factors effecting resistance ? : , 8

(b) A coil has a resistance 18Q at 20°C and 220 at 50°C. Find the rise in the
temperature when resistance becomes 24Q. The room temperature is 18°C. 7

Or
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(c)

Write the short note on short circuit, open circuit with figure.

Calculate the cost of electrical energy for a month of April of a residential.
100W bulb-3 nos. working 12 hours per day, 25W- 4 nos. fluorescent lamp
working 10 hours per day, 40W fluorescent lamp-5 nos. working 10 hours
per day. Cost of energy is Rs. 4 per unit.

Unit — 1T
State and explain the charging and discharging of lead acid battery with neat

- diagram.
State and explain Norton’s theorem.
Or _
Find the equivalent resistance between A and B (show the each step of reduction).
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State Super position theorem.
Unit — 11

Derive the equation for equivaleﬂt capacitance when capacitors C1, C2, C3
are connected in series.

A parallel plate capacitor has an area of 10 cm’, distance between the plate is

" 2mm, relative permittivity of dielectric medium of capacitor is 3. The potential

gradient between the plates of a capacitor is 12kV/cm. Determine the capacitance
of the parallel plate capacitor, voltage across the plate, charge, electric flux den51ty
and electric flux between the plate.

Or
Define relative permittivity, absolute permittivity.

Four capacitors are connected in parallel across 250V supply. The charges are
taken by them are 750, 1000, 1500, 2000 pC each. What is the equivalent
capacitance ?

Unir — IV
Explain self induced emf, mutual induced emf with figure.

A solenoid of a 100cm is wound on a brass tube. If the current flow through
the coil is 0.5A, calculate the number of tums necessary over the solenoid produce
a field strength of 500AT/m at the centre of the coil.

Or
Derive the equation for energy stored in magnetic field.

A coil carries 200 tumns of gives rise a flux of 500uWb when carrying a certain
current. If this current is reversed in 1/10™ of a second, find the average emf

induced in the coil.

List any three application of electromagnet.

Marks
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PART — A
This is the property of electric eircuit tending to prevent the flow of current 1+1 2
and the same time cause electrical energy to be converted in to heat is
called resistance. unit ohin(£2)
In battery-chemical energy converted to electrical energy
L Vin 2 2
| Rl. + Rt'q i . . ;
V. Theveninsvoltage R, -load resistance. R
thevenins equivalent resistance
2 2
The force behind the flow of flux or production of flux in the magnetic
cireuit is called magnetic motive force(mmf)
Its unit is ampere turns (AT)
2 2
A capacitor is nothing but the two conducting surfaces, separated by an insulating
medium called dielectric. These conducting surfaces could be in the form of rectangular,
circular, spherical or cylindrical in shape.
A capacilor s also called  condenser. The commonly used dielectrics in capacitors are 2 2
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SCORING INDICATORS

PART-B

2) Siticon : This atom consists of 14 electrons. These revolve around the nucleus in three
orbita. The first orbit has maximum 2 electrons, the second has maximum 8 electrons and
the third orbit has remaining 4 clectrons. This is shown in the Fig, 1.1 (b).
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The Ohm's law can be defired as,

The ratio of petential difference (V) berween any two points of a conductor to

current (I) flowing between them is constant, provided that the temperature of
conductor remains constant.

R directly promotional to |
R inversely proportional to I/A
R depends on material and temperature
in the parallel connecion shown, the three

resistances Ry . Ry and Ry are connected in parallel and
combination is connected across a source of voltage V',

Let total current drawn is say ‘[’
Voltage same |

current divisign:

Now let us study current distribution. Apply Ohm's law to each resistance.
Y = L1 R, V=IRy, ¥= 3R,
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and I = ——o
RL‘R%
where Req = Total or equivalent resistance of the

Comparing the two equations,
e el e
Roq Ry Ry Rj

where R is the equivalent resistance of the parallel combinatic

In general if 'n’ resistances are connected in parallel,
1 1 _J:, 1 1

ﬁ' e R_]+R—2""E+ ------ + 'R—rl’

Yo

Consider a series circuit of two resistors Ry
and R; connected ko source of V volts.

As two resistors are connected in series, the
current flowing through both the resistors is
same, i.¢. L. Then applying KVL, we get,

V=1IR; +1R;

V)

sty




Total voltage applied is cqual to the sum of voltage drops Vi) and Vo across Ry
Ka respectively.

Var = LRy

= :’Rz - =[R.]}‘IR3]V
Similarly, Vo = L. Ry

Ve =g :fgz R '[R1R+2R3] 4

So this circuit is a voltage divider circuit,

The law states that the mechanical force, atiraction or repulsion, between the twa smi
charged bodics is
i} directly proportional ta the product of the charges present on the bodies.

if) inversely proportional to the square of the distance between the bodies an
ii) depends upon the nature of the medium surrounding the bodies.

