Subject Name: Transmission and Distribution
Subject Code: SEE1206

UNIT 1

STRUCTURE OF ELECTRIC POWER SYSTEM
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Single line diagram

In power engineering, a one-line diagram or single-line diagram (SLD) is a simplified
notation for representing a three-phase power system.!) The one-line diagram has its largest
application in power flow studies. Electrical elements such as circuit breakers, transformers,
capacitors, bus bars, and conductors are shown by standardized schematic symbols.™ Instead of
representing each of three phases with a separate line or terminal, only one conductor is
represented. It is a form of block diagram graphically depicting the paths for power flow between
entities of the system. Elements on the diagram do not represent the physical size or location of
the electrical equipment, but it is a common convention to organize the diagram with the same
left-to-right, top-to-bottom sequence as the switchgear or other apparatus represented.
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Introduction of Electric power Transmission and Distribution:

For economical generation of power large generating stations are used. Capacities of
individual generating sets have gone up recently. Generating sets in the range of 10 MW, 210
MW and 500 MW are being manufactured in many countries. Generating station are now not
necessarily located at load centers. In fact other factors like availability of fuel and water play
more dominating role in the selection of sites for thermal stations. Hydro stations are obviously
located only at the sites where water is available at sufficient head. A vast network of
transmission system has been created so that power generated at one station may be fed to grid
system and may be distributed over large areas and number of states. The transmission and
distribution system comprises a network of three-phase circuits with transforming and or
switching substations at the various junctions. The parts of a transmission and distribution
network maybe grouped as given below.

Electric power TRANSMISSION:
Several generating stations can be inter connected. The main advantages are :

(i) reduction in the number of spare plants required as one station can assist the other at the time
of emergency.

(ii) During light loads one station or some generators can be shut off, thus affecting
operational economy.

Primary electric power transmission:

High voltages of the order of 66 kV 132 kV 220 kV and 400 kV are used for transmitting power
by 3 phase 3 wire overhead system. This is supplied to substations usually at the out skirts of
major distribution center or city.

Secondary electric power transmission:

The primary voltage is reduced to low values of the order of 3.3 kV, 11 kV or 33 kV for
secondary transmission.

Primary electric power distribution:

The transmission lines or inner connectors terminate at large main substations from which the
power is distributed to small secondary substations scattered throughout the load area. The
voltage may range from 11 kV to 132 kV.

Secondary electric power distribution:

This consists of the low-voltage network laid along the streets, localities and over the rural areas.
From these sources connections to individual customers are provided. The circuit used for this
purpose is 3 phase 4 wire, 440 /220 V from which either 3 phase 440 V or single phase 220 V
supply to the consumers may be provided.

Advantages of AC electric power Transmission:



1. Power can be generated at high voltages as there is no commutation problem.
2. Ac voltages can be conveniently stepped up or stepped down.

3. High voltage transmission of ac power reduces losses.

Disadvantages of AC electric power transmission:

1. Problems of inductances and capacitances exist in transmission lines

2. Due to skin effect, more copper is required.

3. Construction of AC transmission lines is more complicated as well as costly

4. Effective resistance of ac transmission lines is increased due to skin effect.

Concentrated Loading

Whenever possible, it is desirable that a long distributor should be fed at both ends
instead of at one end only, since total voltage drop can be considerably reduced without
increasing the cross-section of the conductor. The two ends of the distributor may be supplied
with (1) equal voltages ( ii ) unequal voltages
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All the currents tapped off between points A and E (minimum p.d. point) will be supplied
from the feeding point A while those tapped off between B and E will be supplied from the
feeding point B.

The current tapped off at point E itself will be partly supplied from A and partly from B.
If these currents are x and y respectively, then,

I3=x+y

Therefore, we arrive at a very important conclusion that at the point of minimum potential,
current comes from both ends of the distributor.

Point of minimum potential. It is generally desired to locate the point of minimum
potential. There is a simple method for it. Consider a distributor A B having three concentrated
loads 11, 12 and I3 at points C, D and E respectively. Suppose that current supplied by feeding
end A is IA . Then current distribution in the various sections of the distributor can be worked
out as shown in Fig.

(i). Thus
TIAC=IA;ICD=1A — 11
IDE=TA-11 -12;IEB=1A-11 -12-13
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From this equation, the unknown IA can be calculated as the values of other quantities are
generally given. Suppose actual directions of currents in the various sections of the distributor
are indicated as shown in Fig. 13.15 (ii). The load point where the currents are coming from both
sides of the distributor is the point of minimum potential i.e. point E in this case

(i1) Two ends fed with unequal voltages. Fig. 13.16 shows the distributor A B fed with unequal
voltages ; end A being fed at V 1 volts and end B at V 2 volts. The point of minimum
potential can be found by following the same procedure as discussed above. Thus in this case,
Voltage drop between A and B = Voltage drop over A B

or
V 1 -V 2= Voltage drop over A B
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The *actual distribution of currents in the various sections of the distributor is shown in Fig. It
is clear that currents are coming to load point E from both sides i.e. from point D and point F.
Hence, E is the point of minimum potential.

~ [J Minimum consumer voltage,
VE =V A—]IAC RAC + ICD RCD + IDE RDE]
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220V v + 220V
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=220 —1[61-7 [1 70034 + 417 [1 70051 + 1-7 [1 10051]
=220 —431 =215-69 V

Example 13.11. A 2-wire d.c. distributor AB is fed from both ends. At feeding point A, the
voltage is maintained as at 230 V and at B 235 V. The total length of the distributor is 200
metres and loads are tapped off as under :

25 A at 50 metres from A; 50 A at 75 metres from A



30 A at 100 metres from A; 40 A at 150 metres from A

The resistance per kilometre of one conductor is 0-3 Q Talculate :
(i) currents in various sections of the distributor

(i) minimum voltage and the point at which it occurs

Solution. Fig shows the distributor with its tapped currents. Let 1A amperes be the current
supplied from the feeding point A . Then currents in the various sections of the distributor are as

shown in Fig
A I, C 1,25 D I,-75 E I,-105 F L,-145 B
J E B emn e P - et
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25 A 50 A 30 A 40 A

Resistance of 1000 m length of distributor (both wires)
=2 1103=06Q
“Jesistance of section AC, R AC =0-6 [ 1150/1000=0-03 Q
Jesistance of section CD, R CD =0-6 [1 [125/1000=0-015 Q
“Jesistance of section DE, R DE = 0:6 [1 [725/1000=0-015 Q
Jesistance of section EF, R EF = 0-6 (1 [150/1000=0-03 Q
“Jesistance of section FB, R FB = 0-6 ] [0 50/1000= 0-03 Q
Itage at B = Voltage at A — Drop over A Bor
VB=V A—-[IARAC + (IA-02)R CD + (IA-175R DE
+(IA —01J 105) R EF + (IA -] 145) R FB]

or
235 = 230 —(0-03 IA + 0-015 (IA —C 25)+ 0-015 (1A —75)
+0-03 (IA—105) + 0-03 (IA — 143]
or
235 = 230 —[0-12 1A —9]
239 —1235
~1A==33-34 A
0-012

(i) Currentinsection AC,IAC=1A=33-34 A

Current in section CD, ICD =1A —[125=33-34-[125=8-34 A

Current in section DE, IDE =1A —[175=33-34 -[175=—-1141-66 A from D to E
=41-66 AfromEtoD

Current in section EF, IEF = IA —0105=33-34 -0 105=—0 [0 0 0 DA fromEto F
=71-66 AfromFtoE

Current in section FB, IFB =1A —[1 145=33-34 -1 145=-1 11166 A from F to B
=111-66 AfromBto F

(i) The actual distribution of currents in the various sections of the distributor is shown in Fig.
13.20. The currents are coming to load point D from both sides of the distributor. There-
fore, load point D is the point of minimum potential.
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Voltage at D, V D =V A —JIAC RAC + ICD RCD]
=230 —[33:34 [] 1003 + 8-34 [ 10015]
=230 — 1125 =228-875V

DC two wire and three wire systems

It is a common knowledge that electric power is almost exclusively generated,
transmitted and distributed as a.c. However, for certain applications, d.c. supply is absolutely
necessary. For instance, d.c. supply is required for the operation of variable speed machinery (i.e
., d.c. motors), for electrochemical work and for congested areas where storage battery reserves
are necessary. For this purpose, a.c. power is converted into d.c. power at the substation by using
converting machinery

e.g., mercury arc rectifiers, rotary converters and motor-generator sets. The d.c. supply
from the substation may be obtained in the form of (i) 2-wire or (ii) 3-wire for distribution.

() 2-wire d.c. system

As the name implies, this system of distribution consists of two wires. One is the outgoing or
positive wire and the other is the return or negative wire. The loads such as lamps, motors etc.
are connected in parallel between the two wires as shown in Fig. 12.4. This system

is never used for transmission purposes due to low efficiency but may be employed for
distribution of d.c. power.
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(i) 3-wire d.c. system.

It consists of two outers and a middle or neutral wire which is earthed at the substation.
The voltage between the outers is twice the voltage between either outer and neutral wire as
shown in Fig. 12.5. The principal advantage of this system is that it makes available two voltages
at the consumer terminals viz V between any outer and the neutral and 2V between the outers.
Loads requiring high voltage ( e.g ., motors) are connected across the outers, whereas lamps and
heating circuits requiring less voltage are connected between either outer and the neutral. The
methods of obtaining 3-wire system are discussed in the following article
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Methods of Obtaining 3-wire D.C. System
There are several methods of obtaining 3-wire d.c. system. However, the most important ones are
(i) Two generator method.



In this method, two shunt wound d.c. generators Gland G2 Are connected in series and the
neutral is obtained from the common point between generators as shown in Fig. (i). Each
generator supplies the load on its own side. Thus generator G1 supplies a load current of 11,
whereas generator G2 supplies a load current of | 2 The difference of load currents on the two
sides, known as out of balance current (11 12 ) flows through the neutral wire. The principal

disadvantage of this method is that two separate generators are required.
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3-wire d.c. generator.

The above method is costly on account of the necessity of two generators. For this reason, 3-wire
d.c. generator was developed as shown in Fig. (ii). It consists of a standard 2-wire machine with
one or two coils of high reactance and low resistance,connected permanently to diametrically
opposite points of the armature winding. The neutral wire is obtained

from the common point as shown
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iii) Balancer set.

The 3-wire system can be obtained from 2-wire d.c. system by the use of balancer set as shown
in Fig. G is the main 2-wire d.c. gen erator and supplies power to the whole system. The balancer
set consists of two identical d.c shunt machines A and B coupled mechanically with their
armatures and field windings joined in series across the outers. The junction of their armatures is
earthed and neutral wire is taken out from here. The balancer set has the additional advantage
that it maintains the potential difference on two sides of neutral equal to each other.

AC Distributors

Now-a-days electrical energy is generated, transmitted and distributed in the form of
alternating current. One important reason for the widespread use of alternating current in
preference to direct current is the fact that alternating voltage can be conveniently changed in
magnitude by means of a transformer. Transformer has made it possible to transmit a.c. power at
high voltage and utilise it at a safe potential. High transmission and distribution voltages have
greatly reduced the current in the conductors and the resulting line losses.

There is no definite line between transmission and distribution according to voltage or
bulk capacity. However, in general, the a.c. distribution system is the electrical system between
the step down substation fed by the transmission system and the consumers’ meters. The a.c.
distribution system is classified into ( |1 ) primary distribution system and (ii) secondary
distribution system.

(i) Primary distribution system.
It is that part of a.c. distribution system which operates at voltages somewhat higher than

general utilisation and handles large blocks of electrical energy than the average low-voltage
consumer uses. The voltage used for primary distribu tion depends upon the amount of power to
be conveyed and the distance of the substation required to be fed. The most commonly used
primary distribution voltages are 11 kV, 6-6 kV and 3:3 kV. Due to economic considerations,
primary distribution is carried out by 3- phase, 3-wire system.
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Fig shows a typical primary distribution system. Electric power from the generating
station is transmitted at high voltage to the substation located in or near the city. At this
substation, voltage is stepped down to 11 kV with the help of step-down transformer. Power is
supplied to various substations for distribution or to big consumers at this voltage. This forms the
high voltage distribution or primary distribution.

(if) Secondary distribution system.

It is that part of a.c. distribution system which includes the range of voltages at which the
ultimate consumer utilises the electrical energy delivered tohim. The secondary distribution
employs 400/230 V, 3-phase, 4-wire system.

Fig. shows a typical secondary distribution system. The primary distribution circuit delivers
power to various substations, called distribution sub stations. The substations are
situated near the consumers localities and contain step down transformers. At each
distribution substation, the voltage is stepped down to 400V and power is delivered by
3-phase,4-wire a.c. system.

The voltage between any twophases is 400 V and between any phase and neutral is 230
V. The single phase domestic loads are connected between any one phase and the neutral,
whereas 3-phase 400 V motor loads are connected across 3 phase lines directly.
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Radial Electrical Power Distribution System

In early days of electrical power distribution system, different feeders were radially come
out from the substation and connected to the primary of distribution transformer directly.
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But radial electrical power distribution system has one major drawback that in case of any
feeder failure, the associated consumers would not get any power as there was no alternative path
to feed the transformer. In case of transformer failure also, the power supply is interrupted. In
other words the consumer in the radial electrical distribution system would be in darkness until
the feeder or transformer was rectified.

Ring Main Electrical Power Distribution System

The drawback of radial electrical power distribution system can be overcome by introducing a
ring main electrical power distribution system. Here one ring network of distributors is fed by
more than one feeder. In this case if one feeder is under fault or maintenance, the ring distributor
is still energized by other feeders connected to it. In this way the supply to the consumers is not
affected even when any feeder becomes out of service. In addition to that the ring main system is
also provided with different section isolates at different suitable points. If any fault occurs on any
section, of the ring, this section can easily be isolated by opening the associated section isolators
on both sides of the faulty zone.
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Isolators

In this way, supply to the consumers connected to the healthy zone of the ring, can easily be
maintained even when one section of the ring is under shutdown. The number of feeders
connected to the ring main electrical power distribution system depends upon the following
factors.

1. Maximum demand of the system : If it is more, then more numbers of feeders feed the
ring.



Total length of the ring main distributors : It length is more, to compensate the voltage
drop in the line, more feeders to be connected to the ring system.

Required voltage regulation : The number of feeders connected to the ring also depends
upon the permissible allowable, voltage drop of the line.

The sub distributors and service mains are taken off may be via distribution transformer at
different suitable points on the ring depending upon the location of the consumers. Sometimes,
instead of connecting service main directly to the ring, sub distributors are also used to feed a
group of service mains where direct access of ring distributor is not possible.

Interconnectors

Electricity interconnectors are the physical links which allow the transfer of electricity across
borders.

Interconnectors derive their revenues from congestion revenues. Congestion revenues are
dependent on the existence of price differentials between markets at either end of the
interconnector. European legislation governs how capacity is allocated. It requires all
interconnection capacity to be allocated to the market via market based methods, i.e. auctions. It
also includes specific conditions on how revenues are used.

Britain’s electricity market currently has 4GW of interconnector capacity:

2GW to France (IFA)

1GW to the Netherlands (BritNed)

500MW to Northern Ireland (Moyle)

500MW to the Republic of Ireland (East West).

Under the present regulatory regime based on EU and GB requirements, there are two general
routes for interconnector investment:

1. a regulated route under the 'cap and floor' regime. This is a relatively new regime, we

decided to roll out the cap and floor regulatory regime to new near-term electricity
interconnectors in May 2014.Through the cap and floor approach developers identify,
propose and build interconnectors and there is a cap and floor mechanism to regulate how
much money a developer can earn once in operation. If applying for a cap and floor
regime developers have to comply with all aspects of European legislation on cross
border electricity infrastructure. More information about the design of the cap and

floor regime can be found in the documents below.

as an alternative to the cap and floor model, developers can still seek exemptions from
regulatory requirements. Under this route developers would face the full upside and
downside of the investment and would usually apply for an exemption from certain
aspects of European legislation in order to increase the safeguards for the business case of
their investment.


http://www.electrical4u.com/voltage-or-electric-potential-difference/
http://www.electrical4u.com/voltage-regulation-of-transformer/
http://www.electrical4u.com/voltage-or-electric-potential-difference/

Kelvins Law:

The most economical area of conductor is that for which the total annual cost of
transmission line is minimum.
This is called as kelvins law after Lord Kelvin who first stated in 1881.

The transmission line cost forms major part in the annual charges of a power system.
The cost is due to

Depreciation

Repair and maintenance

Loss of energy in the line due to its resistance

The cost towards the production of the lost energy is considered

Ao

» If we decreases the area of the conductor in order to reduce the capital cost, the line
losses increase.

» Similarly, if we increase the conductor cross-section to save the cost towards copper loss
in the line, the weight of copper increases and hence the capital cost will be more.

Because of the above reasons, it is difficult to find the economical size of the conductor. But it
becomes easy with the help of kelvin’s law.

In this post we will understand about the kelvin’s law and limitations of the kelvin’s law.

! - Total
1 cost
Anngal | N
cost | x
S

S, Annual

conducior
cost

Conductor
area a -

Assume
A = Cross section of conductor

C = total initial cost towards conductor
C is directly proportional to A

CxA



C=PA
where P is a constant.

Let r be the annual rate of interest and depreciation.

The annual fixed cost C; = C, = PA;

Since line losses are inversely proportional to the area of the conductor
The annual cost on lost energy,

C, = Q/A where Q is a constant.
Total annual cost C =C; + C,
=PA + Q/A
For C to be minimum,
C/dA=0
Pr— Q/A® =0
Pr = Q/A?
PrA’= Q
A? = Q/Pr
A= (Q/Pr)
The equation shows that
“The economical cross-section of the conductor is that for which the annual charge on the
conductor equals the annual charge for the loss of energy in the conductor”.
This is known as Kelvin’s law.
Limitations of Kelvin’s Law
This law has many problems and limits as we are selecting the cross-section from an economical
point of view.We did not consider the electrical behaviour of the line.
1. Itisnot easy to estimate the energy loss in the line without actual load curves, which are
not available at the time of estimation.
2. Kelvin’s law did not consider many physical factors like voltage regulation, corona loss,
temperature rise etc.
3. The assumption that annual cost on account of interest and depreciation on the capital
outlay is not 100% true.

The conductor size determined by this law may not be always practicable one.
The rates of interest and depreciation may vary from time to time.

o &
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The diameter of the conductor may be so small as to cause high corona loss.

The conductor may be too weak to stamp from mechanical point of view.

Cost of insulation in cables is assumed to be independent of the cross-section of the
conductor which is only an approx. assumption.



O

-
LS.

UNIT— O

| RaNsMissian bkine PapameTers

£ E@, & tonis N éo dat ctan ce and ¢ CLFCLU’:be"“e clin il b octicd
cionq the “Lims.méu,{oo Ao e (B3 h&me el

oL

CG—(LL'(?O-D'&-, e J.i;ne FMCLM{’_'{ELL

ResrsTaNCE: -

s Oppcu:u- the .1>[o Te of) citnn ot
R: ed

————

01
oL

TiD ve T ANCE :-

* Ao eltn chmj cwin ent .ﬁfe LL,LJE.DE! thsa uﬁﬁ <8

=T A !LL
condiui o ot et - Cﬁmqeﬁg .Lru_x whech Lo

| the caoda ctor -

% The cooda cton p ot et co el o v e Feo e
\irux VL!:D kq_q o .

i
Rt ifu_x Ain k a_g e o e b s

At f’):{&L L{?

i

= canhent . o c_m])u_as.

CAPA CITANCE -

x CO—O Lee et AL oi OV e “ﬁe cek Aine CAhe A QF ok tz el E‘éj

e ‘-L‘G,EC [ ol oS osed ation.
* C‘o}o actonce exanth bHelwen ~the ‘oo ovenbecdd

Aioe c oo cat ot o,

- - o (L (‘L :
¥ ch[:)a,ci'f: ance G C‘//v i
™ £ ','Lem b
DQ‘SJ«L\_Q, q = Cﬁc\kge oD (p ¢ CCO‘“‘ )
vz P@ G f1a.l .:'L'a.i') e i) CL Letoo2en

€he Con et et st C 5 [‘tl) .



-

Charging CorrenT Frows Tw Tue  Open Crcortes  Loue = - L
iﬁoe Copdaccbey
T VT,
VI, e
\L C
Alpe cerp el c'tc«‘-’z. .

¥ Wheo

E W) e al el 5

+the

€D <Al ar et

* ThH i - hees ol ‘o c t [o o
Eﬁtl}{m the e S e
* T

¢ "L‘c (RS L'O ._/b;ne en D
CJ"JLCU,'Ct'L cL

* Flow O[, T

s Tt

cjl.!-r_OP

O\L.an; 8

o lime.

Voftﬁc-\_s} e

Feox Linkages -

co doe ¢t an e
+o be
Q ve To

#* To .émd the
Lo kaje ﬁm

Fi__._ UX Lt N k/—\GI €

Borge
]

B,L,-L ' C(‘,Lﬁ Cj 9

S5inere

o0 the coodu s

oL cﬁcm,j (o :i conn ent CI«;)

Wb en Aipe & opeo-

Foc,d ety Lc&.c—t’\‘“‘ ¥

OL a

cletay roed -

CorgenT CAKR‘-Jng,_-

Conductor -




-

€
4 Cocucclen oL ._Lonq it mQ At condu ctor @i Jeacel Cue
2 coebus and d cu.,'.,:’ N g a connent c—L i F,Ludg ,

*Tﬁe curkeot $[0LO COLt 48 a L[C*—X JA‘—O‘:C‘LQQ

o .4 oo the cooci it on ot cedell or outacde. +the
con DLLL(—,t (i J
9 Flox Lin kea & € Due To InTermar Frox ;- ;
pde) Qé‘? !m '

J’QL,L_L.C’-O

w Con xd den A om ald c—L ehick mers L -y MLM‘J

at a divtance %’ _{;b_om the

# Nore:- N’a‘qnt-t‘jc #’ZM Cnﬁf’\-"it;[ -
L Carhh € f‘\_fl O"L .[ cm‘)’D efuiy

£ /
antie ¥ ¢ - mq I, Cuj_xu;t

o a i (e ce ncductoyr

O_L JLCLO{J:_LLL by v CL‘L&;‘[_,# énq

H = I AT/m
271 -
* M ofl nellc .f)LLLOL CﬁﬁfL”J’d“:’ ect Le
Mo — @
a pe ot % oebrer \LJLOH’) eyt R 2T ¥
¥ L LCosment .:Lfa;,o p the arroa Tta = 1T MF
. N B,
. ‘ — = [y » x i 24
¥ Cabnent ﬂow “in the orea UK, N '
fx IS ke
b UJ:J @ i @
e H:’)C - _" o x I



5 x I AT/
(4P

PETIN S
e Flewre cLuu.i{‘y &o dw (B,)Q - Hoﬁ\th mfo/m')_
= Mo My % 'Y‘j’ mb/ s

NJL 2] -—é(}’l NDooO. Mo ? & aic o cl:tﬂ'._‘r.«': al.

B')L g He L LQI;D/mQ__ )
27 A2
% Floune Abro LL:, ﬁ a lefn clan
“’Lﬁ*u cz Ahickpead dx ¥ CL(P £ B,x_ X asea
J,mg &b (e |
< Bx % thie b x Luvgj*fh
dcr - B'X_ 'Y C'L X x|

¥ Plex J,Lolkm_ﬁe e N o [chz/‘lﬁ‘h’:{ ddx  webesr
c‘; o T ‘:{.L , s
\P s o (P
(

—  n

i1

HA™ 5.0
- 5
O(LP - ﬁ"I x cd v weben tnc
J..il\v‘»+
¥ To +al TLer{ Ain k ck_g e cb? K
= 3
Ang NI j - [ M, I el «
J o anwt
b F "
TRV " <4 - o



* gﬂ'(?ﬁ.,n al -{;[u:x Ao kaqe Lr s HOT b e / Fed e
q Lb"k g_n_ : ._L,Lr)jtb

@ Fr ox Lmruwfe Due To Extermar Frox o

\\
\
>
\__/ 1
//’
/
A "/ 8.

¥ Coneedar condu ot v A @L Jfacliur o

’ oD g g/ > :
x  Coonductor B g a clutaoce Ny coebies g,},_dm A

cmci Park y o a CERRI BT N/
: R
*  Contc don :! ﬂ €L

MF 24 eL
C"D'LJ L Lectl oo O-L ce no{uc‘ton 8
ﬁou\ffr)? \dx' {:‘)Eckn edt ¥ oo v&ng'ﬁ‘b Ci o etxe .
#  Can dowct ox A B ou extin pal | -szu_x JLio keng
B |

—L.h_()m ’f;’ﬁf’_ C o CLLL r_i"fﬂq, wl,LuLL oLce 'E‘o L‘,—,.L ) d:’ e —f_o
‘L[“’y OL ceoO deriteon B. ’

¥ Maqoeeetic welel otpacty w
] e A
ety ol wL[u._S( \,Laq[oD N H-x: , f AT/m, s

K F[LLX‘ CLLnt,f‘{‘:! . R

11

s . He H Ho

i
o
X

_[

* F[U»X d.? ff)v‘ueu.ilﬁ ,,LecilC\r) dt z B



b F[LL,X CL!T

AN e T |

%

¥ P[LLX’ QL.LD i( ('L(J e .£~L<5r0 e U_.LLCLL{ v i
LP = —_ o x cob Einns
ext

"EO o *Lt:ﬂ L_tj

AT

2, Frox “livkage Ty Paratrer  Corrent Crrrying

Conpuctors

e !

% —
>

% Con ecet o
* CGU e C’t o

é\\\\\\\d 7{559_ ¢!

1
| e Ny T
i
f I
, nI C :
. 3
i
: ]

AYXY A J al CL&J._EI o CLLU._nn'[: i\ I;i\ e F e
|
B ¥ B e Ck’w.t._j <8 C LLULLO_L‘ [ ¥ p o N X N I
% CCr:‘) CLU. c"'tcr ) 01 T : P
: o 4L Cy e CQhA Y, L (e LUL.Lan‘L j
4 & OL <o am P Lhek.,



% Flax Jdimkage <«oith  copdiccton A due b
o comedt T gl I P
i = o + Jx ][O
3

g Flux Aokage  wotth condudt ov A due g o
+to cahy e IB C"L conductee B ° (j )

# Flax _enkaqe cwith  conclucten A dLu}: HaL, ma"_uc
—tc CLU‘—"\-QF!'{: IC Oﬁ CGDGlu.c‘fC"’z C 2T

; =~ I
e t Cc,uuLQn‘f: 'LA U‘L Conc{udfcf*'z_ c

% Flux Ao kqﬂg ot conecuctoy, A 09
| > HQIAJ' .

v
AT o
K F(,u_x Ao k‘age_ with ceroc v ot ot A d:;
e + cuthent IB OL condiectay b'} HG'LB ( dx —©®
: s o J ®
| oy
* FL&M{ Mo ka e wo b Ccmc-lud‘ok A T oo
c{ut 'ﬁo Cu}\_un'f I GL Cc\nc{ LLC-/t-L'!"z__ el } H° & { _'ﬂ-‘i_ ._.@
C -
R
d'.;

K q_c"{ickL ‘L[(AJ( J&DkGL e w{,tl')

cond CLC{ e A

0 FT0+0+@ +0+®.

;rﬁ::l_)_ggj_AMCE O¢ A '5"*.'.‘,'5"[_':%‘_. ____PHA-S—.E Tovo Wire Line :-

A A
B —t,
v/
{
I f
| | .
ke— x;‘, . ey =
=]
{

#* ol A £ q V] Pﬁ aLe Goas _ Lo the Cloe fw_)ous 'ﬁoo Pcix'z-»e:awiiv;,.i :
caocluetow . (A ¢B)
£ Dutanca E/Lo Ccor due b o4n Axp L d coddier .

* (Cwocent  cannie d & :J canductor A & Ipt



% ( canest  consaed 54 concluctay B ( Aektie p

wuu) - 5 A

i
»
ii
|
i

P

.L ‘i’T = Q.
A B

¥ Flos ,,Lu)km‘cie u:&fb?}z ,ﬁ[u_'x ,Linkage e é[mx ,benkca_f]e_

cond cet oy ) tFA T R ewe - TV
coatent I T .
(>3
; ) .
(-PA = HC }'__;__ [ ”5.... C{'JC
5 57 z'}' o
, ltT <
d
v iy
‘D“f%—u’r 0ol (xoi«c{qe extmnad
L - {;Cﬂkﬁ? e -
(FA °F .__Hf_ ! T fC{x ‘ odi
Y —=— 1T I s
27 T = ) A"}_ B, X
* 8,
0. .
T Hv IA [! 7 7
SLEC S o o
2 | 4 1 ]]’;"’TB [lof] ":J
* d.
AL f ! [ nl
e [RLy fog o —log iz 4 L[ty w-logs
Ui [‘r e 1e)7 E"ﬂe“’ ROy
= Mo [T | ) it
o -.-___'i._ log o I I J A o e !ut ol
2 4 Z :,‘e C ) Ori B 9¢ |
p ki3 4 g. Je B
e T4 _ . T
Aan ¥ O | IB“O .= 1:&” _FB
“ ¢ o= Mo |La _ T s + T log <
20 ‘!‘
= flo |7 . d \|
— A 4+ 1L [oc (H-’
a7 | T AT e L ’

Vo = fola [7} # oy, (“‘9] wb-thu s/,



. ‘f’77 = R ' @
K jﬂ CLLLC‘t oL 2 (”L CaD cLLL(“l‘.'WL A) L - (PA

‘_T — f{ ra

LA i fo I’_:_’;_—_-}“Q_[OJQTJ H-/m
¥ de\f) ‘o e Fance = 8 H/
A o

s e ' % an le ’Dﬁcu,é Ane oy oo peods allel copdusctou
2 c;«_‘p oHh 'i'- Tﬁe CLL [« ¥ap) at_uz_ (_-‘£ (—icuﬁ Ca c{ u_c'.‘f'c'ﬁ Ca o 2200

(ol wl otz the J,OO’D (o die <t ap ce FUL ko ?L the

ene -
Gi“w(-;H:—

DCL: 200 = 2apwuw

——

’;9 dia = -2 ero : hadiwt & B2 = A b6em.
‘ J
2

i ?&iq OIRED -

LOOF & daaetance GL (oe -

1

SoLvuTron -
Loop  industonce = &7 [1e 4 log, ‘f‘] Ao

7
fo [i-’r 4 !G'?a _jl:"g H/”m

(B

LOGP CncLuci"cusu = :1‘1“19,.)( ’g-‘F}(fOCO H[krn
=y _‘2.4}- 2 o ko,

o
‘.\, {’:'\



Ihpuctance: O A - ¢ Overtear Line ™

K C oo clec et aun A 5 B ¥ ¢ o & D (P lioe é cua._x]r coihent

I,_\ . IE ¥ 4 Rispecl wely |
A®TB ¢ P
# Lot dj " CL_?_ 5 :{a be the .,LF:LC,LDJ betiven Hhe

C’C-Lr?-c”(uc"tc-‘u, 86;9 CA ¥ AB ﬁ—usfedl\fel

# Uocn boalasead conddron IA + IB* I =0,

X ’:(’,ku( Ao i‘/“c’}j e wu ot Axe {? Cli . J(-—LLL v‘f—o CU«\..L@‘_('}%
CO—hCLU_C_-t’JJL A 5 (PA 3 O L0 CLUULL(:{' .L T T
([)A = Ho L J L’LJC 5 CT ‘(LX
2777 :L * DATH x
o (TU"OELLL],)(’“'X e:;(:i&,n ol {}(’«,Lx
_ - L u(x_nkul. e
" ~ &0 0
w LPA - ._fi,o_ (—L- R fé‘.._ I— ¥ ‘j_" C{\C + 'I- C‘L'yﬁ
23T % :’:, i~ A 8 % e 5
3 dy
Ho r { 0 \ s
- 0 \\ i I b) ocC
s |\ F jE’C?L—{}Lj"LA + IB Enjax {,ICE eﬁj
< Ho F~, l -
— — L3 g A e ¢ o
2T [['}' o IA IB ‘0-:7(3 d—:ﬁ v-J_C lojﬁd' "T[O:{’{J(f = I Y|
Lo o ‘LA . 'IB + I{ 2 A
¢ - M },,:.'__ leq 2\NT — I | " o
{15‘ Q—:;:':%—' L(-_Af- jf‘ a B, 03& ':l?) = J:C [O:!Q C‘l; — U



TINDOCTANCE

@,
S . WHE N F’oN@UC‘fOKS_____ ARE  SYIMMETRICAILY BLPAces:-
¥ WH <o d.' 2 Cij-: dg 2ol 9 cand et ot oAl Loid 8
be e o ro el cally [a cecl .  Se = L =
4 -‘:1 P LA - B Lc

> Pl x

ELCO L aqge

<o

£ diiEal B o

’A") LFA

z"i’—' (—f—“-[o:} --'L)I_:r:l'o o — T fogq o
-k T e ) "A” 8 e e

e Mo | I
e R sy g

“Soc T T 4T - . 5 ‘
A _r B ' _C =0 ) «a IB “‘i" IC’ = —‘IA
R k;] = Ho __I'_ W B 5 ‘
“ o [\F jeﬁ> Ih t I, "ﬁecé
. = MeI; |, '-
A °A I og [ e 08 ve b i os¥
pe ‘f— 'f' Cj e .)1_] Q\Je.g‘&ll.- Lty —
23 el ot c X
0 lLon ce *1() A N LA (FA
T
A
S IV T W T / d ]
© 8 -'- 0q . .
- 27T 1 B & 4 HL/""‘
SRR ST S
S TS T ‘
“NDveTance  OF (Conouerors [Wuen Spaces Uney MMeTRICALLY -
# Wﬁgn CLI 7"1 d,lifz d.% 3 92”(){) cLu_Cchu, Qe ..,!,csLit‘L ‘l:b E’&

MJ,Jmm{bichuj «AFCLLU[
< Lo L L
To
e

ot

th e

o C\.LQ

1o

L.

LA B

be done -

= Lc 5 "(ZGMPML#LOD

he celvdng /md .

Ul oD ct uﬁ,‘é‘ s



TKA NLSPOSITION Oe ConpucTar.5

%3 g() T cﬁcvnii .fnq the F %dl (o O v-f;: ccmcm r,“f: oS cCL'

e CL/u_ CLL i “f},z,_ J CL.L& c;x.-LOn q -{ffa < &Lo e A O .Jb(v ot gcc ﬁ
Con ok C_t@“z £CC LLF el “the c;-luz.c[ ool FC% toon O—L exl e RS c
< ‘fo“ eh ceodu ot aus oV ehn oo eqr al Juuffi ance . G

dold + be fx ane p ot oo GL concl et

Keason For Trapsposition i-

A . {
L la, 7
g 3 vy A y 2 é
’EL- Ly .T"Lj d'lﬁ II;Li Cil
J e - (e SN A A

(g
SN

PR TN P tection T ———s>e— pection—
o Lm b e{ = -
lu:e

# Eofine. eo q th {‘L Aioe L ity é el csto  tbhuaze
4 et ont
* Ev - i t’{ (lale) ctu.t"t St & o acde —t% ac Ld13 <) the

@
o et er

migemel,  prffeen s B edskgmebi s
each Se ol oo
K Bq_ “ @aLL o s hon , 7 (o0 oy et e A sccup et 1 ;>c%atmn

A

0y Ae ctoen T , Qcees .'LLE- 2" ot P es e oo 0 L cit o ’T; hs
Oc CU—P et > el p kT oD w Le oo E
* ‘jﬂr T desires 5 c-oﬁ,,j_t,r_c-‘t oz A £ o o'y C‘LU«‘_t Cr 2L ,,QA .
A 9“ A0 =8 oo 3 condactor A Fos ¢ clae ot o el iB :
x gﬂ E’ A oD con .:Lu.,ci‘ o A ﬁc&-& o i o l;d

¥ . Total in e T ence CS*L A s ‘(_A | (ﬂ *rmﬂ od ﬁ)
”qu T{:Eal L'nciuc“f.‘&nua CPA %D i g “:)_ C—Zﬁr J(, " a)(

B3
{
v

( )



== o | ol

T‘ 5 o o Luet o ! |
ok efc»L &o duct e oz a[) ceo dirct o o LC:._Q:_(.JZC,F-E

£ . B:! e antp . 01 oo et oin LA - LB - LZ:~

cx.Ltp) (@) u,(J’Q 'H’)ej Al LR A ;} Tasr dtu_ G QJL,L:/ P u_u C[

(&o] POka_tLOD T l:J>

Froro eq L I., »L[u.x Jl,x;okage J‘L A
¥ [(_*_ log.. %) I, log 4, ~ Ilog, ]@

———

'N'e ’(ﬂcu‘; ; 'LA ¥ & C i.f-J' CD

= IC"O”‘; __f d.,gé@

ST
il

1§

o g

= I(-o.c +j 048’6@)

e S uL‘DJL ﬁ(. t‘u_,tl, bf’j ehe i D\-U.LLA. O‘L exth Ao LA (o {?CLLL

L [ T SR
foc o
.-Je 2.

< P e
T._[&__i[o i R S g &7 : . —
je Oje CLBJ lj0=8661[cqec{5 + 0.5 1 [ogqtll

._.J O.SEEI[Oj Cil
E'.

-

]

- |

: T
JU 05’ A 0.5 ([cq J + rsri rl) .,.Jo %Eéitlor ri -
:d {Ojﬁc,l_l)
= ]0
_t_. ._‘__I.__I{Or H _‘Lc}!;-'j__[d c“.L (-(' Y -0_866:[-"0 C{B
g7 | 4 Je je 3 2 J & Ty 7
e o,

ip = HOI i . [ /
A — —_— "f' 03 : C(5 Cﬂ)_ ) ~f L [ B
9 Af_ e . A + C‘r.(_'Sésé.’.L a K
] 5 j ‘38 r()_
L = _qi{‘:_ = P a
T -



}] CIJ_ Ctg
agnls e

gl g PR
- M i [oj -+ d, L‘{
2

F [ 6. 866 [o d3 i/
FrJ jfi oy .

A, |
ot 4 L2 g jeste log) ﬁj .

. &
Q’A = e _L_ 3 3 {oa 1‘)‘ dlc{a Li Fao . ol 5 Q/ .
& e R J e d i
“’p‘\‘gncLL,LCtG\ﬂu U‘J) c_@ncJ_LL_ﬁ:tt?-‘L A el E %Qtﬁﬁﬂ‘ i
Vﬂ - —F § ] £ . [ CL} C{; o N it_r__ 3
B = fc T 4+ 2 036 va[.fi_gs)_ {Lqﬁ 015 i—l—fm
3
X gn duwton l ceoductay A Lo .’T,’ seclion -

“ic: 4[_— F i on V ClJ. Tji-‘-T-—Bl.fOF —-c-t—)_-:] H[m

7 \ e o,

i To‘;ir:\l CncLuc‘i'fotﬂu_ Oz\ -A3 LA 2 _;__[vq_A_FUQB"-;—JLJ

\ = . ; —
£ L, zdxie) 3 ld. «
ATt ey Thdy o leg, g + alog Ve ds
& S %
L "‘i'J'i',??Bl loje ij + Jl F3 2 fc_ja <
N A
< _ u
=1 xis 3 _ o P
- . ~Z_ - 21loc¢ i 2 [ d
3 9 JE ‘_"—1_“_' + J' e 03 ( el d d )
23
- -
-7 -
= 1o / J + 2leq 35( diﬂ. ol
o Je 't *° ”/
| ™
* | L, = i
i A H/m! /




R T B 3
- [0 2l )
& L 4 e -_:[)..ﬁ ) lioje S H/m

i

3 .
Y d.f d)_ c{a &3 EW\/‘:L[LO"L_ Eq}J.LLGELal

wﬁ{‘t—(’, D

...,L‘DC’LCJ.})C} -ﬁc‘i umgmm b CML-# = CLI‘LJ_..Fr}L-eGl cronchic"fou.
JnpUC TANCE OF 3-¢ Dovpre CiecorT ¢

Dovpie CircoiT: -

Goa eandwctaw

¢ . =
# Jo doub le J onit .go_c"l’; Ph oL e (:’;q.s
Caft Co? the Aq0 e CL(T)OULO—{: GZ Cuarh eot
& = 3
1 me R T
’ ' d. N e .. o o
= S o i t AN
v f e = Ds g ]
B ~ | 4 ' 5 ‘
~\C,{"~ : % i & P B
’ v o
[ )
3
C Al
* Con el o ot ovr Ay B, C —chﬁ_nf_) coe E & in enat . valsiile

CaO et o Ai., B', c «LG‘Lm o oth e 2 '—C? en cuet

* SFQLUEJ Litowes the condai oy ‘i oo liec] - &0 £¢<7

ebove -
#% Coodicct ors Ax Al c*cw._t/ awmest T, 2 TI( t+jo}) —O
R (erdactou Bwpl CmUa_t} cument j‘}b = I(“' O";'.J‘-O’géé__@
o CCH’) d.u,cjf(}u C¥ C,' C(N\'L\j CU_A}uE_ﬁ‘E j_“c = C“"C' S_+Jo 869&@
¥ F{uux xf(,(()k(r)f] w eth H wod
" =2 I L T dos "{_",- o r‘ﬁcLu_c-“i_e:*-“t A +
conduct oo A . ¥, e (+ F :{ 'x) ._LA st o
- ‘X, .
Ho _T,g. e deDs Cﬁ‘f‘f{*t%w‘“l} W
20 x
-.wqt'tf
HaI—C d'ﬁ ({LMFE'@ cQM (‘L.L-f—f@’z_f -+
l.'lll [S L
d’l



Ho —LA'J' Giog A *Eo N *LU_CJJ; 4 A l F
d

o
O
He IB j iz t{ww Ccnd—u«(jjq“" B! o+
T . 4
4 B
44
oy
Ho l j F{ ( At '; (T ale cf-u_et{)—'z e ,
ci

Lub @, OQ ¥ 3 e e @
-

(PA = _ﬁ_ C_#L__ + foqe >T + ( oF >__Jo 2566).1. fcjeh_'— _,L

97T <l
]_ (—o.c '*J O-g(—;ébi (03 i
‘ e (i cL
) i i
—& _i.'._ c O. f -——-_--_—- '
. [ 9. }Li_]?u— »T o9 a4 d]ﬂ@ 5“T[/°7€ e |
L c{ ({ _J’J
bl
T [ Uje Ju:( 7l + 1| tj 'ldd{ +J08’€e fmj dfl-f--l
( e " -

N

—d



7T \F d dy d
=2
X Ly - a . Pa
TA T
L/S, = Mo L foge -J‘f{{dldéd‘f +J68€6 [0
or | ¥ S
-

1ty
‘[‘c? ‘ILO* %+ fojeM "j o ERS !Oje - : ]Hfm

24 R de d, oy

‘Ui) Con m‘kdﬂt & okt ot the Layn e c(,u‘ffm e ﬁ\,‘l oro

COﬁ&mcit@“L B v A . S0 LA = LC By c,r_lo'f' Hhe —Ve
,Lfsin -ﬁc“z Fﬁcu,e ¢ﬁf¢£{- .

#Flux Ao kﬁg € w wh, - He i j o x T due G concluitor B +
concicetor g N VY & F S ®

___I jdz due Tto comduiccloy 4 —
¥ ct.,
H

CL\,LL’tEa Cendu_ﬂi'e\& C f

ks
NO"IA Jo? d ¢ c:Lu_LPbD Ccﬁfff.ut_td“z A

C(t clexe §e) coo bt on B[ o

b

)
IC ‘J‘ ol Ao -+t comdu oy C’.
o g *

OO0




¥

M_&[(': : [cjp JLeLg> C*“O s“Jo 866>T (o? jo- S"E?.E)_{'_ [Oj e J

——L[ O‘g'f 0.8666)T (‘F; TREE . 4 ctf>
: | J’LCG

Lylog = oy T [ 2y Tk

C"P 4 'Oj JP>I6+ 24 (oje C{j F < 2 C{; * cr QH;T’
£ 5 fcc o

Ib[i!e e, + _{e : J

I [ I ]
— -+ Q i :'_'_' + 5 ‘o —_— -+ L [e —— T
( je {;) b e -3& o, 6{4 c je ;g @

) @ ¥ @ Te eqre

_‘L“ - r ¥ J = e f § 66 I - I’O f o
(4 ' OJ"f-’Lde:)COb JDQ) r Je d, e i

oA . f
(-—CL 5‘—+JU«&66)T fo‘?e -_._Cifdlf_,

r et l
o s
C e JLcL(,) (=5 ] e see) I + I’{?L T +6O o égl

v
—

| .