F o 2102
d..
F = _f\_Q;?Q_;_ INewtons
[

It can be defined 28 the work done in joules, in moving 1 unit positive charge froz
infinity (position of zero potential) to the point against the electric field.

It is denoted by symbol ¥V and is measured in joule per coulomb or volt.

Workdore (v)
Charge () |

Thus, Electric Potential V = ovoll

First law
Whenever the number of magnetic lines of force (flux) linking with a coil or circuit change
em.f. gets induced in that coil or circuit.

Second law

The yagritude of the induced emf. s directy proportional to the rate of change of flux
lmkages {flux x turns of conl).

Flux linkages - #lux < Number of turns of coil

Thus such an induced et is mathematically expressed alongwith its sign as,

- N
B = th volls
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PART -C

UNIT-1

1. Length of the materlal : The resistance of a materlal Is directly proportional to the
length. The resistance of longer wire is more. Lengih is denwted by T

2. Cross-sactional area :  The resistance of a malerial is inversely proportional o the
cross-sectional area of the material, More cross-sectional area allowed the passage of more
number of free clectrons, offering less resistance. The cross sectional arca is denoted by "a'.

3. The type and nature of the material ©  As discussed carlier whether it consists more
number of free electrons or not, affects the value of the resistance. So malerial which is
conductor has less resistance while an insulator has very high reststance,

4. Temperature :  The temperature of the material affects the value of the resistance.
Generally the resistance of the material increases as its temperature increases. Generally
elfect of small changes in temperature on the resistance s not considered as it is negligibly
small.

So for a certain material at a certain temperature we can wrile a mathematical
expression as,

R oo —
il
and effect of nature of material is considered through the constant of proportionality
denoted by p (tho) called resistivily or specific resistance of the material. So finally,

R =P
8

Where [ = length in metres

a = crosi-sectional area in square metres

p = resistivity in ohms-metres

R = resistance in chms

Solution : Ry=186L t;=207C, Ry=220Q and t,=50°C
Now, Ry = Ryt 4 gty -ty)] e 22=18[1 + a)(50-20)]
Solving, gy = 0007407 /°C
Now Ry = 2440 and Ry = Ry [1+0q (= )]
24 = 18 [1+ 0007407 (1, - 20))

03333 = 0.007407 (4 - 20)
=20 = 45
= 65°C
So room temperature is 18 °C given

.. Temperalure rise = 65 - 18 = 47 °C
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Short circuit

When any two points in a network are joined directly to each other with a thick
metalic conducting wire, the two points are said to be short circuited. The resistance of
such shart eircuit is zero,

I
A 28 J
v ’ R i
Thick e
conducting === | f__=0 Vg *0 | Netwok
wire l 1
|
8 i
S e

The points A and B are short circuited.
The resistance of the branch AB is

B,.=00;
According to Ohm's law,

VAB ] Igmx[Aﬁ==GKIAH= Y

Open circuit
When there is no connection between the two points of a network, having some
voltage across the two points then the two points are said to be open circuited.

As there is no direct conpection in an open
circuit, the resistance of the open circuit is .

i
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There exists a vollage across the points AB
called open circuit voltage, Vg but Rae == ().

According to Ohm's law,

v

I, = ;ﬁﬂ Y ::B_ =0DA
oDc
Solution :

Energy consumed per day
bulb  100x3x12=3600Wh




—
R

Fluorescent lamp  25x4x10=1000Wh
CFL  40x5x10=2000Wh
Total energy consumed=6600Wh
Total energy consumed =6.6k Wh
Energy consumed a month of April is 30 days
Thatis 0.6 x 30=198kWh
Cost of one unit energy is 4
Cost of energy consumed April = 198x4=Rs 792

Fig.

UNIT-II

1. First charging @ When (he current is passed for the first kme through electrolyle. the
FipO in the electrolyte is elecirolysed as,

HO =22 H" ¢+ OF

Tae hydrogen fons as posibively charged get attracted towards vne of the electrodes
which acts 25 cathode (negative). The hydroger does not combine with lead and hence
cathode retains its original stale ard colour.

The oxygen ion as negatively charped gets attracted towards the other lead rlate
which acts as anode (positive). But this oxygen chemically combnes with the lead (7b) e
farm lead peroxide (PbOy). Duc te the formation of lcad peroxide the anode besomes dark
brown in enlour

Thus anede is dark brown Jue ta the layer of load peroxide deposited on 't while the
cathode is spongy lead clecrode

So there exasts a potenbal difference between the posinve anode and the negatve
cathode which can be used to drive the exterra. circuit. The eleewrical energy cbtained
fram chemical reaction is drawn ot of the battery ta the external circuit, which is callad
discharging.