EEA

SO - R
e (—cwg..jcaagééit

= Mot dds
B 451F [+ g e ’“‘C{{J wfm



p—

N

e

1
1

. Ereerric  Fiecp Intensity -

% Forw exP-Moud 63 a wuntt fve c(:cxs,c'je
S g '
s E_){,k.t_bu c ‘-Ektid cotio 4 L’t'i ot L cbv_f._l_ an W ¢ -.—kaorn
i@) ) C.‘L()-‘b'—”- O‘L Coo (';LLL cft}-‘r- [y
£ - Q
2 5
2% Ea b4 o
: wﬁtu QA =3 cﬁcu._ﬂa PPJL ﬂ)&m u(rz_n?’bf') .
£ i P-umltﬁ VC'{':j @L —£m e
x Oo iote Er}mﬁﬁoa E E[w Aot w o v , coe
je‘t VA _ o0
s |
& 2 €, x
‘ 9.3
ele cbue Foﬂn‘flcd. ot C(:,c:xh,ﬁec[ »&tfﬂgu condictos.
D) -
foTENTIAL A1 A Coupouctor Tn A Grovr  Or  Chargep
CondDoCTORS - Ig i J
i < )
";r—,r - A - @ ¢!
,ﬁ : d‘f- : N oact e
“ ch oct
d—)— @ . d‘w' N £ cu-ﬁe
< mLuu:l: ,
i 1 ‘?
: |
' :
* Oo C"PPHL”‘] VA » condbtans A Al CLCqJ,A_L'f._e Cﬁc'-t'uje
Qs
% On GTP’J {nj VB ) condictors  Byg! cLe gt Cﬁcu,ﬂe



£ Op O‘PP,# m:, QC 5, cooductowe  cye

! o %LL..u (ﬁ b Qe

Q.
* A woitt  4ve c(:ije £ 5 r;b'it’ht't';},
& Eu(,?_c.tﬁ.c Fo"‘lnt ol ok 3 Pc‘fln"fl ol ot A e T8 Q’A
POL})t A D) VA -.!-
Po‘fln"ﬁ ol ot A dwa “to a B
. :
Pn{ln“h ol cAi- A A "ll,'c' Q’C -
. o
Po‘hn{l&l at A Olu.( '{_O QA— oz
CcOE"u.r'-’tO—‘z, Al
'Po\(lnﬁcxl +c‘x‘1‘, A duu.'i'o QB 01
Ceoc{u_ci'o-s_ B].
-_,-
pstetotial ot A due b Qq, 0[
Co(‘)duci‘cﬁ. l',‘| )
<) o0 o)
QA j QB d Qc :
-+ =, X + el "'
Jf,l” T P 20 £, x e, ¢
j “a ol %o dx + Qc dx
27 Ea 2N €2 AT €r: w2
d ,
o iz; d_g_
:9:;? Q ('o & — IOQQJL> -+ QB [ijeoc ._[:939 ({i) + ’
QC Goge o0 — Ioje CL2_>+ QA ( [036:)6 —[ojeclé') +
l % Goje © - [oﬂe CL‘Q ¥ K ( rojem B ’ﬂjo C{;) |
J [o I r \ {
£ V= - O 0 (Zm) t % loge (72,) + @ log, (@);
) 2ij;§ (Q,+ Qp+Q,) J
We LOD{D

I +T &
attptl = Qup tQp t Q. =



% Mowrai | [ eddprg helle o U gelay L
A _— QA Je S . B ge q, d“f' ‘ je ‘L_‘ig“

Y€

Capacitance Op A Singe  Puase  Twe- Wike [ine :-

J—-—E)EB
*E
A

P

2
.
rd

T

d

»
N
&
i
ol
-\,*@
{
S

-*Ccmgcjd.u "fwe con du ctews A vp

Aepor atlicd Esi a
diten e “d’ co elier

? Lt Ny /7 -
& 5k be the Hadiw ] the copciicteons Avp

e 3 CCH'? e ot o A

CLE GALLNLL cL cf:cuu_fle ‘+c1; o6
cLFP (Lcai{c“f) O‘L Vge.. » |
¥ Coocla ctoy 5 CCqatnes o oE & < 7 oy
capplfccutim cj) vge.. o Cuz—a L

5 CMJL ¢ clen co weo ot +ve ch (’,L-‘-_$ £ ot P oot F ot

a lsbon e Syg? me't‘l-li ,ﬁicm A .
£ Op

mcwc'nf] +ve cﬁ&af}e ..E\,wm p +o wonel

caon 'Ci’LU_ C'»tC?‘*L A 3 a .JL_LFLLLM‘VQ 1)0"’&'! i -EKP’MD ce ol

J. Edectic -éELL(‘L ﬂn'ﬁn¢c‘f:j ot A

= Y
£ AN
A 2"'7 ?g_ N .
* QD e chx 0o (}L EA L Y, OJ\L/ —t&o (1) ceod wct o A
@) jrem (At 8)

o On movinfj o —+Vve (_‘ﬁc.\_l._ge _LJ,_cm P “f:‘oc.o (e A el

cooductor B, g ot adhues ,io-.l,_ e o ex peidn ce o .



anul A s A S SRS S S S S  S S s EESS aESS P

E.LLC,t‘L;.(Z .[\E_a.[(i vf()'&!hl,f’t’:j U:t ~ q/
B EB ¢

I

27 €, @)

£ Qe oo ('-’”L = &  Tewoncd the conoductor B.
s ﬁ\h_c o AbeB. B

% £.le hnic {L;,Lc{ i’.n'EEr)~.$Cf'j Cd-S

= E, + E, @E vEX

P E

peo ‘ot o N

dane ctied
aag A oof
= Y ; S
S .
20 (E{\,’)C 20 Ea @-?L)

+ Nﬁw Abe wo ok +Fve Cﬁcu.,g@ ot P L rnc‘n.fec‘L

Eaﬁtui’ W o) the Coodat ctows AD . ” Pc‘f}_n'iiﬁl cLLL»Lth e
B[w cooduct out Coo Ge obt eined -
d—x
; ol Ay areo e b
o Po'lr”,e,n L= £'£ [oo ) ey i _i_V_H__ iy
the c‘o()du.c_t ML Ax B 5 VAB DU H S d 4% e CCL“’?’D
H
p - Ld
: *
' VA J( J c{x
INES o =
d-r

VAB: Y 103 W
2T E, e ' ‘c’e

v [/, | . .
- [03(3,(‘1-«31)-, - [Oje (C{'—'d*i-t)r.) il B e.)‘(_ ~{-rolje[cl‘-~}yl

i \{;B ) )_nE > fOJ (C? }LQJ

%
e
1

AB

AR F [OJ d
T %" e



¥ Po ﬁtal o-L xe,m[—; C@nc[u_c*l'ouzﬁ @

wocth JLuFQd t Pom‘[’ BN

& C'CkFCL&LFL-C\fjce O‘L E’,C'LCF;’ Cdnesl.l_j_(_tf}{_)s

= W/
v.

o
e = ¥
AT Eo ,03 /JL
g Copacatooce 01) -9 loe , C= 27 €e ' ef
1032 L/, N

rood 3-¢ overbhead ot mGiton e Lo ot
OAAD ﬂo,d ot the CO4 ntht or-L oo

OL nco accle i Coladatz ehe

coocliect ot
eqat [T oL A e

c’ufcxcli‘ana_ gi Srrnts
Gioe cooductog pes keo. Raven thot AL oo e ton 01
each conductow & [2Tem.

'G(FVEN o -

¥ A2 hl?/i 2 0., b5 D

4 c{-z 2.0

13

oo 4o

Ee—taulrzeb}
f C D2 {km

ScruTion -

* C »

Iy

. — —i2
2tix 8.8%54 x |o

loje 2m}/ 0.62%

R
C - a.ooqéx ro? me

I»C?- 6,006 x 16°° p[km




CAPACITANCE OF 3-¢ Over tiead  Line LF

9 Symmt‘aicauﬂ J,chcx_cl A coo@d‘tm s

P

wndt e cﬁc\,:._f] e

pM d ot L:“"_)‘i‘;o{:i-qi .
&
B C

¢

K (oaride, 3-¢  coodudtowr  Apc e quiclictont {0
ECLCK otf)&#.-

¥ Op CK_P P{:I o q vo Utflg el —h) Coo et AL 9 Co;-jdu_d?}f._;
Ay B ¥C e quithe cEon g+ @’A - GLB ¥ Qe -.-u.sFe etwp_f:/ ,

*® CCH‘US ¢ clag O wn it “+ve Cﬁ CU-_Q e ot (¥'p) i X d:'(L/ )

& Ededbic Fc‘{lﬁ"&.o&i ot] Potoficd e to Cﬁwﬁe Q +
conduct e A v, 3 Fo‘bnﬁcxl, due  to Cﬁ@‘t‘j& Ry +

A .
PO'&D{IG[ clae ”fb Cﬁa&fje QC
o< od 0
- Q
o fe e,
JLLU&Y ITTE, % JaTr g, »
d ol
o \/ S ( f [ ( Q | B
AT me, | % Ve gy T & bag
A
\4\ * Q, fog -—[-'TCQ + Q) log !
27T €, e 8’ ") I, T4
x 5!.?)(.;1 I + T .
A Bf' ICZ o p QA‘f' @B-j- @}C:O
Q- = (gt a)).
'-3‘ \/‘ = n.'__, ’——Q [ i )
ST I Rl AL R
S Qa1 |
A | 5
QW EUL Oge ( JL.) Vol

K C&PCL(,Cf D CL




&
C;\ # A _ F/m
& C '
A {038 {4
2T E,
[ d/ .
Je S

o

Y CA _L(ML 3-¢ Ccnr:Lu_t'—tf}"-“é CA OL & Aoe .
\JLHmmae/che—LiU F[‘LC"C{ |

@ UN SYM N ETRI cALLY Spaced 32— Conp UCTORS ™

sy
&3 2

- cc;‘\@

B £

* SC‘“ L the -«-’>F<1 U:f)i] E«eiloun the CODCJLU-E{: AL (S
U"DP—C{/“LCLLi tA¢ C{3 # &

C =

£ 3 To o oke CA = CB = C,C , L{,T,,cuu. PME_ﬁOO (’é

CC‘('}(LLLC:t_G"L& ﬁnwe '&-, be C].oné-

A < B
/ A /
d - Td. T
B 4\& 7 A 4 “fw ¢
. il d 1 i
| ‘# 2 h ‘b { ii . q{c{i ¢(L1 A cii
_ —~—~— S
Lection T wLeac/ficﬁ_ﬂ seck en 1)
¥ Coo clie ot ok A 'ﬁCLs Po tott ol VA {n Le cltoo T -
v_, : ,._ o< Q o4 e
i = j . A dy 4 j@ dv + j@ cl\(_]
LWyl z B Teb C T
20 Eo e = *
- = 2
(#2 - { [ A [ | ‘ .f,
TTE. QA = + QB 89 —-_.d& - QC Je d,

T 2@4+ Qa+Q) log, =

7 ')



¥ Lo Qe+ Qp + Q.20

Wit o T 2
* QA

A s
IWE,

* CL\ndu_d'GUL A CLCC“{’
-../&E{CIL-OO E B 3"&5 PG

w W :._I__,[QA

[oc -_'.., [ / I
Je o0 7 C?B Oje‘cl:”'“t Qc {Oje_d:

: ../ .
Led B’ comcluct out Pmﬂcﬁcn o
L

tioti ol (o Leckon E ¢ B

i ; p !

coo dae ctor c’s F ot T en w

& fcmcludc}i A occu_Pbu.
e ction i . 9t Po{ln‘ﬁal ) Aeckon {1} s L -,
—_ &

c SRR & Y

-

C —
lHEo

Po tio & ol 5 g &
¥ Fotota op  coodud o A&‘ _é_[LLA-fU‘B-i—LCJ

—

*’ V =
i 3x2TTE, L
¥ VA s i

i . o
[QA [oje-—.;.— i @B [Ojei+ R Ioae cii]

Va
[ | i q | ) (]

[ M oc ¥ o A
385%09, 5 T %% “Je Tady  © Jeddd |

—

[NFE, Eﬂ@(u QA'f QE—)'- Qc‘;:o r"

/ _ [
£ V. -
3 x27 &
e
BXD_FE;
‘ E a
% VA
L0t E,

e CG\.P(LQ}j:cknce

3xaW € L

i . f
N e TR L DR ) d,dx"fj

Q’A = CCQB"i' QC)

| o > f
[QA ’Oje 1—; QA | je cl,“’a,d?’]

Q’A ’Of dft,ild#%
e e

[ 25, m/hj

Q/—\ z l lOCJ
e

oA g, Litac
%

2T ¢, "

A



¥ ('cnfDCLékimu c*[} Al D)6 o F/
) 7 ro
,,O 3&(‘.’ C’; (11_43
o
¥ e 2 BT T s
y el
U
lee -

shiss, 9 - m e oquivelst  equuloter ol
Uéfadnj iﬁ U*D'J’j roroebu ch./LLq “{’3-. c—n_&-lb O\&er cood s o o W

Lo B—chue To Haé, (32 kv o\ruﬁem{ Loe b o

5
conducl oas F[au,cl T < 8 ﬁMLKon't‘c\J P'cu‘)e ﬁf_,s—&r-n!
22, 4. 9’1 the ene

G‘P ot - C&n Cluc‘t My AL oo e s .
ebe cfan 8;,:03 Cenhid €y

J.ﬂng“ﬁh w loe k o " cel el gite

' [ “Titio .
P Fﬁctse s U-e.‘O\{nj comPLnbe '{chxru.PNc_,
GHVE“EJ_;’-
A B &
4.5€m #- N
s P b
* dda > 22.4m . 3 _3

s Hoad aw 2z f)_laﬁk o 2 (LA XTlo M
i
* UL z fOOkr‘O—

V = fleroBV
lue

3
; V 2 V/ . 292 x to F6212 ¥
dk’ Fg L J—Q, 2

e

Eecq UIRED

® cﬁcLL?e;nq TS P - /Pﬁ"‘“i‘



SoLoTion

* 6 3 2 e ¥
- Plo -

d: dldg, = %/A%Q‘Ex 4}&;’6 x 9. 2]
= S .F b,

o =7
C = AxT '8 . 950lo p[
& F8 B

I
Dje (l.2x1t16

. . - —)2 :
C s S5 b xio ;%.qoé‘xu‘o' me.

6.-24 2

e wmaoen ot pfy,

* CGFCLMT an oL -&(}‘L jooICm - giqog Xl;? X (C00 F.‘ ;
S
= §.906 xio F
E 3 C ﬁ (¢ 8, 18 ‘j Lﬂ‘? (ot L—‘LHJ:_- u.‘f I‘C - V [ y
A
£
b, A i
o B U S
D_TTJLC
= } - ‘...‘?
27T XS0 x §.906 x 0
X . A% T8 I L

==



s R T O (#7)

R Ic, 2z JE€oia

35 F5.-9

L. 21314

e

By

c
f, W
"APACITA NCE OF 3-¢ Dovsre Circuit -
A " .*P 2
_ _ndf__,_ _ antt + ve
B,.\ f’ I \\\\ ~ cif‘ R i N Cﬁc‘, 1 Cct‘
i K = Agg b ent
/I ! tl:\\ T~ \\ m.t '4
e s O
B g% i
~ l o e
l g
Y I \
e )
"’la A

C’G‘f‘-&(iolx_h_ L 3_._(} Ao UJDLL \i}t,tu-bt Lo {,aﬁicﬁ ABRc

i%m ohe 3,,_?3 <A et X caod wct our Algle! ~[>C*‘Lm

ans th oy 3-¢ L r bt .

I N

Connent ¢ counte o Ej condudons AN A = Ly = ICHLJO)
Cornent cannted 6# Conduwctois  Byd - Ig: I{—?ws'-jc‘f_SGQ
CLUU._QD“t cevuie d Bj Copce e oy C\rc‘j = Icz IC—OF-"_"FJCLQEG)'
Unc-fu,_ belanced canddion L 4+ £ 43X =9
A B C
Con d wet ows A4 BY¥C @ qutha c’ﬁa.*htJu» GLA ; Q’B Y Q::
') OkaP\_,LCG:tL an G‘L \(cU{,‘t’Lcd P
”[7 Als B! ¢ ondu ct onn GLL O ntL CF?C‘“‘—‘;‘]’”L QA-; QBY
Q.: .Ju_&‘Dee‘tiv‘af:J x
Po Eu‘\ te ol C'i coodea o A) = Fe hntyd A:L%D Cﬁm._c:'e QA
Va Poliotial duxte chorges
Qo ¥ Q.



|
. =

V‘A e
lrlgo

B i
2T g,

L0
LT Eg

|+ 0,0y, @)+ G log, () + % oa €5

r 29 oL [ry] ol E
Q, |94 g e . Q dx a f.d" -+
X B w0 £ A o
Ju e Cl} i C’L dg’
f ClY. ) El“‘.(_
Rel] T T Feig
d4 4> -

1A

Q log, () + % by, (45 *+acls, G

— -—

~
i

L+ 20 Qpt @Qu+ ) [o:] o

e

) N (o |
Q4 '°3e C.ticl§>+ “ [oj? (:"1_:_2&)“# e (T’“H\l

V. '

A
27 &,

2 0
i

[QA o9 (Gt Ylog, Gas) % *9e @y |

1

!

..-—-'—J‘

* Toaons pet ittt oo

C"L con dact o e derne -to obtoin

e w..ml P otin & als et the e el v"c“n_j end -

A
A
dy
B { °
dr Mg
i
b e
«—detion T —> <« Lectioo T —%, % sechoen o
Potentrac Or Conpocror In Secteon U o
’i‘_g—__d’_i_"_f‘\.‘
! 7
I- 1 A”
- d D
" { - . ==t
C g | 4 - --7 ¢
st_(\ 7 _d=-
AN ', - == T
\é:-—c‘i_- - e g
A 3 |



@3
2 Po'&m'rio,l 01 Co—noluc't'o-*:. A Pefzo'f,ial crL cc,()t:’t._l.t‘_itﬂ A duwe te (9]

b
i aeclen T 5 & Pobiotial due -to cﬁcuhj@& Q, ¥ G
0 _ i 3 .vEJ “ £ _[

B J X 4 q, |22 +qf dx
2T E. x > S el
J:, |
o d, d, oA
Q }- dl
dy s ]

e U [ ,03 CQMDV leg Gt e log, (<) +

20 €
Afoaé(‘r’*%@,,ozj[)‘}'(ﬁ[ #)

[ G+ %l Exn AN Er d‘*>
Q |

+2(QH+Q¢Q)[° D

L

s+ G-t 08, ’

'iVLB:_j [Oje )Ld>+Q (Jd>‘+a[‘3(dd

\/

POTENT!‘AL Oe COMDUC'T’OK A TN EECTEQN W5

P el "C’."""'_'B
AT VT 3
¥ 4 ""--.
£ > T~
/f}\ T S'/.._‘
g . ya -
A\-‘ ------- dg - ---- S, ]
?;\ ?S,\‘
N
| PP .
B - Te!

ES PQ&Q‘[IE‘LZ (T“.LCC\ﬁrluc'fGﬁL A‘} PO{LOfL&l e to C‘ﬁl‘b‘v_vc QA

o Lechioo 1 . e Patintiodl due to C€M3€L Q¥ Q.



r o ) o2 #Q
e ) J-ﬂ*—*—(— ¥ %Jﬂd" + ijf** QAFL ¥
lTrEe * b >
"}Vﬁ& d' P . dé
Q, _E&_E, + dz
B " 3
: .

* LLC:%— Oj C >+Q [eae(d>—f— Q. je( ‘“i'7

Ay [oﬂe (Z}Z>+ Ly Oje (W;) t al “Je C_JAT)
| | y
- S RO e (

7 e, | & tege ’»46>+QE’ (dd>+Q o\je( >
| T 208t Gy 0). Tog

—

Ado W QA'f QB+ 'QC'Z Oa},

o]t G+ Gy )

.
Pdﬁ.ﬂ‘{i‘j‘i Q:t c@nc{u_.c_t'o& A 5 = *—::—' [\).A..f. U-B-j— U—C]
i Va
|y & ::_,,_.X;_{___ [ p I i _
* VAT R e @'A "’3 °3e,14§""l Je T |t %8 Iﬂj,g"‘leQf
L Uy foqu el
- [
B #log, <4 |

B

I

+ V :-.Lx —_—
A 3 .___.-—-——-
C’ch f’}:s(

VTE, f"J [i i JJ+ (2 + Q) log [
L

A& ek @\,B‘f-,@c + QA -0 :z> Q3+ Q’c S @A . J

i f [ f L R y
"k Vs Lxl | g log [ - —a_l ,
B avg | £ )""“‘5"}; c'{@] A [‘*fl“z"e, dlj‘/




.A Sl f Q’A {cJ d d
3 257 Eo 3
£ 3 41

* l VA = | QA | ’0 \ "v_dlzdlda d{_;'
ST 38 — d;l de J
L Jo
¥ CﬁPa'dL%m = @L caoduwctor A Q
CA i A P/m.
VA
* C,A = QA P/ro
@"i foj \j""l szdg,ff
2TTE e de2d ¢
S
* CA = 217 E‘f’ Pl
: o
foa %/Tj"dldb dy
€ dgl clé
.3

Th e
CA:‘L.CL(_\:L‘

a0 d

4t cobndwctew oi

a 3-—3@ S o c[‘£ ceuble
tleky Uine AN

tpacad o« sbown o 19 -
u!>uf>,>‘_:’ a bolancecd  loacdl. SL the ine o
th%éd . cal exd oot the o i ive  ond

copacitive waractanca Oi each  Line

P - to e
ALy eum c'nq thot
T

c_‘:) é,otf) Ao en CRAL. Pouu. v_n% 9

ohe O—L the e ot Jdr Jarmoveel . Al detin o 0
the PULCLD'{’: aq 4 Cﬁ)an_qé n Jeack enat. The
Pﬁcu o Lequen e ty RY B s oL the conduetaey

G ol Qi L %)_ énichs -



i !‘Lf%dé !
- AL
a\ Sg’ : \\\ ?‘\/
\\:’\% : h : {?“\
.7 i d A \C/sr A
—a . i N X
3‘ \\ 5}%":’ ~ : ’:’__ j :ji
‘{/\ A : ,..""<--“ :
e/‘? \- ! - '—‘ ~ .
S Ve -7 cL‘i‘ ~ 4
B R;
GTIV’"'N @ATA .
* ‘%I 5o W

¥ V. jioky ((;;ne).

VF‘):: llO‘iV - 6&5 sio V.
.\f_-:?)—

* Jo= Z_ Cheb

X clf.:i‘s;fgig‘:v cie):z EG;F{ 5 c{{:: o_éodr

Ke auirep -

*Taicﬂc{ Lec [oile when both (rnes  oia

woben a0 e d‘[ the i cusst & Aeroeved -

SoLvTron ! -

-;‘f( To _i(_()d 'd-j_:"‘ - 'h!

X
'\\fé%

o~
IS,
X ctl 2 zﬂéi.gft)i@—)c&y— 2 203(:@@:{—-
# [o o

Y ? '?E"
T f[\'\ ﬁ,

f e

dy

f:)-‘x&en"f:' ¥



#& d, = -\/ g_ll"_,. (o = = 2.5,9_(;}{-
»;KTG »‘ﬁxmfl. C’S_ -
6
& 6+
2o
L 1t
Bl

; )
K Q 2 @ 0 N
o 1/ 25 s = ‘Jég_'é- = Jes 61':}';{:':

g

d) gﬁ c{.uuzft_' an v C‘gf& Ui" an cg dj 23— cf double W Colt

L o HO [ [ -'3/ ((“LCI.J_C,& CL’;L
-t oy VoA, -
207 = e 4 #/f() .
‘ .3
?)4,243}3’% c“f_)' — :‘%/E—[qu)lx Dax [6 x(g_l_?,,gﬂ,@l'
' S - = (a.8l [+ ef.
ds d, G 6D x 26 v

f—ﬁacb 2 ratncher,

—

L2 _Ho _L_.fgj l0.81 x 12
71 4 & 0. H/m.

el -
= I L
£ 0 [ ps [03 RS R
97T “+ € /r'o.
= ox g ¥ Q.9 ey g :
TRt B Hﬁn
—~ 65

[ i62%X (o #ﬂh‘

(o= libix i6 kam

it

i

WNe koo 1 ode = 1. 609 kv

MR

C_r/' js 6o ‘})

2

H[m;&,



I

Lz -Ml.62% 669 x‘fc;—? H'fm:-l&

FL SE( m-H'/’md::]_

* jndu_ci{ ve "
Hfeactont sy X - ~ Fj:f‘

-~ 9xT ¥ Sox [B&I X (0

i)(L - 0.5 6 .0 {

o7 %

H CePcLé.L*{“cmce € = ;:/‘m=
Oj “/ d rlb
= 27T x g.srz;x{ohu‘ 3
ioj [B.8l5 13
€
Q.
- 9’:“';"‘)((0:-“ o3
[eo
.5 56
z 9.89 X i1qg B P_/m
c = 9.89 x (o ! fi‘—/'km
— q
c = 9.8Uxto x/[€09 F/mih.

TE
c = [.58% X lo F-/m(i&

% CC\F G;CC{'CUU @

[ [
\LL/(_CL(j—M Ly >(C

LT:FC 2XT X0 X LS8EX [0

[;(C W, 0.06: X o —g‘-.s')_..!

R
&

g




@GP

6 W ﬁ:u‘) a0 e Q_,."L - .L:r’ = . ;
>- et - L ot L SN-Nae OV'QFL;’ ct becorms '3 .
R ¢
e&\/f 7
’v:/ d';,._ K Femovinq Ape i conct
7\65 1 foeant ) quc)w'hﬁ Sog
. <t C}L 3— ¢  drcudt
B . 8
(W Rr'y'p!
¥ [ = ﬁ
= o 3
_ ’ -} /c c’jc’ C!)_
3.7 4 38 y 4
|| Mo
= ‘FFXIE_;}: i [ :,\3/*
[ o g :
2T = i je (l8) %o5 H/m

Vi

(a9

= [, A0S % % fo"-g ‘_77
ken.

L. = L,D.os.—s—x'léda)( l.6c9 H
(ag]
de

f‘Cszx;o"”s%H/‘,hf
(s @4

* € = 2T E,
- P[m

{03({% <y c]‘ o,y
;}L —

= 2 T X &9'97,‘. X (o

| 3 it eyt
Oje["\lgf.rsj X 2.0]
o=

27X 8.854 x5 [*

r—
(M

(2

Pl

th

S FFF
¢ 2 T62x (o " b/
Yy «

c= 962% 6~ 9 ka
(29

7 ¢
i \



C = ‘Lszqu X [, 6c9 P/mliz

E3 LS4F x5 ° P[mU-LJ

* 8nd¢a‘ﬁ¥£ st acteooce X - 2T L
L. Ut

oy : —3
9frx-s0o X |L93x [o

[XL . 0.66 éaq

i

ll'iTj;c
i
2xX XS0 XI.54 Fxio

Yi

deadt oo (B3 )(C =

> Cc:«f)a_x;dlv’a

¥

X, 2.65Fxlo gln—.}

c> Z‘je i rLake (O » _ X
Jdeactan cu (){_) E L (awoeved ck't') . ("“‘jf”‘)l‘ E@'
- ‘ oo
— 050&3——» d*?@é ‘ x (oD
0:-5 86
= 3.464f
P ch e puuware (o X e B
. ‘ 2 £l c ¢ kt
J-,/L(,LQ:L"CLO ce Xr_ CJLWG‘\-'ECQCH-“) (C&u'ﬁ pole ) W (o0

XL’C odu_g’ eoal cid*)

- -

S ‘ "
[Lc’rff—xm sy - BaWdie % 100
2x (0% .

l.%g—‘/ﬂ

kY

)



&0
EPFEC-T OF EARTH On CAPACITA NCE Or Line :-
| ‘
Eef—————‘ . : . EA ;
3 ‘ A e .
A E, [:B e —,

y '
f\ fe777 f/////////////f/f/f///'/////K//// S LI 7777777 EARTH L ZG#‘&C’

Poren TNHD

e Cwictu a cond wet og A

S

ﬁwc“03 cﬁcv‘_ja "—f-cl,’ ot
a ﬁe_ﬁjﬁ‘t Oi Y ro obree obove the th -

~ Jo ﬁwe e au-th ot Ztg_@ Foﬁ.n’ﬁ'a[

condw ctag A’ a ﬁo\f\ruvci o c’f))(‘!u._f e (}Z \-—-Ctj w

consicluad ot « Fu‘g]ﬁi‘ 0 B rochu below the

o auth -

ao c'maje

& [”'J/:./ conudcln a coo dwdctow =t ﬁwﬂﬂg CBM—L] “‘CP’/ act
L ﬁ(ijﬁ‘f‘f 61 \’ﬁi mq_—tu.;. c#f:oovg the e th

_ -_C/.‘{n C'FDCL!-P— CUOC{U—CTC*‘L B 5 Hontn o -cﬁcua_f e= \‘t"‘fg." L
a ﬁﬂfcjﬁ‘f C‘L b’ o etier b Lowo the eoneh +5
ﬁow’e Leh o Fo‘{ln‘ﬁ'al ot Carth -

. Duton E/w AY B condactow G o -

K CO“’)J»C clar P ot P

ﬁc:w\f{og c c,Lr)-"\:t' +Vve (ﬁcL‘Lf}é_
ot a cLLI{‘mo et Nyt b i haro



{

Né -
% %t&%mce PA' = '\l z’-[')l.—f—ﬁ(?_ «  dutao e PB':1[%51+ d-x)’

A Elecbruc f} vl o imhayack j

ot P due T 4q ot A Y — .
TR S &

#* QMQULGO Oj EA e "f)“l‘om ‘A'“EB B Lipw ot oyt
a u‘Lﬁ_FUJ{J {ve i}oﬁ_(_e 8 J

e EJLLCbLLC ﬁu[z{ m“&nJ,c-—E# - : * q{ “__-_-@
«t P C{M Lo ~—Cl/ o <R lﬁgb(c]_@

* @tmdltm oL EB g -;L»’zom Pt 8 dener  BE T o
@macﬁve ‘ﬁm(L'

Fom“l: P d ue to
P o

#% Eleebc =f) Gl &n s w it j ot
2 et al e el Ronve Stoe

comf)oﬁ*’—

D &
{462

ob

* @ tie cle 00 c[ EA' te iJLo (o pte A s it [



K E, | = Y

LA x
IR RTEL N prea
£ 3 EAI z i A @ |

EFE, C 467 11)

[ : o{n_t_ = d e 'i-ﬂ
* ﬂ[’;} wiba elHae ﬁwui Entﬂ\kt'{:j ot £

o +
= : oo
’Erct,’ ot B oo L Bone cm’J coi - -ComF
Y LG Com’)c}r)eﬂ_t A Zoalc B
[ ot Ee” €9y
E! Lint
s Cot @ = _____i”‘____.—
3,
8¢ LdO Cil > ")_f')
' V4625 @™
WEULLCGLCC -[;(’LLCL Cn’&ﬁéi{‘j
)
OCt' P dbLL “Eo \“f‘ c:t// Al B EB o ~“_fOV x(%m‘;_

& @w AL oo oi EB; Ja Jhamo p te A uwdo

t owe  a VQF wlstve Eo& eL .



(

X EU, wlt Gt el e --gutt({ ‘ -, f
Cﬁ'ﬁlﬂit"‘{'j ot PDLO’.' P 2 EA ¥ EB = EA -—-‘EB

['A S0 EA' Y Eé’ okl ¥ OJOPés‘tﬁ' ole utl, an U‘L

EA\( EB 9 EF\‘ Y EB' OAL _{-Gx-ai-'(’.ﬂ ab —VE€

|
¥ Eq_s ot a0t i = 5% -+ YV — 9x . cV(d.-‘x)
el doten 4t 'j TE 2 o o = 5. B T s w § 3
| e e D e, (D e

K Po‘Em'ﬁtkl b[co Condufi_d&t N ok dooe W fnmftfng a
2 anth +ve CF;GUL?Q ot P

AvB oV
TL\J._@m Ate 8.
cl_-k R
'Q,LLL"t r)"E U.Ll:{
i Pobobiol ¥, = Jf‘ﬁd SARL e
i S
dve |
* v - C\/ -”r'_’ h’- = ’ = W oy C‘l-—")C C'}‘C/
= % 4
PATE N J d-« 4—59_ . éf—ﬁl—F @"YD

~

N

d-v

." | | o h "y b))l

{ e_ 9‘* =
o

C19'+ Bl 5

A



= N Lo
T

Va_ % 1036 (d“db)-{Oj A *-[j (d-d4s) + log, (4-"9

__.f [Gj&(ﬁip’l*@‘}t)> -{-’ IOJ C;fF) _,_JL)
+-;— lag (464 (@- d+v9)— Llog, (+6%+ @ Jc)l)

T Take o don ad Y 46> 4 Pl +b=

¥ V= q ['038 < - [oje,u‘z B ,03 T foge,c{ ’oj C?B )
IR I {bje (46>} 4.1 fo:) (4’—6) = [03 ( 46>+ CI)

* Ve y 3 i - T

¥ Ve Y [ol. d ’ b2
Aol €4 et

4 b=+ d
| | N
A Ve U e U afeq (A 42 leg T
SRTRGN " [? 3{2[3") T e .cpﬁﬁ-ﬁ-_d‘"]
# Pobintial ot cobe ctﬁco coodust on = V.
2
Cm“’ﬁv‘*meol ezrsa

R A N PY alog d 4 2 [og el
Heah S
5318y 2 : \m



Y
ST E,

L =

¥ Cafaiﬁtance

LQ:L( 2b
e m>

e-[ Conclu_d‘d«’z A -

CV

P——

(=

Ci = ﬂ_ZiiﬁiiEi“____ﬂf«
A T
A log AL x 22
) Vbt d”
' = l‘ﬁ Eo
CA = s = — P/m
roje " X 3 '
Vb
s &_P)@. 'EL‘[;Q@{ UL E’icm*f‘) O c_'@f)cz_c,ct‘cxou crL L
. The cenduct ons | o a ., »inqle Eore ~Ronwmatdso
| aiq o p
e orne bro abeve the jJLo wodl +ak cfbj the
€ L‘-Etct crL th e e th r_o"to eed woTt . Col culate
the COPaiL‘fance [lim EC{_Lﬁ cc}r)c{u_c—td‘*l = c—l [-5 <™
diaro <tin el . e ccocz’us‘fcﬁ-,k okl 30 mpaff-"-
GriveN
$ la = [Tuo | Had e v M 6 F.5x 1S S
4 o= 3o . s
Required”
% c fk?’
50LUT10NT
¢ e BT Ey F
[ & D-FD /FO
o) = A
Se e
\ 46>+ d”>




N i

E = 2. X 8 ge 'xrqhw' X
TERaao o
: _. 2x 6
[03 T -3 X :
¢ FSxio —
Vg6 52

C = ;gég )('[O“”

[03 . Goe X 0.9 o
Je

]

= €2C 63 xia .
L/m
5.96 1
o — 2
9-332 x |0 p/m

C = 9832 x (&1
p[krr),

Co RONA -

Deer NI TIoN,~

K tj erus ol oo G‘L ol Lok ouod o g the comcducTox

';L ng,:c,{ ‘f‘é (De Ch 20l -

(ov
¥ Pﬁendmencm | o-L vio let gfow, ﬁmioc Nnew e ancl
?hocf et oo oz 0z one —3“‘; <o an @vanﬁe CLC(
-+ anrrowrcoe line & fo0cco oL cah o Oct .

iHeorY Of  Corona ForMNMATiON?

+ An denk oundin _? the cooduct et cont aunt
Lore  Contbed P axticler Lu b oz ém elechh o
tve cenr . ¥ padhal  pmelocalu

& 4 dPP(y a Vo (‘E‘Clje E)[OC EA?_ c‘cmth_cc,‘tC’»‘“’LL mr'?t'cg

3 A CLCL&—“% ata wn o the Co Ocl e 'C',t Gh qu.[\ et .

4

£ Iﬁt(\ﬁf, f{"j Ci POV{_&D-L_‘-‘ al

? s ccliest e O oo OE b

{

S A
|



'&hﬁ coD C{U. C—t o b UJLLCLCQ'

# The F o botlad 'JJ.. ce ot denrel e pe cf ook et i‘,uu_

-q,b_(‘:th_O('U: CUL_ounc'l ;:t%g cond uLd:cMc -t cac q,u,;,u

gre ot veleo r-;d::, —Lc{ oot ico .

+* GT Joe olet 'E,'? 2} o»,) P [tecl wvo (‘,‘t‘a__ﬁ e, ﬂ y‘\—P.CL_LTJL +he
P@{Z(\E Cll 3.}1. c‘l.('l Lﬂa_(‘ﬂi: (o3 ‘ﬁﬁ,ﬂ ce q‘h'!— cftUL th e \{ﬁ_I_OLL't‘:?!

GL -ML»-UL electiont.

+ Wﬁef‘) O.PF Lee el Vo L'baje C oot =45

8»& CLC! E.Ln'{: OL A0 [<\(/(~m > i\}tu Q/Llc—:t?bon»-i
VtLoc_i‘f'j | ‘to J>'t7v-l: ke o OQ,LC’{TL r:xl {‘(DQLLC/\.L

Q/leloru- ,ﬁ\h_cm
¢ o0 T\cﬁimcxiido.
s

Cct Fo‘ﬁ ﬂto‘i

cLC C\_/LLL%_L

-4 ULLi et

* Th o BL T E N olic (o c{:] ‘o 3 01
& vu,ftﬁ.. 0\-1 e [o ede . G klin :} <O

k. P\h O el s 01 coni L atioo L €L ol etive . Ccos t'bfl

.JLLU.,),_OL,LDC{':O:] 'E‘Ji"’e-

an Jomas c\;ﬁi a0 ™~ oLk
{
(‘cmdu ctoe - "
x Thu JGeeothe {o Chona —Lc&maﬁton,
F’ACTGKS v_Q{ FFECTINGy CoroNA =

det\’iOSPHE Ric C@H,p;-rtcu,s s

* UncLe_L J."touz_mj we ather the oL e GE ot Pdu_sqr)‘f

S (e rocie  than porcoal ¥ bence .

OC Ctths Qi c k [:’ () ot (eeter a_f P tlecd Vo L’i‘cg e

u> Conductor Sixze :-

% Co (_Lﬂr; Y CAxE j wloy A M}L’{/et. el a ev e Jue e s o e

CChrocnOa -

"‘



.

7. Y = - @

Co—"LODCL <p Aﬁ&odéd > Conona o ‘_;gc,_,l_::d conductos .

C&det‘f‘cﬂt
¢ ) [_m‘E. VOLTAGTE -
] g-ﬁ O\FFJQCl Ve Lta__ie iy

e deed, Poﬂnﬁﬂl ffuia_ diest

ate und the

Feoce no corhond -ﬂcrdp,mm; 00O,
‘,\D SPACH'\{GI BetweenNn  Comndpoctors - o
aﬁgi ULPth_'LOj befio een cooductow 23 >> e
el o <tan ﬁE) cond actot 5 elechoatotic otBaw ot

cobdeact oy L “edaced encl 'ﬁﬁﬂﬁ'2 Do fohona

-{_o‘#,m ot 9o
7

Teems Oeep JTn Corona SArarvysis:-

'>CRIT(CAL Disruprive VorTaee - V.
Pfa:cu»e S sei ad VGLT{:cLﬁe_

cCL_ (&3 ﬁ tf & (é)

%* M SO 0O LD

Cahona O Cr it
(00)
- VGJA/L{ oi chP (e d voe L‘i‘cx.g e (,oﬁf Cﬁ

Fo‘[in‘l‘ial r:J-sLaoLCa_r)‘f: cr£ A% C:'v/w‘: breatbtdows J,&.LDSCF,

Cc et oL a

| °f, an  t ~L<’tm corena -
ExPression  For VY, i-
A' p B
@, 0O
VN x N
¢ (oo A cdar condactak A ¥ 8 v!a-zfcu._a‘_ﬁ el 6;./ &
dutance N Ly s
# (a0 cluct on A 7 ﬁcnvinj a CEC’U:_E]Q \—{— r:{/ ¥
cg-oc{ LLEII:C-“‘L B Co CﬁcuLSe 1 \___(_i S G_Ppuuccdl.oo CZ
Vo(;t Cta ak .
% Uont Fve c havge e AL \P/ at L eL?.L"[‘cr_n ce \y}
m-QEA_!LL i&-‘f’m A

<r
0 )



% Ele cbu e

%tZLLd b?&.ﬁ»&r&‘# L 2 B @

AT 'f"”\( - A 2 & %
* QD e K a0 cj) Eg « iJLcm Pfe g i ek

L a u"\L.f)(_LL':C‘Vé, ﬁﬁ_m

[ # = Sp N : U,_‘-{:L
b :JLC ﬁ:jd (;Dtié BJ} Ey = @ — @

&f P L e ﬁ, o iﬁ Eﬂ GL_'K
# Quedtioo of Ep & frer o | penen &

a  atthackve ﬁOJLQL
o Rostt fitd bty (bt

= +G o e chLch)

E 2 - Y
275@"( 9'-‘7\.-80 d--’}C
-
£ - :{, o, f i
2T £, ° I

* Potr ol ol M’dof;ecl 7 o s .,q d

E{w Ab e Conc’ut“,t oy ‘} \{QB: ‘[ E. ol

S
a d-J
AB 2T €, i s o
X

—
o=

¥
<




Ws ¥ _E Qﬁ a N e! 8 (e CC)ﬁC’ e c'.t—ﬁ-"?
= e Wt al Veap '

§

gD %ﬁ
d
Vop % / wd
= Ioae_i; [z(d__-b]

x4y, E M e

VAB >
% >
Lab @ i O
E -
[
VAB = Vcttctag
2 s (e
E =
* Wﬁan
*# Whes K = de g
N E.
d-s w d-
){5 =
*

E s L'DULLCLLGCL .

Vo x 1 o
Pg [cj i "LCCLL‘L)

Vo




+ Nﬁeoj zﬂ = 30‘#\’/@' = [dea,k down J:'&z_uvf‘j'&b ¢.~£ ey
. L O ax a:t ?éu{) o—L FHkLLL wid ¥ lg—‘c
opplied  Vettage Vo o Y
;R I Ve
sleg, 5
i
VC z 3(’0&%»& {Oje =

%

o

%

sk T&kmj C:Luaufmf,{j —La,e"t'c’“‘t— 52

jmo_x 24 EVENN poaty e ¥ 'f—"tm‘?g,'w:ﬁx.u

T Fou b da . bakrameliiic piris tre oi \ o eHiis
\g. b e : . _ = & .
b Y 0" Fu e“!b ’t c . ; el \'3 O Ly 3 Oy

Y

OdﬁUl«L & - oL Cim¢:“"£‘3 eL(l ctor = 3.9 b

27 34+ -

d
Ve © 3"““”’56’%[033 e

C

c})’Eo acca LL_O—E
) to, = | — F“‘u&ﬁec{ cood uctow
- 0.9% "f‘o .72 — (,'LC/',__[:' Cé)ﬁcJu_{i"m
- 0.3Y¥ 5 @.Be 8 $ﬁ&nd€c{ Conc-luEi'd’a-!

e d
R L

C

B o e BN o i P . ———



5
{9 Vieear Critccar Voirtage (V, )i

K Mmcmcm Fﬁa,se— ol al \/ot"f:‘agé‘ act u)é)c'cg Catam
g fc w3 CfPetU«.L el aloo‘? b e _—Uu')e ccr)cl uc“i’nu. "

4 Eopirical ~é<’~‘:_mu_[,q _ch,_ vV, o

V:m\fﬂaé"}t[!‘fd 05]{0 .._i_
Y e N i k"/pﬁmse

u)ﬁ{he i&,\iau(&ﬁ“&y .ﬁt‘tc’fllf@‘z mv pei 1 -Lc»ﬁ Fg fjﬁe—t
copda cLaort
w0, = o. 72t o.g22 e

\}LOCL_7€ condwctore .

r . ) |
! flfgj‘_g_i“ (M.o 0 a fveé} L ot aidcal CL(MLLP'EL\:’QVO (:ta:} e Vc 1%
52 CHhen<t gfoco &F.Feodus ot viswal  watocal
Valt &3@ Vy
o]

>POWER Loss Doe o Coron A -
® \/Lof.zﬂ” %iew‘) ﬁuu,mj .,chu_mc{ X 0 ZOMRE me on

do_@ —CO Catopmda d\,mggdf!. ) FOL{JQ&L (C}LL

v Pot.d el Lcur& A l(:[t’.\f'ao 6:}
P- 242.2 (iﬁi) )«‘c (wv) Py kw/kmfpéaée ,

(A?ﬁ ehL JC > ~£JLC_ qrAeD C,:! @—Tg ‘LuPP .;f CH'ED
V = GPPMC[ Vrbb'l,'aﬁg C‘f»mes)
VC b C_‘r_:_v_'ﬁ_ Ccl!_ GL'LL JLLLF ;t; Ve Vo ("t" C’LQ " CY’ o g> 4



Metuams OF Reooucing Corona :-
X BLj {n e aling conda oy Nl o e
- 7 _
., WBen Jead wr (e ‘o che ated " VC TRt Lo
VC o vadius -
. {1a H’—‘Lje ot c,oﬁc‘cf; Cave0O oCc AL ‘ﬁ‘f\ 2L,
e . %_Legt., L Sedewced -
%« By cseasdng condudtor  dpacing -
8| L e
i B:! dac_u.cu.iog \d’/ s Vc Af L Y Feoce
; Dthe AL e
coraoa  offedi  on dedued  becaue ol &
&
Avvantagee  Op  Corowa
9frﬁe cooduction 01:» alh J;L_LLLOLLDdc"nj the Coodwuitas
d e to Cthop JerL udﬁ o th che oL e o
dz & ¢ o4 b %
xroetin ood w et This surulth ©  decre one
& aledhosteatic Shen bebown fthe  cpodecton .
c‘tD ?&duuu. %-f)ed? crL “biclru. c:m—f,—; F\}LOC{CLCLC[ b
Stk el -J
Disapvantages or corona !
f) C@&,onq Aeade '{_O f)dcx?(*,, [O—:U., ¥ G——E—ée.tt 5()6
'ﬁm&méuim e_i-{;c Cuuocq
69 FC'\‘le G\_ﬁm OL oczoene \..'LKCLCLL ‘—[—C" Cb asédan o
CGndbLE{—d\& : l
C(D %LLL '&0 CHroDO A 9 o, - b (:OL'\I&QL"CL CL[ C'UU’J'LQD_{_ i&
dvaoe E:J the pe v Pence 0an -~ Lousodal
vott mae ObaoF Occadt .