2. Discharging :  When the external supply is disconnected and a resistance s connected
across the ancde and cathode then current flows through the resistance, drawing an
electrical energy from the battery. This is discharging. The direction of current is apposile
to the direction of current at the time of first charging. The discharging is shown in the

R (Lcad)

Negaliva
Fb 0, " 80, Tiors
Ancde Po
Cathodo

Positive
H"ions
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During (he discharging, the directions of the ions are reversed. The H *

mave towards anode and the SO 1ons move towards cathode.

ons now
This is because H,y S0, decompaoses as,

F; 50, —> 2 H" + 507"

At the anode, the hydrogen ions become free atoms and react with lead peroxide
alongwith the 1-13304 and ultimalely lead sulphate Pb SO,i results as,

PbQy + Hy §Og +2H —2 My SOg+ 2 H, O ... At Anode

At the cathode, each S()i wn become free 5O, which reacts with the metallic lead to
get lead sulphate.

Pb + SOy —IPb50, .- At Cathode

Thus discharging results into formation of whitish lead sulphate on both the
electrodes.

The Norton's theorem can be staled as below,

Statement : Any combination of linear kilateral circui? elements and active sources, regardless ¢

the conrection or complexity, connected to a given lond Ry, can be replaced by a simple tw
terminal network, consisting of a single current source of Iy amperes and 4 single impedance R,
i parallel with it, across the two terminals of the load Ry The Iy is the short circuil curren
Jlowing Hrough the short circuited path, replaced instead of Ry. It is also calied Norton's curren|
The Ry, is the equivalent impedunce of the given network as viewed through tie load terminals
with Ry removed and all the active sources arc replaced by their internal impedances. If the interng
impedances are wnknown then the independent voltage sources must be replaced by short circus
while the independent current sources must be replaced by oper circwil, while caleulating Ry

OR

Solution : Identify combinations of series and paralle] resistances.
‘The resistances 5 L) and 6 9 are in seres, as going to carry same current.
So equivalen! resistance s 5 + b = 11 12

While the resistances 3 €2, 4 €, and 4 {2 are m parallel, as voltage 2cross them sam
tut current divides.
1. 114 @
R 37474712
12
R - 0] 120

-~ Equivalent resistance is,

iQ
i B anap, |
Faralle

Now again 1.2 Q and 2 € are in series so equivalent resistance is 2 + 1.2 = 3.2 Q while
11Qand 7€ are in parallel

. R] R2 i - . 1Ix7 - 77 =
Using fnnnulam equivalent resistance is T ° 1§ =4.277Q2 .

=
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Replacing the respective combinations redraw the circuit as shawn

Now 32 and 4.277 are in parallel.

3.2x4.277

Replacing them by EREY

1.8304 Q

Rag = 1+ 18304 = 2.8304 €2

This theorem: is applicable for linear and bilateral netwaorks. Let us see the slalemert of
the theorem,

Statement ; In ey wultisource complex neteork cousisting of linear bilateral clements, the
moltage across o7 current threugh any given element of the netwark & cquel to the elgebraic sum of
tire individual voliages or curreris, produced deperdently acrese or i that eleriens by eacit source

acting independeitly, when all the remaning sowrces are peplaced by thewr respecHue anlornal
resislances.

UNIT-III

Capacitors in Series

Consider the three capacitors in series connected across the applied voltage V
Suppose this pushes charge Q on C; then the opposite plate of C;

must have the same charge, This charge which is negalive must have been obtained from
the connecting leads by the charge separation which means that the c¢harge on the upper
plate of C, is also Q. In shurl, all the three capacitors have the same charge Q.

A
Q tRERban
¢ 4+t A
Yy s i
) i
A & i : | Eguvalent
vV =G v i T Ch #  capaciance
Q }
Vy g o
o b
a

T &

10




Q = C1 V1 = C1 V1 = C; V3 I
nl K ;Y _Q
Giving , Vi = E?’ V, = Ez- s Vy= Y

I an equivalent capacitor alse stores the same charge, when appiied with the
voltage, then it is ebvious that,

Q Q
Cog = F w V=
q ¥ o
But, YV = Vi+ VeV
Q Q Q
S e oW g Wiog T
Cmg Cl CR C3

1 i 1 i 1
Gy, oy &y

Tt is easy to find WV, V, and V5 if Qs known
¥ 1= VI 3

r ] tors in seri l ! o :
AT 1L Gapaciiom SCTIUS, ——— & = b mme b e e
e din L O (-' Co

(b)
Solution : The eapacitance can be ealeulated as,

C - EA_muA 3x8854%x10-1 x10x 10—
TR %1073

it

1308 % 107" = 1328 pF

Eleclric intensity = Potential gradient

4 3
12 10 5

P 2

E =12 kV/em = /m=1200x 107 V/m

) Vv
N aw, E = :‘j

A r
1200 x 10° = m’*.,_._;. ie V=210V
2% 10-%

H

This i the voltage across capaciter plates.