‘ =
! 0{ 5__4; Gne ﬁm canca ctont 20 o Al aroetrn -‘,é.fDCL(;ECL

Ao Le e VL—E’L—QO%[’H‘) ciz
gok\!(mcuc> FULr_m 5 -iioc{ the &iLuLLLF°Eive

i col Uo(:tque T)ﬁ thbe lime . Take
‘LG—do't 3 = d. Q59

e qruidatesally (o op ot . "j’—i the

ark (&

atr dencdte

> é&mgulcxu‘-ky —L(L-G"IIIC"‘: Mg =0

Griven -
die 2 2ero g K= 8 . rem.
3
d - | o T = [00tro .
8(’051-"1? 3OI<V/C¢T) - a6 kV/Cm - 2.(*14' kU(Y’mb/Cmr

=

&> 0.9% 2

(Y720~q-

o
Eng RED .-

v »202 (e Valuo)

C

SoLoTioN -

VC i md jma,x CCJL {dje (dl/“") kv/pﬁcue C{MQ
= 0.9 x 21.24X% 6. 952 x 1 X [‘03@ ( fc’lo>
VC, > ¥8.%80 kv C"‘“g/,;ﬁcu,e-

VC i 2 q/3%x 8380 C 2 [{.g:l‘kaf-
‘D e
. 4514 kv
VC oe

" oA (32ky (oe wa ot L9t hewn diad  cendactone ¢ built

La that caLona Stokes chu,e CE tbhe tine

vof:tclge
@i e i 2ia ky C(m_g 3 S'L the value

C’L Pa‘r'fi.nﬁ el 3JLG. drest



i u\ﬁc‘cﬁ fonurotioo TCC UL e be Ffalkeo S

30 kv pek cn o ic’ﬂd the VLPcz cfo:? betie <eo the

c‘ondu.ci'm-
Gtrven &
% dia 2 [956ero, L o f«CIE‘G/1 - 0.9Fg <o .
# C) = BOkv[ - ¥ [ :
. wum = v (cms o= 262 L\f[ﬂng)[
V2 )[tm L {0

Ee QUIRED -

K 5Pac€o$ b[ao Cmc'u_cjt'fk‘ns .

CeLoTion % s
£ . [ 8 kv
K VC mogjqu E 3 03@_ e /pﬁma
O{J»Lume COOCJ u_c—k(M_L "[Tﬂ EE meoc"HzD mc 2
oA+ Lt aodard "&m,‘) Y PML&-LL‘-LE, R
f:lru:uf 2 X X 2624 x 0.9%% [0 ( d kgvros)
q 39 0.9F% .
(2l.2% = 06.F%F {o(c)e (o q'::fqg) phe
120,25 - (o C q
— 3& 0.9F8
Do.FF

dq
ij > C.83%F
ve 0.9F%
gaaX[Oj d > = E.83F -
[o

0.9¥8

[o ( q > - T.837F
o \ 0. 9% ,
BT T

[o 9 N> o2.53%.
[o 0.178




= cgﬁ—flfoz}(zbg-?)q;)

C.9F3

—_— > 34424
0. JF B

d > 244.24%x 0.9F% -

[d - 236.% o |

A 3-¢ . sro0kv, SoHg ancoinios Gpe Coodtils (;-L

.5 un Kadari c sodactox VLPa czcl 2 ro mPM’[' o

eq}ui [ Ou-t(‘z,(fkt _}t‘;_; a) % ol aa Eﬂm C\t{ ao ., SL the "t?:m P {‘LCi_t_LLka,
L .f_o"c aod ot m%(pg QALL PJ\,M._; ALl L 16 o 5
cal alats the Ch oo [CH:L pe= keo c?; the (e .

Take , - ©0.8%.

GrrVENZ“

Jz [Cuo
;F » So H '5,

2 .3
mo (] =3
b z 7’6 o,
£ - 40°c

CL 2 Jdfm 2 Nooww.

V 2 21_0&\( CCA:DlE)

Vo QQ_Gk\I/‘rg - [2F.0 kv CPI:@L.Q)

EéQUHZG{b_' l
rTo %Coc{ Po e ek [O‘LL. LM 3_,_._T

_rgOLUTfON :l

p = iff_%_&, (é”ﬁlg)‘/’j: C‘\/-* Vc>legg[<w/ kmfpgt%e



i

C o Smuk’ F'«‘J'L[O(je __cic kv /pﬁm_e .,

Aarurme gmax = %ok‘\r[ 2 200 kv (w09 /Pﬁcu,e-

Vo 'p)
§ 2 3.926b
23 3+t
> 392 x 346
—_ e a.95 1€
233+ 40
VL 2 085X 2L2x 0.95(8 x Lty [, 200

V. = 125289 kv (ewd) | ch@e,

P = 249.2 (5_O+lg)
a.95 (€

x (123~ 2w g-p)x a4

-_— S
2 2422 3o w 6.0866 x [LOF6IAx (0

0.9%1(8
P > o0.02n ’<Wf kmj FE’M&,

Va w2 [act o o
POLL'Q}L '(5’ ’ﬁ 32 3)( g:03 1 kCO[km‘
[}

._PﬁC\LU,.
. 0. a63%3 km[

k ro,

?Eomm‘rﬂ Erreet:-

o qu},,r_ coodu c'i'odt ﬁﬁ.& ex"fis. ool ifﬂkk' J_,ir)k a_je -édz_cam
_— eijﬁ Eou,u'ncl C s ent CCLU-,% c"nq coodu d:'crz ~

# ‘Tﬁ L q VAR IS e to Conk et i el e g a0
Ou_t’b Lk foece

% The ey o Lub{;t ce Fos o b o Covn et el B Boctron

# [y hop - wun -af)o‘-t m Gt et dis i buwittor 9 RYETS
s



© - o D *-ﬁ:

. an'i c;FFcuum“E &p G AL € o serictance.
k
L)

( ? K *5 btcﬁ -“ D Q[_;Le e w Teroe Ci L FJLOX c‘mc'"i—:j

( Lkge B, .

| e RLoxc‘mé‘{?U £L_Led_ o= 8 (eee Tp) OVe}LFLL.chL (o ez ~

PVLOOOLLOCeCl o cate wL cob Lobs e the
diataoce b{w cooductare ¢ wroall .

TN:D UCTIVE INTERPERE—NCE NITH COMM ONlCATION [ ine %

a!lovj-fcu_

:]—,é . Fou.w;( lina i \ru..V\v\.i‘j |
Have. ool be gn (nbexfexence_
(va.a._.. :t Lo ) éo""t\
m_l_‘,_-_ aqcocﬁc_é.s.

(n "Itua—— Comw\u..MLﬂL.‘@V\

é.’-LLc_L'fo.sLo.{::c__ QVJ e-l-ﬂ—C.L'—"\’O W‘Jﬁ

A< E’.n.c,L'-fasLa-‘-r'c. eé—éegé; ivxa’,um V‘ol ‘:a.g‘. ‘n

] s o An Lu.k
Oomwca"‘ﬁ\'\ Gina, wobaels o!'“y\'aﬂ‘" R At
IDOclj ) \fe__\,\_fc_leA ) Lou.x[o!.tm.z/s Al 6%}&@;‘3 6]2 CJVV\_’DO.TQ_IQ[Q\

&1z,

% Tha eLLLL_Y,,M‘:j,M#a efdeck pveduces cunvenls,
wohuch s Supevimposed on Mo Lo speecl
Coriwenlks (n Thal Communication 'sijM'Q
sndl toune.  Bls Lewlisas

Rfe, Ane  edkeh dperde oo Ao
disl:cmc_n._ }oe.[:u:eﬁ.r\ ’ff\_a_ }Do«.og_Y a-v\a( Cdeuh.;cq-;(,a“
Giwnes ound Fha &Jﬁ’f& of Mha- N ey Ry

uoluc'_.L\ "tB\_o_j a2 _ fb;\:’.,b_[ i



™ e F
Y L
[ 25

, . £, 4
* TNTrRODOCTION

For Ut il ;

* A
c—}) Fau)v:_ -

\9{ C\,u‘ﬂ fofwro

*

]

5’ en u_chE:l

ADVANTAqes

CONJ}OCTOKS %

PESS——

coo clu o g roolise el oL gcl iﬁ "LTL L 00 wefoo

Y CO[D‘D?&, c*o—ndud:m,s Ght s ed

O Arorinio M Over Copper  ConpucTors !

4% Lo wdgﬁ“l’ ‘-

*
R

COUD.—

J,e o

catlis

conduC'(i\fc'“I-"y ¥ Cu& cotooa Ao .

Disapvan TAGES -

K

% LCULJ e

[0

aslc -

lT\fPES Op Atosintod ConpucTOR "
* AAC - all - alwmindam condecley
% AAAC - al -« alwrodn dre gutc:'j condu ctor
X ACsR s aluro dad tun cooduddey sfel wein vLcﬂLacf -
% ACAR aluroinl am cenductos QQLOL/ Mi@tu_ct -
NOTE - A lrodad am coodactor L Aean ou cad wocth
Ll ‘o (pcheose the fosil ,;,{;:LLOQ@}) _



CLABST FLCATION Or  (aDUCTORS >

.L) S{X@Dd«td coodactoue .
CD B wnd. Ced coodactaort .

) STranDED  ConpucTORE!

gt Tﬁﬁ# AL knowo at CO{‘OP(PL‘E:I:'& COOC’LLL C‘E‘O“z, .
& ’ﬂ':e.n:l ccmfafse B~£ oo & roowe ml&men*& @) straocs

Y S . cLqu o F ok alle] -

£ Nowco c»LL:’ LR aodad caoductont. are  wsed —Lc“z
ovet heoad Fr onr rouaL000 \,Ly ste et
ACSR , AcAR VY] t:i stranded  cooductons |
ApvanTagee:
% Corooa ot ot cne  ohedecrd dwe To [C‘Jtuﬂ ch
Al aro <ty

59 Bonprep ConbocToRs !

K M ade LLP O“L oo oL ro ot Lubcond uc‘}.’c‘& -'ﬁd‘z,mux)»
a J;-COQCL Fﬁcu.e coodcectoy

% Oused | "LC”'L '1\(]\«-_1._ Vo bl‘a:}e perocs {'_L'ct(?_l.mtl&.c"oo

ApvaNTAGES -
*




=arnnnia T T s =l .

| =N
' CLA.55inCA TION OF? ConDUCTO RE & : @

QSﬁaociLd coodwctar .
f} BU&OC’[ Ced C,@nc"r,cg‘t“d‘z =

) Stesnped ConpoctTor:
#* ﬂ (s o lér)o O aL
¥ Com,')o—;gec{ G_L oo or makhe 0% 2t ardn »e_lacbclcof’tﬁ?
o PMCLqu.l -
% Ored .Lcux, overbead b A LT bLUJ&m'

mmpo&a‘l cooductay -

 ACAR | Acsk ahe 4R anded cood eectont |

ApvanTagee!

o 5'{31,<LOCLLG{ COnclu_ci'ML ﬁwg 'Cpl,,a el dloro oty X
ﬁeoc-e CaMLo N [diea Okl sed weed .

@ Bonprepr (onpucTor :
* Mqol_L L«P O-L —‘f?mo Tl »LLLBCO() ({ ce c"t—CHLL -£ o2 o L}jj
a8 tAc”oq (e Fﬁcxse cooductos .

£ Wred ‘LC’“‘L pocok T ensenies G ot ﬁt‘jﬁu vottuaqe

ADvANTAGES:

9 Pe A cad Aeactanc -

:Dm
Dy .

:DJ, PPt on fjubdﬁbq vy L {Jer X, $d e
cD Reelices o \LLL‘LS}Q Cm'p-QCIQDCL.l

L - Q_XIE:F [o:je

(gLLLLjQ ch'),przc{ance o e-EL-'-

y) IR We N3 GOPE_C‘CLDCE \f/(/u

SR ULh e Etmd&oj I 1 L
Ct) E)ec' teed vo{t aqe qhad dent -
( J

X



—_—

oy
=

( & Unit = ‘E‘

Vs @ 't Perrogmance O OverHEAD Lines :

( . : .

K Pea_Lozm an e e oL cw\rm,ﬁe add (oo el doetie oo ecl
' f -

( VLJt.bm . Uottaje cl,&,oP ) Eoe dosiee eLrLc" e cy

{ cal cl ate d AL t’Dj £ . L % C ¢ m;{‘c‘m'ﬁ -

CLassiptcaTion Oc  OQuerHead  TRANSMtssion Ling !

Besed i on the Aibibotian CPL copa ataoce ot

(e C’ovu,t'wf)cﬁecf oto.

T
OOoHorT TRaANSEMISSION  Line -

¥ Jlﬂg’{’h te uf'f}a Bo km

« lLpe VObtaae ¢ 20ky:

+ C'cllo actance eén{)e e Ak ﬁ«?;j (o c‘ffif‘,}

) Meprod  TrAnsMissron Liner

# ULLDE! th ge o 240 kro
£ Aipo \/ot‘tuﬁe > sokv but <ieakv -

"’\E‘ CC'\/) CLC:Cb aDcCe e ._/(_,LUT)]')QC{ li(') '-éc,\fl_m £\~2> CO‘-"‘)C-{L.‘"’.-L Ak
¥ -Aﬁ cm‘fz d QL Ly, 'EF) g < C{n Q ot  op ¢ O rpohe
Foi’at .

CLD ,(OM;! TransMigsroy Jine! |
% (ij eh )zzfokm-

R (khé Vje S raokwy.
7& CCLFQ C/Ct L ‘u.. Ctu_tLLgc,CfI C/ C»LfLLEG"‘c.m[ f:[vw_o E_L r‘?o Ld:
the .Jenaﬂ&h crL the (ine j {

AMporTanT Terms  For  DETERMINING (HE  TERPORMANCE &

b VO LTAGE EEG;ULATtoN;— |
V e ol wlation & ( Ec—: ceeyep t’_OCL\‘ _ Ke cecuen \
‘S] J N L%'Qﬁ g Vi /a:brwo eod Vge \)‘Z},

foa_d £U_‘

(oG

?5C e(_,\{l-ﬂnj QOC{ VS pa) Of& f-t_(.C( rO_.

Q0

N



ya \/jc \Hc:}c.k(n'ﬁoo = [VS'_ \/R | "“
N | x oo
Ve |
e Vje Jn.c,‘jt\(c‘fh(“h ué.ﬁcjr_(td\ be [o::o

(¢

l(‘“—}f_ l:) oty DID 04 att N

,
i

@ Tears rrssion EPPrcrENcyF ;z
. A

/ fZT 5 Pe_cuﬁvdnq eor{ Powah.

/ X (o0 .
5 er c"' mCJ ent‘l_ POUJ ety
Vs = Vg T covg
Q'T R X (oo
) V., T, co
D s ity
L e lokaii - T% C[__q C{o&)
Lﬂoq fouu_ = 3T%p [_3_:}5 CCoe)
PEE’POEMANCE 0
P _
, =0 = Braps TraAns rMisston Leng =
Fguvarent Cecort -
.
— AAMA 2 :
/ flﬂ g X, 'T £ # CapscrtAaNce Ts N@@rﬁécre‘b_'
V
%

] i

- -J,eodt:oj eod \fot%aaé‘_ /Pﬁﬂ&e |

2 VFZ Y Ao celving

y eod votbagé /

£ V,

phose

-.}L«LLLL'&OJ’)CQ.‘ C «Lc-*i Loth Ca ﬂclu &‘t‘}"—‘) (
% XL Y _/Loof) JLQ_CL(’__tO\DC e

¥ Rr -—> _«LOOP

* I < VLO C‘Ld Gl gn% da gt \fh LLDu oo angle ¢ |
o/

R «/ d LY

% Cos (PR,._) Jue_cu;véoj end FOUJUL 'fba'd"’i C‘iaf]j m%) {



e g s e ks - Lir e e emdrac —wo o e~ onanmec e S SSRGS A

Piasog  Deagkam:
SE—

.{A A ‘;: D ol Je Lu_’-u‘ OC e

£ Ve

*dhgu b{w \/A k\/& o oL
* T "“:J'L A By E5 ang L ¢,

Fxoro Fﬁ(;\L v dLaJJLam .
- . oP -
Gt Rrjo o A R
? 55 [“"'(?K
—> ) i
T o “_r[cu,rpR_JJ,m cp@)
—
7. V4 TT
7, [ ge] + Lo 1,32 1] [529°]
' Ty 'TerTy (‘cud) - TEAL'OC:PfJ
V. = \.VE + TR (ot + TX 0 P 7j) =5 Vg R

. : - )
= Z ) .
= J Q/R 4 IR Ccﬂ»‘?R g5 IXL \,!,tn";’R) -+ (IKLCmTR -—TKJ,J)C?\KD

N

Vet et trmal ] wva _’u,.#

o )
v
iy
t L R : _,LC,(‘)
R ﬂ:vg + TRCHP, + TX, ?RJ
-
=V & + Ix, &0
v, = Vet IRCHPet IX Te,
- f g i - l’ 7}‘.;4_[_ _’f_r[g-qLDC’r
The above Hoeroaula UL 3’~j'3’]’>wi’-'t'~5u- E s B dd

P g ety ’ECLG:EO‘!‘-L'



(
L’/ k¢ c rl( (\! Oy - L/: - \[
/. ] 1 { . [oo ’
VE
|V TeCoig, 4 Lx, weor
& — W&
\ X fo
- Ve
Z Vj € JLQJ ol ateap ' T ' ,—_
!, = ECO&TR + IXL“LLh(rg
( ‘L7‘]mj [Jmma V\ X (oc
chhtt‘*g L K
TE'A;MS Mtsston 1 L
. L
v fl Pocuen delivese o
- = X too,
' Powew oleliver, d + [orcee
' = e T (ot @
/o e R, ¢ 106
I, Coty, ‘FoL 2w

Puasor Dragrany Ny ¢ Correns ols Rerereuce Vecror:

[ & om0 u‘u'ﬂﬁ't cmj Cecl Al ape (
@™ = @D+ @>'c‘)L (

(

V;}‘ - COE+ E'D)l._}_ ( DB+ BCDZ (

@E‘ G, - IE) + (\/ ugcmp s rxDl (
d@r Cﬁ?+rﬁ>+(v$to?_fIx> (




9 / V:’}C Ju‘_Ur.\LQTE_U‘\o - \/(,7—4 \/;3 e
Ve
LD Seo t[cbj eocl r)m,uv& . ? ) s
{ e ot e 4 .
. Vo Cou Pp LK
Ve
('Lc> 7/ IL > Pocoen deli vered 3 il
focoer,  daldvere d + (o1t es
' = . I Ca
/'L z ___\i“ z © &q)ﬁ;. — Xloo
I'Q_.
Vo I, Cospp + TR
[ &”‘ b o 3 Le Ftﬁﬁ@e avesbead fr ans ol o [oe clelsvers
" llookew @t B3kv ot IEPf f“’*ﬁf}”’ . TBe total
_,k_u’ui‘omce v oouwddive Xecaetanc € a the &ba oAE

(00 ¥ [T VLLLFec’tz:\.’QI:} . @ o e 95&0(‘{&08 e ol \[38
LD J,ao&c:na eod Powet,,u.Laci'cML 5(9 7, )
erEN o
L) PE 2 |tookw = lrooxrogw
u) VE? 33ky = 33x 0%V

; -] N s o
cc‘Q Cc»sapp y %5 Fip’(\{lﬂﬂmr@ : CPE > Cos (0-3} z 36-8%F
7 ~ ¥

c\r> R 2 fon KL? femall

Peaoirenp -
AR R AR
Sor oteon
Vg _
% e Tz
N g, ) Ve <
AE/*‘ (yh\.// <
T4 o



KA, - Vo je = A3cooV |
wl="T | Fr ‘
e K = ltoo X [0 lf-f 6
V, co . e S e
g 2 (PR 3_5er3><' .5
>
'{( I I ((QL 2 5
— LLO
S Po ] 20T )
w = A6y 0B fa.l
- (or-jod)
38,4513

.._j o B

¢ A Y

> o d 03 enc{ \fot%cnje \7:’ = _V_D% ??
. : K
¥

s T 33000 3 (33.33:/‘lc> (
= . 383000 +63-33 -Jlg)

fFars.
Vf& 2 3.5-?1'0%,31& jlro
) ol oy oy
] | . = v Ty
e P+ Ly ( pboc :
P b d_t.a_j-/-r_.ﬂ@

=~
C\oﬂ (o b/m VA‘F \/‘%
VA z 33Fog. 3 +J' S &7

D< =3 Cl().—, (‘—D—-—gﬁ_o_____
33%08.3 > IRk

bt NS
( P &t b 3&!1 C'!_@

?& ’ CPR 2 36.8F °y

o.zltlcff]
¢, 23%.29°
—
m) -
/f]/ 5 Pc.we..nt_ Al ened
e F SMuvehed
Pc)cu-a',, ol o

:TVQ'Ld'cL -,L LIA'DEL

[0 cas



' 3
(oo ©7 4 (4 1.61)
\ 3
/’1 2 ffec x o~
ATl m g
5~ ¢ Loe delivew 26eo0kun

2. d
| doad. 3L the .J,Q_Oxrlcof]

\/’D[:tqag

)Mm\/mj end Vo('tage u) Line cuwssent a).-(/

Ssitan e ke actance
¥ S S_.’.’L 5 Jx.L&")eCJl\fQ)j .
Griven -
E)R) C.3la
@ X > S caa .
) Prz B6ookw = 3600 xr0®w
(ot ., 0.8 k A s 4 o
"l [ lo 36.8F
) B P uz,)..gffm
‘fg VA? - 323%00c CC{()é)
= 38000 » (qo5av [FFS’M@
V3
EEQU?R&D -
‘E) VEf Lt) Aoe  cevnest c‘cD n
cC_ .. '

OCLUTION

V.i, /
75
X /
e
Passor ;‘qu R AN

Qo

X oo

at @ P’_)E @ng‘aage‘nﬂ o0

C{ {il’z.m cne
Tha

i 33k v,

G—é eo_cﬁ cono{,u_cicf’z, ale 5T a0



F‘,.‘z o0 [»Fa L gy dia \] Hhoaeo -

\/z) = VK’ + I8 o (PE F I X, 4 Lo rf’g == @
T < 7F 7
& 1w rg : kf%éoc\x_roa}
3 % ‘\/E Cu»srpﬁ Ax Ve x 0. .

I‘: (5% I'Og‘
—_— —0®

Ve
JvkkeD @ O @

— t |
(9,052 = Vp 4 [_[2(_“’_ xsfalsco.‘4]+[fgxmvmr.;4t

V.

v V,

| X
VR‘ -quo[’—l""g = 191'35_800@ = B

%_;{g4gqv Y 661V .

VR‘ cao be (84 35V oﬁ-n[t) v nol 661y .

«-JVéz (B 435V

> Z 3 [Ex (0%
VE/
T. [sx o T
(E,q.ac
!f: 8r.36 41
/I i
X foo
ID,Q + C',‘D'E [thfc,
- 8600)([‘05
D e S <
% o
3600 xt0” ¢ ngsr*%lx;%k)
: 3R
2 rl( - 38°D><f05 -
E  (od

— - A~ A~ _— P



T

Auna. fr . G (\HrE} , 16k Looe avel P’ipﬂ;f (foe J_jurr, et taanku
At kv O’gfp’f Iﬂ"??“.“‘:j . The (oe weritance (0 Go3n
i < ¢

PFTU I,C/Emf (o ¢ o ductance w a.fro i'f/ ]“’ﬁnL P [[m . Calewlate

Q““C weoddo U cod Vo [_h"je Lt> \ﬂ] e e 9 e Lection (1:9 7
\ [ l h;E:'TC‘Ln.L v

Griven -

DB”(P vy Lo (6km -

LC) -—L??C’Hré,

m> PE > loookw= loooxto

[\D VE 2 kv

B “Xm_} 2 B o gV /_hﬁmt@}

i

\D Caiéf’ s LS Ay 36.8%F °

Vo) 1,/' PﬁMQ/km > 0.ToH » 0.8 (6°4-

A B e O |
SOI__UTf‘ON:—

R/Pﬁ@” » 0.03x b = o480 .

X, [ Pﬁf?\‘-f"ﬁ = D_ﬁJCL 2 IXTX o X Oachro—B,( i

= .5l e o) .
IRZ-T: 2 P 5 looo ><to'3
, : £3%0.85% 0.8
5KVRKCCM'CPE 3 x X

PHA S50R :Dr A G RAM B




r&-c aco "f !'w bl e

‘D /. Vje

LLD

Ju’_juto;& 0o N

(1((1 7‘4‘ a1 I(a.

v, -V

% = IE(OL(PE’ +

- 6350.% + (69‘. SO X

‘\/& 2 6?(4,1 Vl-

Ve,

a4 EX

[ xL LD (PR

X loo

= 6?[1—-2. — €3s0.8

6350.¢

> Jg?—f)_'/

2 [0Doo ’><t‘o3

X too

X0

(000 X (o0 + 5)((6?;) % 0548

0 :szg/j

TE}ANSWS&(ON i}

CCH’LL ELtL C‘“L 2 5k Lbﬁ Ce Pﬁ L e wo ot 5 ECLCA: Lo et
B antco Et&ng coe thovd O‘}L tat al pocves
L
1 B 7]
V - | L
5 e v I
l |
//
' L R X
—_— ANA_TTD
AAATIN 5
R X_ I

o

2

(

(

i‘

a.8)+/556x g.e 7
Xo.B S



W

Cl)

}_’-fl' PECTE D;—- [ SAD Pm.a.r['gz rA(‘rﬂfc O Re (-',v ULA TtoN X rL T
). Sirort  TramsHission  [ine !
[, Ereger On (\75(_?; OLATION ”
o VJ o JLL.E_‘} uwlation]= Tecoc (Pg 3 Ix wo Pr, e
~ 0% [CL )
18 J3°7 Ff Ve
* Fox CC‘L‘Cj‘{t“dni} “: 5 IEC‘&S?R B Ix,._bgchcpe Y vﬂe
»tajutoiz'oo & tve
(
,k F(‘_‘H—L it SL‘_:\/ [N Vra ¥y I = VC’Q_ J\ﬂ_ﬂ oL LCL—h_ o 4\1\ eL CULL%’“)
7 Vﬂq Jl_a_.t‘:}c,L(o;JG.oo T s L TR wh
- CPB L (PK’ g 453
-L(.\-lt_ Lead o FJC & HDe
)1

k2 Fox LLLCLdEOj PO[ N IXL‘ACO‘PE,>

‘,'chc,doﬁi,’on L —\e -

& Foe « 86\/{0 \é vIL, VS e
J, I Fo ok i&(‘i_ﬂ’i -
o Erpeer O o ‘

TRANSMISS (ON

Foo2 I T o
N Ky g g
PE; =i 3‘% TR LD (PE'
P
B
V,?{ Cot q‘)o
I |
B < nd
- ,F—j' CJ‘ ?&
"o Wbeo CHTRJ ARYS IR/ AR
h[_, ‘!“ﬁ[ el -
Iy

IE CG&CPQ iy

Vgg

_}LL‘?L,LLC'::{ZO 9] \L é 3 e coth

(i-9)

(3-9)

o Pe,
3\;"? ok %hfi

s I%2 lorer fdecy



ME-D‘ M rﬁ’ AMSENMIssion Live -
* L‘hE ('C‘F acitance (e oLt croed e
\/cjn the Lr‘t e GL copd et ot iiBeie Ty dl
Goe ot D Oty MO OG0 Po Lh'fi, -[)C’"‘z

cal c.&,Lﬂ C\i]‘O L.

PerpPormance odnatysis  To

Done By

) En

d- Condenter moethbod

) L'(> Nom L'()OJ T_._ m‘LHUOC{

() Norocnal M =

EN,D

4 CCLP actance e

/

¥
*
+
¥
L3
®

e

LS

Lka_cu'viﬂj QDC{‘ T

T

roetbad -

ConDENSER  MpTHaD OF

Coo 'cen"{‘I rl'f'cfj
the

.A;mP(-U—

ey Lt

F_’x_;R FORMANCE  {naLysi s

aLt wroed t Le

I
T E KL \/I‘
[
Ve B [ LoAD

l
‘ Y

R — \_(O('LC’. Utk ent /Pﬁa&e_.
Ve =3 J,Qndtba eod  vettage [Pﬁck&é’_'
Vo -

Jeo co o 3 cod  vort CLQ e [

S

\MLLL%C&OC@ fFﬁaLe .

XL —5  odarttye scacetapce [pﬁcu@
C - Copacet ance [pﬁ e
I/ﬁ- a2

J,.Qnde_‘nj o_r)cJ Cu,'l_Le_rﬂ’: /Pﬁcu.ﬂ

™
..,C-—)

X oty cmFﬂdamce /Pﬁcu.e = R-{JkL

S

Corle ot f:Ph-kougﬁ Copa it |

¥ Cot (PR- > e Qu;\mhj 2o ol POCO*L‘?_ .-chd,‘oi [[CL

coocaSh att d ot

999

L

! o N =



(

&2

PH AS0R :Dl_fl(_:[ RAM -

% V: (e 'Z‘c\ keo (@ het Le‘\e oce Vo A 4

L

F»J(_om v e (::t b \C‘L!‘_}S Y- C"W
~ Pq €2
Vkocepure  For  Sketerimng  Vectoe  Diagrar!

{

Remiuinj end VoU:aae.. CVR) ts taken on Yefevence
veckeox .

@JL ALy T; C'Lowo uJG\h_G’L; (U_J j cjo(] ‘VR‘/ 5;1 an ﬂog Cz

Fee-

I:cxf;o_cl“{‘ckoce atee et T Nwmds Vo Enj an @05& 0% x

(6=
o
AR A~

heoce T o dreawwo LY 1o Vfa ¥y added ?@
I =

Cg‘r\,('{ 200 9(_"-'_']\ ~ i =P e

x Y 1w~ F
£ J 4 AT Y L L2 G e, S Gy

¢ Recadive cL&OF veiatias, TR gh sleeumsm - fi

FS

YC’LC{Q’EC{ '&9 V;

- _,
% Keackve c{aoP G Bl L, Xy te dnmiosn LT T a4y ¥

added s _I:_ g -

% olddden o LR+ I X gwe T X

o —S“-’\mmc&h:on o VR v L X jt‘«fﬁs 7&

ﬂ? dnj CL 5/@ v_: b ‘?ﬁ (. CQ—I
b 4 \9‘103 (e B{.LU V)ﬁ ¥ ?E_;( et CQ)‘_-
T‘_& be the OLF);,EQ 5[JJ —: i



@ = rj
x F( e (o {
F‘j[:’ 'f‘ (A()P [r:fLQi (
.. T
/rz — \'E fg C(‘MCT’@
¥ o (
. 9
VE: 1"'? cc#w{’ﬁ t L=k
/ Liritations Op  Enp ConDENSOR  Metriop -

c) Soce the e Bu [> wte d
[UmFe d CCLPacfh-mc ¢ e

g ThH & ro ethod

Capa citance. -

C'CLP acitapce 6‘\4 atiel oL |

Fowe fof, = ertot

ovelrecliroaty {he eﬁ—r)ec‘t G‘L lio e

| . \-A 'mac..fum ¢6cn 3 £e. FL:O&L e T ant OULLO0) X("V\Q-
for the Lb(fo 8 coi] constants | ww cctan ce [[(m
Hecctance {tm > 6.80

/
too ke lDﬂrf

= 0955 5

? HPRLE cc;)’b:\n(‘c [I 2 f/f‘ Xlo éJyLLm er,
/ ‘*LLC‘LLVLD:) eod VC’“{'C’“je = 66000V, d\uumcoj th ot H’)fﬁ
'{‘0{ al capactance o the o e 73 u(.C‘CCLLQLQ("Z ot the
1

Yhe ceLving o d alomne " dettvcome Q) i

. ) Le.nchha cod o
W) Leod o end volto e o ik ulgﬁc’)r’) C\') cLU_p D,\J oL LY

_ J g S P
zcu?(: o THe C(ne e

[CLEIBL'hj . @'JLOJ_D the

QLLLL\/ELLDQ tgfooo&w et 0.8 P{

PﬁthM ctaag.kam .
GtiveN -

Z)J.? oo ken . [

4 (
(9 J‘L./km'? 0,220 ¥ K,_[Ero 2 0.8 |

m) Y [keo 2 "F’UOE’ klemeo. - Y- l%xlod( Bisiaen {
) Vﬁ > bGooovy '

(
‘b Pp 2 ITooo ke > (sace ¢ t02 i

AT W

(
v} Cot q)@ 08 pr .

Vit )
QE Aol R. €D

¢ ,_A - > V LCD Coy Cf}; b C\D vje 'JLL?LLLC{&O().

_—

ijXL = o..’J.Cf~f—Jda8 —Q_/km 2 (19+j80)-fL.

~ e~ e



(

L T ON =

VR C@&CPR(

|5 000x Ioa

L6oco X 0.8

e @ > VE +Jo = 66,000V
:F) = T rCO‘»L) ‘J‘L,n-or‘»\
R RT TR Po—J = To)

= 289 ( 9.8 ._jo.@

= D3 2 -—Jl-‘lo.

*¥ ] -
=5 pos =
= T 4+ T
® IA- Re b c

; 2 —\Z.J*CUC = KZ;,J\/
"’J KM}XIO_I"x L6ooo

T - jarq.
-
¥ I.f-, 2 (2—11.2_.J[§Po> _F_jqz‘z},
7 D_D_‘-TGCL._J'ILS,
e L
% II},$ -:AJ 21¥2+ :fr-g(l . l‘?_OA -
el — =
& \fé z ‘VR(—[—— I(&Z
- . “« "
= Gbooco + (f)_l?ﬁ.l_lJ 2}'-2) (Lg’fjgoj

3

-

a4



i |

. 6600 + [H?ls—aq +] léqu'ﬂ

E—1

Ve = 4i>q19‘q'fj (6, [T9-5 -

[VAI ] W/CﬁF qlgﬂ) K (’Gﬂqq";)l

o], sheny

/- Va e Ye.j wl o._b on e X/?;VR

A X |00
VR
= Fq9qv qi- 6éooo
; btooo
\/" ‘[39 \ke_t‘)_ 5 .'ZO.CC‘(‘/(
(O -F)c'hkL CP,;_
q)& - @[+ (92_ ('LJLOm
=3
@9-1 - 0—03& B/w Vgg Y
——
Iﬁ; = .’LJ_?'—.?__J:FQ.
¢, - Jccm"’(»ata >2 oo
22F 2
|::Lf P UJ L ,agjL_.'_);U'
¢, > wogl b, VvV

v ¥ =
Vo2 F%92¢.9 +] l6,199.2

O tont /160975 N | te g

ﬁF%q;c:?/)

@2_ 2 H‘-‘{?D_Il

o, e _r( '
Vga eﬁmmﬁq(l%om;_tjﬂq6> X (gx.gfﬁg,gf
y I s | 2.6y

C3

Fﬁa4at dﬁaﬂwﬂﬁg



&)

- 18.96° 4 1.7 4
(PA: 0.4 °
COLLT‘& = (C'&C%O 4’)0

/
tD ‘NOMII\J%\L T M e trms =2

* CCLPCLCJHT ance L'g ot wood ﬁ EQ coo ce,o‘_t‘laﬁt‘/
at the \Miclc'“e_ Pm‘nt aJ. bhe Une_ 3([\'&[& the Live.

hmtance_ owd Mactabme. ave ﬂu.m ed
Acde F

I, r : '
¥ /V/\j’\—xr_/l R/2 Xe[a T

A e

'/ L

Loap

pﬁcue

> Awodin 7 cod  cun ent /
Y Ao CL‘t_CkO ce / p ﬁcu. o

X“L Y chﬂ'urjz Ve .}Lcacfl‘ance [pﬁovte :

‘ER' < YA Eu"v(hq end Cuttont [P, .
V LI l-";;‘ux-s.':: :
C - Capa citance 1 Fﬁm;e
V !
P Vo tfa?e ot ¢ p aetance { P hoLe

X -  R+ix, o caead
-_‘l' i -~ ““';J'k\.f‘.’\—!}({’ ]

A /Pﬁai(’ "
““I"mdmj ool Voltage [Pﬁcue-

~ € Colvep o 20
e :} o Ve t’cct(?a /Pﬁa,sg :

ot : J R¥2<
?R{-—, &_ccuvmj end POLLJQL-LCchL% C

57



Pansor  ragraM; -

* \fg L f aber e, ~--’UE*‘ vence  ve cbas
Procepore  For  SkeTcHing Vecror Dragasr
S kae 7!3; aL JuLLauoc'e \feci’c}i
IR AT T_f;‘ d oton cvoscls qucljgehj _\7;; ‘9:} oo cu‘:gﬁe, CfK
— ~=
k «9’4C‘LCL IC L~ —60 : I; Be cat @ CusL et %Fﬁv&ouj(’?
Cochujei’fonce Adeads 7}3 [)f} 90" '
Y =
& i 5 IR( -+ Ic
| = =
¥ Rew cctance CL/"LO]) ve ctan I@ R drawe [f‘l to T_r_:)
' 2
added V;
o
7 Reactive (J\&C\P V'ec'?i‘cv‘( IK{ X & dreaws L1t f; ¥ (
2 4
—
added o I, Z vectow k
{ 2
:) - — —
3 ‘LR{ ;ED.: -+ TF‘ o ?cwu I@ il., Ve aLC,LLL (
2 :
(
& A cled HLoo OL Vé wiel b J_E( ii_. ve ot ox gcﬂfu. ? (
g
Ve T ok C Vje a chacl CO«/DCL dff‘cnnce) _ (
& Kuohve dkop  ve cter I B i drawe 1t T,
Lr 2
added o Ve (
b : ——
o Pea_dcxnce CULOP Vet o _r"_:s _‘?_,__ Ju Ao e _Lf"fa I‘; \1
- = o [
ded ecJ. fo l;_ _ﬁ_ : (
s

{

£



89/

- = vl o ow o
. T % £ Y.+ I =
\/l/ —_R 7 - R : 3%

| cf’{ —%_(r‘ 5 co H%, OV(’-‘CE‘O (‘1({ ‘IVEFL AL OO LA 6O [J.‘(“) o [oo Lo [O(‘j
‘:lu-k the '[‘G“Dtogng rmﬁL‘[ C‘ntﬁ) " Jl{/ EM/ P‘:)-a!,{’ - Gul = g |
N P
X [km[ PﬁnLe = @2, Cwpa citeve At cLchm ce {km/Pﬁ&Lg

,@ etin con €@ c> Lend (Oj eod  Gaskiaat

- 0.04 X (o T diecoeo .
a) \L‘anltng eod vge ) L erd mﬂ eod powerfactar cu>
whee J,LkFFerJ a  lead M 1o, 000kw ot éékvp
pf 8 fuqqmg . Uxe comdal T-roethod -
GNEN:’ *2'—' 0o km .
M-i/ phate = 0.1%X o0 = o2

% X, [pﬁcue = 0D.2Xloo = gon .
%V f>ﬁcue = 9:.04 X !0_4’( toe = 4 XfO‘&FJ,t&,mqo
% PR 2 I0,000RW: !O(@GOK‘MBN
. 56 1 ¢ R ¢ 3
& VQ 2 6 kv e > &G_)}_{i Fﬁm“‘a
Ja

I A I SRS ECE [,

Reqotresd !
c> T a) V, . @) coed =) h
. A > / . A " ans -

SoLuTIoN |

st



'IQ . P

X VR ("rﬂ,trﬁ

= [O(."‘O("‘xrog'

T T e » [O9. 32
.‘)).)( 38[(3&_—\/0.%

E S (i ] A l

7,

B IR{ (CC#S (PF( _ .J L TE})
2 (OCLB( OJS—J“O'é)
‘Lra . gi‘F‘f*-J 65,58 A

A

*-Voll:aje aexoss ¢,V - V. 4+ I Z°

o
*Ié_
T
c
L
£ T
iy
L
[T

R
2

! R

= 38105 4 (8 4.44 [ 6559 (5t
= 38fos +[(!O7=26 [-36 88 *@.re 63-4.

:gg{og"f—[,lif.? [)_S—SLC;]

- 3R ocC

I~an L
’ N B

b

-__%
39, 19F +J9z,ﬂ; q]

- jy7,.~ ch;x‘ro_‘f[af]jfﬂt)-’qtj ?fg,cﬂ

2 BXW‘} } qo” J[quoo.g /o.%‘??‘?’]

|c. 680 ICTO_'PQ}C;

2£0. 208 1] (5.6) A

I—}l

sy
- I, + I
- C%fi—;c{_zf'_féf.s—&?) + G—Q.zngrJ' 13‘.9

= (8% 22 'J 4£9. S‘sj A

,x,{ 2 (00. 4 A

Y

|



Sl

' 53
= (39,097 --E\jf;q..fr:.ﬂ) -{-[(‘5';.3;» 41 1.8 (st f")J
S(39,199 4 j 5 g5.T) +[GM¢’> LA g ‘%L—"
:(3%!94+J545‘.j+[’t'121.<3 53-1]

= (39, 199 + ] s+ (341 +] 622.9%)

—>

V, .= 4orlsl +J [168.9V

V’"( ‘\]240130 +<168 9) = 40143

., - &bl

)

—_— —

@{ — [eNg] 3 f.!_ B[(.D VR‘ by \/‘,5

3 )
w V= golzl +] (1 6%.9
_l (” 68 q i el O
= J« &9
goltdl
T
-_'_b .~

% I‘& = ol I -—J quag

F. 21

“nrs (laggeg

* (PA % .61 d._f_ 99.¥2 =2 31-39.