. Q
e
Q= CV =138« 107 %x 24m = 187 x 1077 C

Charge = 3187 nC
Electnic flux, g = Q =387 nC

- =L -
Electric flux density, [0 = Q B LY e 3187 x 107 C/m”

A 10x 10t
= 387 pC /et
OR

VI
(a)

Relative permittivity




(b)

1X

(a)

To define the permittivity of the dielectric medium, the vacuum or free space is
considered te be a releronce medivm, So, relative permittivity of vacuum with rospect to

itsell by unily

The ratio of clectric flux density in a diclectric medium o that predused i a vacuum
by the same electric feld strength under identical conditions is calied relative permittivity,

1t is denoted by ¢ and has o units.

R
L = _L:»’E
Now D = el and De=gkE
B
w = g B
g
=7 £y

Absolute permittivity

The ratio of the eleciric flux density D to electdc field strength E at any point is
defined as the absolute permittivity.

Tt is denoied by ¢ and measured in units farads/metre, (F/m).

5
c_? F/m

sotution:  Q, = 750 pC, {0y = 1000 T, Q = 1500 pC, Qq = 2000 pc.

V = 250V
Q = GV
- G P Q  Wx10
= e =ORR Gpn gt miek
. Q. _ 1500x10-5 . Qq _ 2000x10-
S Ls = —‘:;' = “_'igo—-"zbj.li", L4=w-v--= EE_TG———:

The equivelent C = Cy+Cy + Gy + Cy =21 4uF

UNIT -1V

Self inducedemf

Consider a coil having ‘N’ tumns and
carrying cuwrrent ‘I' when switch ‘S’ is in
closed position, The cwrrent magnitude
can be varied with the help of variable
resistance  connected  in serics  with
battery, coil and switch as shown in the fig




f— Flux due to current

The flux produced by the coil links
with the coil itself. The total flux linkages
of coil will be N ¢ Wbh-tums. Now if the
cwrrent ‘I' is changed with the help of
variable resistance, then flux produced
will also change, due to which fux

linkages will aise change.

Henca according to Faraday's law, due 1o rate of change of flux Lnkages there will be
induced emf. ir. the coil. 5o without physically moving coil or flux there is induced emf.
in the coil. The phenomenon is called self industion,

The em.f. induced in a coll due to the change of :ts own flux linked with it is called
self induced e.m.f.

A civcvil possesses 3 self inductance of 1 H whet a rurren: of 1 A thronagh Iir
produces flux ankages of 1 Wh-tarm moa

cl

= LS volts
a e olt

Mutually induced emf
If" the flux produced by one col is getting linked with anather coll and due to change

J--—— Munial fux ¢,

in this flux produced by first
coil, there is induced ean.f, in
the second coil, then such an
em.f s called  mutually
induced e.m.f.

dl,

g volis

g3 = =M

[l




(b)

(a)

(b)

Solution : The field strergih on the axis ot a long soleaoid is given by
N1
H = ¥ Al/m
[ = Lenpth of coil = 100 em = 1 m, N = Number of turns

[« Currert = 03 A

w{y.5
ey = NXU.3

No= 1000

So 1300 tums on selenoid are necessary Lo produce the required field strength,

OR

Let the induced e.m.f, in a coil be,
dl
e = -La
This opposes a supply vollage. S0 supply voltage V" supplies energy to overcome this,
which ultimately gets stored in the magnetic field.

R s _[_Lm] L4

dt di
ia i dl
Power supplied = Vxl = [‘—d—t’d
Energy supplied in Ume di is,
E = PowerxTime :L%%del

= Ldix 1 joules

This is energy supplied for change in current of dI bul actually current changes from
zero to 1.

. Integrating above total energy stored is,

1
E = il.dl] = L_{cnl
D 0

5] e

E = %l..l2 joules

Solution ! The magnitude of induced e.m.f. is,

o iR
. N'vll

where d¢ is change in flux linkages ie. change in N g, Now in this problem flux is
500108 for given current. After reversing this current, Mux will reverse its direction. So
flux becomes (-500x 1075 b

dy = g =0) = ~500% 106 - (+500x10),
This happens in time dt = 0.1 sec.

49 _ _popd2110°)

Average emf. = - N i =2 volts

7%}
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|.pinball machine
2.dot matrix printers
3.tuel injectors

4 lifting purpose
5.motor and generates
6.transformers
7.relay

8.electric bell
9.loudspeakers
10.MRI machines

Any 3
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