£ Co—schr chngr_BCD
{Cm $, < 0.89—5] [agqiog
! - } IRV
Glcf‘=[



o r[ - . PO L el (*ﬂ!i\(\f‘:((’( {
: E X [oo
San rh'n:! el J')ﬂcl‘“t
= la, oo X f03
- e et ot S Mo N R A

&V ‘I’!, C e T.&

3

3l

OO
([0,¢c 0 X o S

3x 40148 x (co-4 X B

“ . q6.94 J

lA 3 _(ﬁ ) 5-0 Hz- t-YQ-V\bW\LM;oﬂ ﬂ:‘“& ,ookm [py\a dd',\[e.Ys
Zon CL‘{- A q P{: laag (_‘“ 3 art HOﬁ(V « Tﬁe, VLC&E.I‘.";,"L o {
JuLCLCfo.nce C‘L the Une P‘UL }Dﬁc‘u-e ()Uz,km CLhe 0.0 9

yco,j'_.ﬂ JL(_LPec'ﬁvehJ wﬁda the C"CLPCL cé"f‘:cu)ce ad ro et and

&3 Q-B_de‘@ Llroen /km Pﬁcu,e . Uke ocominad  Tommethod
e CWCLLT/\LQ the I?xv«u. e o ancé -
GH\IENJ“

9 A= (oo keo . 5 3_?

ri> PRZ No M/ = ZOerE’W.
“D VR, N Jto &v C@oQ)
= (o xio3 - 6%) S R SV [Pﬁcue) ;
EY

D) R’[ Pﬁcme [km = 0‘1*‘L{f<m
i R[Pﬁ,:cuez B,k fen = DS
9 X / Pﬁw’e (km - 0g /‘km {
'XI_[PFTN__Q - 0.£x(003= fof
(
) %l phete = EE]X = Radpigia ﬁ,
) Y[keo[ pBote '

]

D_.S—Xi(ohb L emeD [km[f)gw&e ‘

e i .
Al X [oo Liteoeo [};ﬁage. {

1)

/4



' e
a3z
2. 5_5(!0 * 5[[‘{’:-‘%{'

.9 (fajgc'ns) : A{ﬂ*ﬂ = 0.4 36

"

Y/Pkme

0%
ReauIRED - =

QV 2 d) Line lomes iiD yL

(]

el

(C;O Li-TLON
=

Pmsm @maTRAM -

T
R
% T s . L
Ly B ) ]
> Vg Cﬂq’g 3x 636¢8.5 X o
A z (6.6 A
Re
=) .
: + = ERCHE.&N
i VR: JO
- . — i
S I, - TCCOLCFFG J(’D(P>
= (6.6 0.9- J 0 zf%f:)
‘__>’ |
L. = .’oz)f_,ch}; - S
R
fe o F - > "-fﬁ f‘H"'f"
Vf = VQ+ /3__

1
/N
€0
V"
@
o
1
&
_*..
=
o
5 =k
-Q
-t».
\I‘]
fb
H
P
PN Nt
%,
'\4
o
—h
-
LY



: 635085 +(Dob2 F5 ¢ j’{gﬂn.%)

= ‘
\/] N CEN== S Y r;—J s90.8Y v (
i ) — =
¥ L[, - I, + L |
f L o= fwc e YV
=[x 2ex 0« (65, 5¥0.0 + (5} 0.8)
Z[J,JE-_X o ¥ &]x [6 S do- 4 [l.?)gcf]
T - e 59 % 1. 387 A
=¥ X
T = ( ) A
* 1; (fof} ‘{‘f—fJ So. iu) F (*—O 3(2—£+J16 3Cu;
—_— ~
A /s

= (65,5¥.2 £]1570.8) -}—{j(foz}:,gff_t}.:‘)tf—&l)(lo“f’[ k
2

:[69,)9:/'%-2_ ‘f‘j!f‘TO.E +[€(O‘C;J_!u(3‘l:,:> (21»-36 LG_%AL
:[695§1P,1 +j lgqo.gj+[14r o !q’-cniéj (

- 1 G Sk 2 tar 4 1. ‘
I:Q,}S:H)_ —{-J(gqogj-]-[f 3f-5- +JI:F4 39‘](

h\z_z 6F,302.F 4333805 (_

(

[. [ \/G_‘;bgdl ZF) _F 6338 [@ | |

UV&]: 6F, 32¢ .e}vJ (
*zro{\’xi (Goa {@..1_1_% - 5 ' (
3 Fﬁcm T ﬁ 5 = 8 I,c,. E + 2 IE)_'—%— (

[If’: 1/ (loz.52) + (34-32) (

(TE S R Uepsg) s (34282 (

[1\}9[: [(0.00L 4 "



A [c'm e et /L = (:1, x Itox do )”5' ( & X r('(%.b')x 20 \)

£l

’

F F = . fe
= 3,633,000 4 ._1._,0-#‘3556,@

j\n(’LQL}" “r"ro.géé }C{(‘)J[/\_{

= ﬁ p
* b | . K e ¥ (B
[ostes
PR; -+ {
! 2
= 2o ¥ [0 X (o0
D_cvxrc)]é -+ 249,86 6x (o
- |
fILlQ’NOMfNAL F- Merwop  Qf Fereor ance slnarysee  For
A Meprod  TeAans MissroN MtNE - -
* CO‘P adtance O‘L C.CLCE C’ooc[u.c_tf}‘c & diévedsd ch'f?;.

Eu;o (fci\/e_!, N ;L wheeh a6 e ﬁoié L uLum[)eCﬁ ot
the .eoding ewd  and the ethex F?cué ot  the

Jue ect \/&Wj aod - 1
Ty C L
— AN_XIIN . -
y K- X 1
T I, - <y |
/! —_— c LT ¥ L FOAD.
4| % 3. 1 R
oK Le:t R
VE —> Kecelvio ;] eod vottaqge [}‘Dﬁme :
74 lv/' = {. c " T / q
4 — b ZONCY o N g

K

i Vo 'Ltct7¢ / Pa'q; ol ©

% T ~ heod o a0 ;
& Z - CMJDEC{CADCG !‘PF?CLL‘? = g,-i:.i)(r__.n__,_
T 2 t
£ —d — Ceatty ,nf 'ﬁﬁ»&.oagﬁ t_rf).PEC! ounC e !P]:Q;_,q
o5 I, - fecrlviog  eoc Curvent {?F;’m, e.

o\



e Gl el s, | agmmmn
(

] (
A [‘ 5 CealNt p ('W{ {,F“-.“ OLe jrj\ 08 ' pWa (t'ii A C f/ £,
!‘J ')(Tki

{

e — (cutly -G(’Vl{ ’(/(’M&(‘\ (_(()‘}:
{

OO 'fhfi‘c ooy r‘t“’i’r‘\ ('J('r-/‘

,’>ﬁa;c

(n_ﬂjchﬂ Powui La eters

A (GL Crp{*—‘r ehe Ei iy Lﬁj .p_ﬁ(-{

Prhasor ‘._Dmcrﬁr—i Mo

vs
g ) .
oTEPS IN VOLVED ;-

% Ke u_LVLbj eod vo‘d‘qg e VR( & HLaken  ax J-ua,é'e.ic,r) T

vestay \

% FReceivin CJ end cerront  vecton 5_;; L dr audo (

c{:_a W oo J_g_ﬂﬂmﬂ U; E}/ o0 ang& _(f;; (

* IC, “oare el o x,'LL(LClJJ Vﬁ Ej oo mg [« 9ag
f ‘ (
Be caart @ 6(3 e chf)cu_d“fi ve C Oty e_n+ iacu:b, Vg 2 - (
i —> B g
S Docodo L &t W v oaddt f; - (
K  Adddzon of Ei ol q v vt j:' ' (
e & & 4 L
wreug; PDiawe I vetor 1¥ & V. ¥ add o T ¢
“q R L. (
— — —_

7f€ dc{ C‘.U;t(for) 0‘!) IL ¥ IC). Vp_cfjgk; 3ov’€ 1;’ ¢ ‘i
£ Revivt aoce C'L’LOF Ve ot ae fi & i A fe B HL -+, "fb { |
¥ added o 7;1 ¢ /
¢/



A7)

% KNeactance ;Ma}r', veclon } X 7 T
f o added e ft: &
x olddetioo “’L E:R ¥ EZXL q;w's _f:f(
% dddctioo orL 7:2 ¥ ‘.“-E:z ve b o ﬂwec, V:
e f chj.x V: f)j oo ang&z CFs
£ O be e st Ho G <
.0, be the Q()EJLL [{D “\7; Y-l_i"
= D 5 (ﬁr’“ﬁz
AnaLyss -
A U?’G (o takeo o4 -RJLLLULOCQ VecEow -
% T/_; = VE—#J"O-
£ T_:; 5 Tﬁ(¢<&¢ﬁ_!JuLnb?g) . L@:'L?\f‘jﬂ-.
% -:f; 2 dce;-fC;_> T"fz -;Jrgfc‘-‘@
X —U—; 2 '_V_;+ Tz ? ~
Vo T T (e
€ T e ey T
* iz 2 _f/:i- EZ; -



|
[, el teckm donqg, 5o ¢, soHq fh aareo decoon oe  hHoe ”}‘ \"-.
[ (o o r‘rw:] Aenme coattante E:/I"E"" - /(< o roda, |
KL[pf:m.C /l{m s GLENL )//Pﬁnm [km IR - [Q_E;S : HLEAQ [lh{h
J,LLFPGGL Aoad C"L 1oMw ek ?éffﬁ)ﬁ (“ﬂij‘“é] et (
/ kv ot the e Cti\ft'ﬂj il . peloaldte by oo
- octhod c> At end gng end powes _Ag_ et {9 degodatan
“9 fr aas oL 0o 7, , 4 ¢
GINE R ;% {
* 2. {'Pﬁcu,e [y = i

R/P‘naht?_s 0.l x leo = 05>

A &) (

1]

* XL/ PEGJ,O_ [k'm

X KL,PE"”LQ s H.Tx(oo 2 50O {
s Z,/plfme 2 Q‘L\JXL = (opJ\s“*oﬂ_

# Y/ F'ﬁcue [km s [Ox{o—-és

% Y{pﬁme ; Ld% s Px los

[ox t6 F Ll ermem

% V. deky ( (ne)

1

3
Ll
/ . cbx (0 ) 28 oV

S

& CO.SCFRI B O'q[(ajjan.?> = PE}B 20 MW

Ke qUIReD #

9 C oA cfA (’L> <l eSj w l ation CLD F?,

SOL("I’ (ON .~

_—

¢ R .
Vﬁr ‘ Va+\fo
VE( = 38109_11\/ (



= 3gjog + (I1F=6- éaﬁ?»er)(roejnj

8]

!

32 (o5 + [C{g‘gé.t !9_&“1}

4 ) "_--|\
~ 2g10% —F(CO:%'-%J -1~jzsi_1_|,|/;

v

= 3142:3 4+ {81202
s T T J

v

i
—_—

::J:'x [a X {o 4 X (_’4,55{4?:2”5 7"-;’ L 2.

9.

| 03

< Pk a9
£ I.R‘ = Iﬁ(aas 49& —J,e.u'w#z)
- 95 (o.‘?—j 0- 4 35)
f’; - l#¥s.5 ‘f 34.33/L\
* IC'_ - J'u. i vg = J Z‘/_)—_ V{Q ('QJJYJC__VR
= oxio?  agios JL
{ > 5
[Tb > f‘f.GSf} A
<
e —> =
: IL - R +»J—C:
- (:‘ms-.s:‘f §4.83) + (qeos
ﬁ =(1Fs. 5 _éc:*..:pgj‘}j
L
== — —
- 4 L
e \é = VE{ £ =g

3206 + [({S%:p,zf )} [-20.,?) (S‘o“qc’ f?g,&i)‘



- [ [t Pctor [ e

—

= 275150, 68

T . szﬁég Jrl[' yug'.’;t) A

L.
— = Eve
r =z L o L
A

L Cy
(#s. < .J'éc:f!f@> + (—4-06+ ] 21-53)

(104 4 ._‘J.Af.zi,‘.1]> A

]

1

l*r

-5

[

Puasor ':DMG(EAM -

l - W/ EXE L AHJIZ
L

if,é- ; Ct’_{- Qﬂ_l—
e V. ‘= V.
@l g CLOS f)[w V, x VR
. HEY
e Vs 43142.3 4 si2na
@[z‘ﬂ‘anpi(g‘lhl > 2[0.660'
éf%l’cfz.g.
_— e
(qu c&ng& J;/ e \/’ta ¥ _11

o

N S R =Y

y. Ll el o : s
&.L ’faﬂ ({:H‘_z?.q. ) > h‘llf-az:}.é




{
4 | A J_OU
(ﬁ) ‘“f [ ( tli":’)- )[))
1-
i 2
L (066 ig.46
([\A r 8%
= Caosv( 254 2
(c»g.ch o ( )
Cos Cf},: 0.9 0‘7_1{-]
,‘/ Vge e u[Q&r"on = VvV -V
k| il 5~
X 100
vﬂr
= 4! o — HB(05]
(if’_%qo > X (0O
AT (0]
[|\/f i = 15, 20‘/’]
Lje ej = ., J
/JI'Z 2 .f\De,ca_Lv'Lr)c]encLFo(_oGL
‘ ( X (60
»Le_ndmrj eod Pc\wul
= 96 % 1o
X too
3V, I, cos
L i
= Do X (o
X (o
Bx-£8FooX 1FFFqd x 0-F054

loH



—r ;) .
/|1N(\ [o(\‘;n NMetwoek :RE'F’.QFSCI\ITATfDN -
i L.v-ol(c "(cht‘(.t-rc'vr{ LE e (A'OC CaO f)c? e Fﬁcgcmfz\’( at

a b {) * L(f 'S é"& CU k <Oy J ﬁ)t‘fg th e

ey :J c'ng ¢ ncf

-[io*t ot ope FU‘\."[‘, aod the Koo calvlo j Gt ‘A(ﬂmL
dy o Ehek Po&’f |
OT-—-—);-I_&__ i IK
AL _I‘resuswrssrou T ] Eﬁﬁ'{ Vg
: , [ A
rG{OC{m(J encl INE .
/P'LC QL\rL'oj ean
L {
Paj‘ 1 P'oY':‘.:z
* lu‘"’ PO‘L “/w equ to t\‘sms ch beod t‘nj
el Vj e ¥ ¢ ellwe AT to
VA = A VJt + B I& — O
L = e W - *
5 at DL — ..

UJQJU—LQ A, B scry D DR, conttants

i

% gﬂ Cuq# 'fIOo Poidf n«ft‘c,ooik {A[D._ Bc=1. ¥y A‘:ﬂ |

Two Po;:a—r NeTwork EQUAT!OH UAN T’ERMS Or Eéce—tvruc‘

. /
E-,xi;,\ {-.fOLTf—‘\‘GrE k4 Cu RRENT . |
[’\/& k c P i |
'gl=ldn) V/;- = A VJ,_ 4+ B J_\}“(. e @ ‘

I/S p CVJL -+ :DI;"L “'—‘—'@
[ {
X:? @ equ 5‘:_; C v ® € L 6:/ A k
(

CV, = CAV -+ BCI*L — @
g (
AL = ca V., + ap L, — @® (

r ) st . \, —

@_ B)=> AL, = £4), = (A2~ By L, — (5 (
Lince Ad— Be =] | ;

I\



(103)
e (T‘LL (“:‘} :t\‘./‘f JA _fg — V’ = I__ I @
= A £ b
xL!@W?Wl “4 D ¥ equ@ by B
eque DV, = APV, + BDL, (D
@eqpe > BL, = BcV, + BDL  — (6
@'@ = DV, - BI.,g = @“D“BCJ Vi
Lince AD— BC ={ , @bove equ becom s
V= DY -BL,
% looe plost e | )
b ’D ﬂfw eru_L 190 f;ur_ LA GZ J\c.uuwnj el
Vo L—kcz,j ¢ ¢ colkent.
/
PE%FOE:MA-NCG xS‘{NArL‘JSrs Op LOMG'T TRAM;?M{‘&&(ON [oing & 2=

* O{() QLL‘;’J..LL (L CLOOG Bj Jw,Lcl Tl Ot (f)e;thoc{ C’il
[eS®) Cth!HL.u. ;

% C@F acctance e

B bate CL ua%otmfkj alon 2 the

(-{00 : T e
% T4AT!
dop +a 1} !_[ T,
i 0 ¥
A |
\f 1 ] v
5 ) : ' -
] ’ ’
W I I A
= A : —_—
< X >
:<‘—A —
VAV * v
e P‘\DE,C,?_ ‘ r.‘ C d . ]
2 LV (] QO P G\h_&rﬂ ltLLLL CL’I_L '{ho\!{ en ks Jut é{igo(‘e'
t% CL()CLL\:J-&E_:’. .
[§

¥ (ooscdan a0 elecoentel JA-LOS}; th “Ax’ ot a di Eaoce

Ly ? .ﬁ\h_cf_\m Ju_cu'\/cfnq end -

Yo&



* L:xxd

£ Vo= chiend. =

% Let 7 be
a dictaoce

£ 11y At

¥ I’lf'j \V+Av’ boe the

C wth crf‘f’

eod -

+ VO tt ct.j e

e C.LLLL_‘!./QO +

£y o

ot a

ot

leoq th ot the _Lne
o | (
\f_(‘_l_‘l'\‘L (f.nf’)o L‘{n()(‘(" FQLC U(h"(’" v{,cﬁj f(’\ . {
J,E:un"[‘ g 8 r{ oL ft amnce P eh (Y] L.'Zj .,(u‘)(‘} 'C‘fl) (
. (
-_"l' o'f (l( Lo »'L\u L (o P e L‘{ ance c‘fé CLF(") I
J{f O'f CL( J_é:/u.ﬂ'f ad ro L'f{‘i aoc e ¢L [(O &. -
Ve H‘CLS ¢ Y \1/ E e tbe caurl et ot
N -ﬁ\& o0 NV RIS v’{n? eod
CAv' be  the Voltane x AT be +he
vetbage TEar” Lo dbe

d.u;‘{‘cx.rx?-z \KJr.f_‘w(’ ‘E‘ft-f’m NLLLC.LL_VL}UL}
AX w 4Av: Ixzxax.

dv

= = IZ —-—®

c.'l x

'Hﬁ-«kou_jﬁ Ny AT - Vx;;’: A x

LU-K"& X

Lub A n @

B >

)

Cll\f = R -C{_I___ _—@

d x> CIK.

div 2 -Z')(\/x:k

dy2 ‘1 (

_dlv _. th—\/: @) “—@ Q

d x2 ( (
(
¢



! PR " 7 % _ 7.
* (iiLf‘t\ (1)}(:{-\ = A o= Ae ‘J ‘fBe JH _—C‘;\
Fl o 5 A = —
oOTF f)_, klj D:. _,t V[_"\?-—:j
Eg&ofk atd e al W P or[_unl
selwtion - Ae™% p iBa
@( B*ﬁo,‘pufb: alc @ w2 .JL.—}- x
: . (*"rl '\JH.K —J?}—Z" K
A . Gilde¥ = gzl @
odx >
Lab equ M w eqiL
— vy e —{y z
. L [AE : — Be J x]
_L, N Bgﬁ«]
fsr . 8
_:f_" o~ ]
L= [— Be %JTJ; x7 '—@
Z L )

(et ¢, 1} yx = D(+J'/3 whew

:Z‘ - ~ P
(s —J' 2 CbhokacurLile
(‘_/("(_/{_L @‘::> T: I \7'){
- Ac — Be
Ze
el (B) = i - hu TE L 5 PR
o, v oo + B &

9( — P)‘LOJ") yauoo

C CH’LLJECR(*F{T

imf ed o nee

— [E}

‘( i

"



# L\Iﬁ(’ﬁ Y -0 Vel il 11

1 N 22
q = V, = A+ B A~
(8) => L, :;%“[“’%] — {7
(2

Z, ALy B
c % L

=i L, o= A B

2, %

Awb B V.. T
e Tm A (o equ @
e
Vult =2 A + VJ_{ =X I\.‘LZC
2. .
Az Wy “[ Vi = L ch
2. -
A 2 Q_VJ_L-_ VJ‘:, ok IJLZC |
N .
I
’Az Vit I, %,
____*—..—
L 2 |
Lub A > V 5 T g “\
3 ke 8T V o 5
> o b IJL{C (-D QCLLL @T@
o i D
cau @ > T. 1 [, . .
O> T Ll e y_1 g e
Z(, L Yo YT _\-— (
2 . R )
¢




(1O
r. Y v T ¢ ~% % _
B BT oS B e LTS s D% a
) 2 Exc i I
- . N
_ V T S 5 o % _ 7
= % } A [ & — € -+ i b Z( e At P
¢ y 4 5
] )
l: - ‘! VJL Lk o 4 .IJL ZC Cath e | @
<
: by = 3 4 V\}LH 'L.,LLZC p'_-? =
D ,, '
_.;_ 5 _3_ | L X,
i S 9 -
SN
Vo= Vh[e pod ]+ Ii?cr‘??t-—ii?ﬂ
i) | =
\vf = ‘Vf Cod ‘:f ¥ ¥ + ’.{ [ [.3!
5. W Kn H+0bvx sl s

SoWhee x=dy VoV, o= . T

S equ @2> 'l;: [ﬂ W awbal 3 I Z cotl ol __@
i ® VeV, oFrls T X oot @

Cochuuf_ @ \'\'@ eaur weth lfpw:f n/uj eq i,

V:J, = A VULL}— B I;

L = ¢V, 4+ DT,
= e v
B 2 Cth&ﬁ*-’i 5 B = Z( VLc’oﬁP\uC :
c . Lohed . D= roxBod -
R
ABCT

P@&&m o i -ﬂo—i lionj T‘Ir- ML P eLLc o0 Uoe

|o¥ J



DETER Mt ATioN Qe A BCp

Pa kA MeTe 05 For StarT
R ARSMISSTOMN Lr NET
\/C:‘m eral e Fcﬁ‘t oot coms b € e ary
| \/.1, = AV, 4+ B I»'r =il
Lo = cvy+ i, —O@.
T, — ]
_iv TRAVSMIS5 0N 'fi;V T .
OJ’, A # 4 =0
JF__'_JLO
€ qu @ = JAR V$
( ddmcmtoo[;;u,)
Va
2 ¥ S_the TL},_“C") Vi = V\ft
_ Ab wot
€ qal = -
CLL@ = c - Ly ( Qdmcti’o\ou)
Wy
- CcLP actaoce 7y ) ej (ot f 5 Lh ot T acd oy oo
(/\he W ﬁqnce ,gf;umf ccc\'m'di ance =0
IC = O]
* Nﬁao the e iving end L dFh ot civeevted -
I, TJ_L
. S - B
o\ [ RANSMIS5104 ! -6
\l[ ° LiNE s
&= — &

e qu () = B - V‘\A

= imPeclcxoce ¢

s_f

Jr

B = e



.
(o4
€ ot @ = .D = -—[,Jg
T ¢

E

(c’ tro el f-,r'om[o“u)

o & L\{(fen e ce L.\.tu_’j eﬁr{ L Lb ot cotecected [ I:’, - IJL

2 =]

A= "0 =1
B = X
e =8 .
Pﬁov’e- AD -Bc =1
(x | — %o = |,

AD-BcC - fl P\no\rec{ :

—

v Vettaqe seq = \/Cy ¢ o0 Mf—w»o? _ fult [oad |
| ¢ o Q“CL ot oo [O CLC{ Mculucbg enc{
VS e.
fol load  hecuving eod
W O i - | \ff)e : J

* _NO doad e celveoq codl e Lf{;'ac'e
o y
Oe bo [OCLC'{a) LI =0

Y
&CUL@ :> L \/J, = AV‘J-L
;s _“J,J';.
A
*® Fotl locu‘; \-“LLCJ—LVC_)’J QQ—L Vje = VJL
" el = H
/- VSQ i} = }J / ‘7 x (o0,
_ »‘-r__‘ A,

|09



. P
/ rL ~ '—*“——“““—__“———R X oo -
Pﬁi + (xr\t‘ (osscg
:D[: TCRMINATION Of AP)(-'__D pp\ RAMETERS FO e ME.LDfovl
e angnizio Fnee US““G Nowminar T Metvoo !
. . &,
I 2
- m S Mt |
./ T B X VT R X .
‘é Q- 2 c 5 T
ol
v:‘:l vf o J VJ‘:
From ckb diagem.
x I, - Lot I(
# L vy wy T Y
€ [ -
® L =T 4%y =0 T.oxy,
V4 ' I =VYv,
5 (
® Vl: & -'1;&_ ’2‘-/2~ + V‘_}.\ — (3
\JLLLB @ O @w@
e O T, = L+ l L2+ th Y
- Fa r [
I, .= Iat+ T, _Bq_\j + V. Y.
| o-L[ovE]r vy |- @
| L 2 i |
Equt. B> V, = 1T X T X oy (5
C> A A 5 —f- T )—, ‘?’ \/‘}L (
A b € e @ ‘o @ {
, _ (
/ r [ Y Z ’ \»7 7: § ‘Z )
L.J, 2 [I}DL & _z} + Vi ‘]J — T b = + \/JLl
(



Compane @ with T = C‘VH+ DI};
cC = Y
D= 1+VYZ
2
N A=D = I+ VY X
B = Z(—l“f‘ VE_;II
L + ]
C =Y
ABCD PARANMETERS Fog MeDiov

Sﬁor_o {7\2)0{[: AD — BC:’

E”EJ [w \&] . z[ [+ vf_z_]w
2 2

b

[H V.E] T2y oy
- i

«%Y?ﬁ'+;wx_ﬁfzv = ¥
s 4

1
x|

M

AD -BC=}

|

4

2 oA
3

1O

TRANS ti{S5M0N Ling
(T- MeTop)



A - ¢,

' {
f d '{ I"i\} RN I ‘:! Lo ‘f' % ./JE'»ﬂ .’—-1 7 ?‘r-' i'!“-‘v" (-"- LU lt.{’('[ (‘l‘{. {22 Ll'
v \ Pl C
e {rlf‘[:,)_ nr'\v), a9,&0 )‘)J’ l ct (‘/{‘] co rj {)ij (O E el (,) rt -(’(Vfrfé ff”-!,_u'r'(
el . T{(- [ias .
ST , SRR LLL oo pe o OCE "’} CL oL oey (} le Covated it (-‘*&‘(u( (

i) (D_ G- f—l & L) ) ct (‘)('[_ (';F';Q --{—[y-{--c.t [

Pﬁ;” L CIE"EJ.CLZ . :
acl co e ce ‘L A5 5 1o beeroen U.Amj Ooro b ad T i H?f
3 ; — S e
dette cocme L> ABCD |
A& g Cont - o g : |
( ta e g[ the (ne (D Lendin
Xele Vo Efﬁctf/ ¢

" ‘ ¢
Kj Ae \7 wlotioe c}[ the  (in¢ : J
Grrv EN -

9?,2 2 AoMw - F)‘-"‘VFDBP\(
i 2 A 1D . {
LL.DE e f” "’;'/ Lt &
Vs N /

\/R} = by LT85 W . -
ELD (G\L CPE = A, 8o ( (EL(?j u—)jD {
C\D Z = (2@+Jfl>—il.

'\D L Jg(?y rge_LCLan.

A : LACD V_‘j A e g wlatioo .

s s e e



: : g ] O |
/ Vje ﬁegu(d&ttm ~ \(‘_'}5 _ V}, V'S
A {
i X |oeo
Vg (
= N P

—

_‘\.
=

W

P

Hiaea (

e

E A E alanced 3¢ e | GL Do iy AL ‘~5*~‘~f)f> Lol ot

r.'m_ kv ; S’o(fl'@r cen ol J OSPJC lailqth b{l P € ik %‘ -
tamsmicsicn Uoe The Lesiny tenpedance ol g b r‘s;} (e
"/ b |
Lo r\.Ol:U. c_[:z:: ~v 8 CO.LD +J" 5. e;)_sz_ O-H\Ol (ff\g_ [; o&o_o FLM e
na,qf{ctl GLch},H‘ QN ¢ ¢ ols xre ® Ldieoen . L ioe oy ) e

T. patbad , dttieraine 9 AyBy C¥D  pakarmdtivt o the
(ine - CD Lo din 7 eod Vo Cbag e ‘-‘) “‘U‘S} wlation O‘L e

Griven e

) &
9 PE,"’ ZoMW = 26x(o W,

19 C'O-L(Pﬁz O.g
IS

(LD Y_: J :BWS_XIC;_‘ S aroen

(_-.\b VE/-“ {52[4\/- ((A'r‘;e/). - 132 . FJ6. 2iox ,rc?\/ ([9:1%;@';9 ‘

> L @'ij ;j_l)ﬂ— /PE)Q’#E (

/‘Eg’(—{U[E}H) :

5 A8, Cx D R T {
{9 V{, ) L‘Q \/_ci} e Ju__i] Loteeon. i
SQLU‘T:O;\L; ' | (.
% few  pomdn ol  T_.roethod crL coo d ciero T ansrourcoo
Aioe £ o Y jftj__i___ , &= z[{% yfj -; ey

W

T o o

™



C':\/f-j3!5'x(6—é

-b
= Bignle

’ = O. Qo?® ][5 QO

D z \+ VY Z_
z

l-;-[@.ooo 315 [j_gi) (Eﬁ_g_il—j
(+[o-0003!5 [_‘?_o:][ o 4+ |26 ]
“2'—7-.‘35-6 %63‘-‘?6}

1]}

\y

= H—[.

QLOTJS_DJ {“ﬁ' Cp 1§"x10+‘_ff_3> (?S‘ = \5%’ f{ﬂ

B
0. 0175 [(58: 3% J

“porjen) [ tr g
2 | g6

:(‘)_erg')) []-}- {__BELGKIO | )

g o
—34 | (.5 + p

- @oJrJVJ_)LIﬁL LapOEs:‘»x;o J

T

—



=(20+j52>/,o.qq5"1 [ 15F x

(o

:@o-rjg'a.) (0.495"’[ {0»0"70),

= <5'5‘.-.4l L_

-3

,ﬁ——(ﬁ

} (
i/

68.‘16> (o.qqg—:i !OJO“IO> '

(

{

{

N

’ B = g 4.3 [é;cy,ot?
LD_EGOU{ th LN c‘{ Vo LJ'C(LCIE AL
] =
V,: AV, 4 BI,
\/’1 = F6,210v
L - F
b K = BO'X’(O .
— e
/‘ .
) 3\,\( Core . 3X Fé2i0x 0.8c
L = (S 4 4 -
_ij = IJL( Cot ?JL —J oo 7{1&)
2154 o.35 o 0.5 3)
—
];L _:GBO.q_J’ngéL>-A : :[E“zj_.z& Ig){p“f
\/; 2 A V.Jt,_‘f B IJ‘L
:[o.ch;g {oifs’g@f -iéjmon f—ES’M”-% /6‘%-05‘“@;»16 Eﬁ‘
:\/irros'_%’T.,n. / f - -
= S S b Pyl . )
| , S84 J 9 qéJﬁL (—l625 ¢ TI Eq 0a
/[, = 13,9
.k_,g— +3,95%9 t[Bég 2.4
\/
v, | 1.[(;31 WD F G248 |



5. Fend  t0° Eouo % cmj L o 3 -
"ﬁ“f alllrm Lo O Awne cl_‘:ii N c,k{h-:/ o8 uLo cu:[. o«[ Co MVA Oi.

L POwUL tct_c:t(?*‘v. 0.8 faglgj mj;.) .,z,e_nc{cn7 srvel

(tok v
cua XAl .r%'t '.U-> 5 endcD 7 EL()({

Vo L‘t‘ C\LSI e ((> Len CJ C:f)ﬂ QQC{

{
Poc_;oe)-e_ c‘,> (1 CI\ ’&iqa;mLLEon 4 Gri,\ftn 'f;(-)o:t' A = Pis o,ﬁg{}:a

Ba o l-‘—?’*gu 5 Ca o, 0005 [ Be” aiecoen-
GLvEN 1—
x‘\c PK - SoMyA
/‘
& \_‘G*SCPB = 0.8

* VE = (rok\/ - l(ox{oa\/.tt&)e’).

L A =D = i [_‘i
* B = (o !?Ue
r £y

£ C = 0,000% [' ER L raeae
_EEQUIRE—-D."

/
x h,;
« L,
x P



=7

Ix

el (i
« [}r’ SaMy A
l& S MV A Xid.5 = 40 MK
3 /pl:. ate F lloxio™ — gacog.s v
=3
G : [
._‘_RJ ] Af—O)( fO

o = 262;«:}.3/&
3X 63508.5 5 0.8

i

%

% C(’w?‘}a" JAmde)
262,43 (O°8Ff o@

e

26 2.4 34 I

)

1}

B ]

:r-j>
[HR s loq.q_,J rs—.m,ﬁfg A

V. = AV, + BT,
A'\/Lb = @-‘QS g‘)x @35‘08.9[&")

= 62238.33 [3°

-4/4\/#%

62, (53 t[ 825F-3.

& L

hJ

i)

= S€B69.9 |9>‘3 (3

'BI\}L - 22703.8 4 f (+8 21- 3‘

C\f (O GOOF[8_07> (66?60 L)

= dl35 | 8o

chL - .57 3 +J'3.].16_

w7 (feo Ei) x (209.9- jeT 45)
(o ﬁ) (161 39 !._36 g?)



(> ¥ ,'_DI;‘ o (0.98 L%L) X (p_aq.q _,J‘ ;5';,4_5)
(,' (o-a8 [3° )E (262.34 [-36.8'-?)
25 F.14 I-33-3’r'

.%\QDfi - 9.03.%0 —J(éf—fw?)(]

AV, + th_

1)

Y

)

(61»,(?3_+J 32 S F. 3>+ Czj_qcog,ﬁg +j [.?Fﬁ_lf»%)

(‘ - 8%78’?6.% +['1fo 2.6 .
=+ = i T . ;_a_ !
‘ V. - 87.436 [13.2° v |

el
(
( I.Jg. = ¢ L,’)L + D ih
( = (g.C‘F'?a—fllJ 3&16) -+ (D_igﬂg—o -~J{‘f-5n 59
(
( = {90 —J |r1,0zj. [
C s o I e J

* Send L‘nc] end FOLOUL L@C’h}’l = Cot g,
CPJ, - @i"t(ﬂﬁ_.
& @] i c.xngﬂc P)/w v&\ff VJL-
\/52 ga;,,,q_gé [i‘%«?“ vV .

&= 139"
: /
® dl)_—? cu‘)é] Ce b/u) \’Jr_ s I,g. ’
I‘: = llf— A ~ 2.
a = —27F
3
o



A 5 mc-f tht} et 9

f Sroty C?A)I Ve, Ii.

Cas cp
b

3X BF, 436 x 24,9 x a.FT -

P = 5. 3F6 MW\
Tt
* = e Xt
(06
= 120 @ X o,
48,374:6><ro6
T
DETER M ( ' :
(NAT(ON aF ABCD PARAME TERS FaRr MEDIOrg
(= .
TRANGM] 8510N LINE (,)sirq@! NOMINAL T  METHOD -
r, T <
% o S L
[ R X VYT
1 i - T
c s . -2 (-
\l;, /3_'—-— C-’/')_.__-__ VJL
E:z.om ¢ U it otiagyko\m :
(Q) T > '\Q_
x* ]SCJ = Vj&_ 3{/2_ = ¥ oy
‘F_/‘l.
= | N
i IL - Ic,-+ IJ‘L LL (KC
ﬁ o~ I 2 W Y
* IL ) (\fh_ y/3_>+ lh, s 1) Sy VS
”{&f * IC. - V_,g V/._ —_— @
(" b3 L7 I
I = I I -
* = L+ CS)_ @

- ™



fCae® > T (Mvht L) F Yoy, —
fily Vs Larv, —— O
VAR b M w @ ,

¢ o Eue®) s Vs (V_}L i, +1 h) zZ+ V.

( Ve = I:'+ \%;J v, + 21, — @

# Luh 2 QL C.O
s 7 AT / > L\ _“:): y A -}:,,..‘{ 5
L= Vv + Lo+ Vu/ t V, Y2 + %Y T,
A}- 9.
# v s l+yl‘rj+I],+T.
' L2 Vel v 4 ylz]+f[r+>f1w*@[
u ~ |

C = Y‘f’ Yl:?:
‘{}.
D= (+Yx
2.

(N



-
A= It Yz
£ = )
C 2 ¥ Yl,(
D= I+ vyx
2
ABCD FARAMETERS For  Mepiopm TransmMisson ke - Nowmiwat
T _Meryop
Sﬁou\) t")C\‘t AD— BC ol
LJ L —-;:J L | 7-:_{_1
= I yx 4 vz +\/;zf A A
2 4 T4 A,.
=k WX =y
. AD- Bc = I >
/ _ —
\ / QU e J-J__S] u[o:it a0 i \/.z, - sz,
A X [o0.
Vig
/ - 5 P
X (00 |
£
(D»igﬁwur\um'gr Nouiwar 10- NeTworks PAEAMQTEF{S UerG/
ABCD PARAMET ERS Oe [ong TRANSMISS (0N Line |
Nomenal TT- ”/co O‘i coed wm AL o o cscon oe
L




A, - e ' —~

( = | Fag ! | / i i
b | A= Yl e 2! e Yz v] |
( L + 1 )
( 'y I' r;(j L\ P) D !’) e aard 'L[: hok FC‘E e ',Oﬁ:l t Sl LreY LAt ©ah
( [Lne s
( - -
A . coa b d
(
( B = Z A (_I(')ﬁ \7,,[
( . B
- — 0
f C = \/S(_dﬂ ﬁ\?u;t‘*
| o
(
o — " — A ) o Jhael
( ,
( .
cc»gh vl 2 f+‘/!;_§’ e L&
( 2
|
( ZE _choﬁ'?'l s A — E— @
‘ LB el J
| Zee L 4+ |
(

( % Equ @ = 7= Z, Leahwel -

| R R P v o [=
( | 0O s & ‘\ j
i& = EQV.LL @ = Z}I = _J '—3” N dnﬁ‘?i _

'S XI\J x divede Bs @A above eq B:j 1/;:}' w L -

¢ & : U B L abed x Vzy N

I\ i ALy =k \; e . o

- xvgir)(ﬁ\jv&'
—1[_;:] X ol
% = Sub 9 - Jz—jr w  X- mxd o obove equ



e Z = A u_L.f_raﬁ-{/‘.ﬂ @ ¢
vl (
K (S b €qee @ <o e q L @
_ i -
k [+ Y Vs B ¢
= | % AR e
|~ >
¥ _Y_[ZC Amf?l] = colivd
2 -
| ' _
2 Leobhvu
Y Zc [ _co_j__%_j - C@Lﬁ\?l - b= @
. M&LOP‘;?\{ =

2 Lwohvd  cochvd
£ P

N R 2
. coehod - cahvy + 4620

£)8

.j

2

2
> CO*LF),\?i — chfngjlfi
2

=/

2
Eq’u@_—% y'zc [dgcbﬁw_li‘ Cdﬂ.ﬁi_]:[’o-;gl_&l,_ +¢cb§lﬁ_
2 2 o}

[c’os b*vL — xob L
Y B

[
Yz [ s B o5 _ _ 8 o .
| HOPEE AL [ bl iRy _C@Ly/[\él ta B
HE
2
f . "
« Y Z, [ s bl C.ﬂl’g’ym(_j - 2u4wh ol
5, o B N (

* v Z = 2 t0b VL |

9_ |

=
Lo s C’@Lﬁ?i {
8 2 |

] Y‘ZC 5 :)_'{‘anﬁf_\_tv
2. (
s \/]2 Q_’f_anﬁ‘?i

o

_—

%

C -

PN -~ P -



i
O above & c’L} {

' Y

¥ y . 9 'E(‘.\ﬁ ﬁ\ \?J/l

o=
<
-

Y
* xfj e the A OL above eq.c 6;/ \/L\y"v J/z.

e \/, = \[ZX Q—%C"(}E.i:é ¥ 427 X “P‘/l
= 3
| ETIER

*  Sub Al ¥ yxd = Y o oabove

@er AL =
e
: L - _X_, X/Df{*okr)ﬁpl % /
ad 2 .
/2
g
. r __
Ly by
- 9,
| i/
to .
¥ L\Jﬁtn e s r\}u\f){a_ud E):) Z_.';Lbﬁ@&[ .
Vel
/
¥ Y e e p{aleeat £y Ve {_@g’ e T
T \Nﬂ 4 Top T /9_ e
A
Can obtain  the somdal - T

] n/\,o .)éout(_ ulonC/

Tx aar o uedon lin &

Nomrmar - NeTwork For  Long Teansmession  Line .

. Iy =
'T" 8 -~
T—A- %= Gaabod 7
, v
Vﬂ:, [J\J 4 \'/JL
ll _}'ﬁ_ = -i. L.C-Dgo ;‘/fz_ ] f)
S B =77l B



J

Dererririing Nomenar -T  NETworRKS  FPaganertrrs C.SrN‘C'[
ARCD [)r\ FApCTCKES Qe {—r\ fof ([ TeAanst 55t 0K Line
¥ Noco coal T ek v B OL a roecicen 1T ant retcicon (o
<:& J': T
73
;. ] — e
~ |- | o
wgl f
7 A
| "
X Apcp Pow&cnmehu fic& twedorrn TR ammictcan Gbe o
G
.‘L_
B - z’[H iz — (O st
A’.,
C - yl
¥ ABCD Pa&amejlk; ~EO’1 v{of)j '_{‘Imt,mmt‘oo Q’oe L
A = D = CCM.{‘L:‘?i'
Loy ZC J,‘u’j'€~Pi'
N @ J,e_'_i_—,
¢ =  adhvd
e
o
s Eq_/LLOi}:Dj E = d) w LTC @
CO&ﬁP\l = | + Y’Zr S @
: 2
) A i
v ainbod = [r—r ﬂij_d_@
c 2
L’_
tobel =B
2

&



= cu > Z = < - ¢ 2y o
Ry e 4 = O e O
K [ L1 @ e »%(_.OC::YJ B \/[

e
=

% X[j ¥ -~ thE LS o above ecqu 5:} {Tyvi

* E K e Y, afed _—
m Az Z

- oo VKD To . onBed

* Swb Vo 'JZY ¥ Ya Ve L o above eqaL

% | F\f’ = Y J,Lhﬁ\?l, ]“___ @
?,_L

£ Seb @ o @
. | ' =r
£ Cosfw?\t = [+ Z [,L,L'oﬁ?»{// -——@
5 21

Zc
* e Lnom,,

v cothvd - coeh* ot + Lioh =9l

2 2

» bl _uoBroy

9 2
i J,Lbﬁ‘?i = 9 Lo Hvd CGL('? N3
9 2
. 2 = -
£ B @S cobod L aEry - cotH L Lofted +
2 2 2. *

o
L awB vy cosBod |
R;C & ~

2 Lo b rY _ !
B —£ g ,r 4obvd co ﬁz;ﬂ
—_“— l Py 5

Zc —

\l@



o~

: : R
* 2 Lc(ac),ﬂ/"l—_ ) /CI B
. )
% 2 Eoﬁﬁ‘i_ﬂ‘ - Z '
2 =
K Lob ZC. = —‘-Zf k2 X[U ¥ = the RHS C}’L above €q e
by Hzv « 1
/ :
e 2 Fanh vd - .5 =y 1y
-y e
£  21tanh¥d 2 S P f
3 .\' =z = X / 2 X A 1
[zy 'y
*# 1‘{2@nﬁ_\fi = VZY x4y x z!
> :'C,xi/,_
K Lwh @ 42\/ Y oog G & < o above equ (
o ofeob vr E T AR ‘
¥
2/
P'S ;Z{‘c.\n ﬁ v X & z 1
e 7 |
i {
% 2! . % teoh vy, (
2 2 'Pi/l

p—

e s JULF[CLQJDQ Ve VawBal 2L oz dF YA
v 2 ? -
g, Co0 O‘EFECLLI) the

| an e 'ﬁ@_c«.m o uLoo tne .

a4

- = - rN A~ —



(

.L

(

(

(

LA

NO tREA L . f\li—.rf.\,ﬂ{«;’ o4 fo[’ A [_OM(:[- T::C’AHS FICSS [ on) [_”\[{ :
-1 -
.,./)’ - { = _72_;. v‘_‘cin“"\\‘)k(/;l/ '?l’/‘;
2 1o~ 3

]

[:[\/|: Y._J,(oﬁa?-_( \/J;

v l

| @JZ‘L mMcoe
(

e I)owcf: ‘Lcui' o4 -ﬁdz
(

1

)

(.TL t@;e If,ioe . ge,u‘e,

cla {': i q_.l,l":

3. Fro - é. 1

D FoA_CLm hans

GrIvEN
X 3-¢ JDLJJAam- ;

the 1end inj end VO tf:ug e Cceunho n‘f?, poco ek ¥

TOMUYA ﬂ"”

b

a [6okrn  techoo 01 g P@age lLine

fq;lk\/ *“1"3({ "_“1{_.-, N ._gl!,--_ .._{‘*»-11_, A,

ERia A, . S

i) .y
P 4
21>

Tk PLUL Lne c}.;‘gg.‘p_n_[km 3~$Pc2cﬁr)7

oo 5 Foge0 ‘&_ctru()o&ed . Evcu@u ate A, B, C¥

olro. D caro clor [-qQT 6 crmo -

-_,[_,; 66 ke

* PR. 2 TaOMVA
& VR; - (32ky (Qhe)
= 132x (07 _

(3

0.9
PRr + B'd X(o@x
kR - 9.5 0 A
[km I
C{l 2 3. Fro
dg_ 2 S AF"—'F’S‘m
Clg) z :FA"-FO
O{LlCL 2 1« 956 o
Joo= [ qCleo
a

T62%({0.2 V"

5

0.8 - 40x%x(0°W.

f _«-—fj"_,_—z—__‘
[« 1S5 © X (O .

]

a. 9F8 X té“lm,

\ 9] J



r QL acn \’r? hos
¥ 7 h

o+ / Jl_cq wlatian.

cS(‘L UTHo N -
% Swoce oy (6cnl<m~) o L e Jorﬂ ‘ﬁo\(u,méu,c‘oo loe
. om i 3
X L / ry He [__r_ + [07 mg ‘] Hf/'
* Je oo
2T N
-’D- i '-'\J Fi X :F"}
- C.61lF o
3 dd,dy = sér .
* L{m - x| P 56] ) |
72 S © | c9rs o
-6
L = L3%2x o me. 2 {4 B2 % il H/
ko
* X - 2 2L
2 AXTZ 5o rag.‘lx[o&g
X i G 4146 o
L e /km.
* %

Q""J:X
‘ L

5 (OJ??ZF —;-J' o.4r+6> _n_}km‘

4428 67416 “"*/kmj

L Y .



= 27T x B.854 X jouu'
Oj ‘?61
€ 0.9F8

2. 1+C8 X (o F—I

4

[apF

3]

g.¥58 X jo ™1 P[km'J

o s M

¥t

5 Jx zﬂxf,xc
W('I‘

J‘x A% Gox B.9F<8% 0

W

} — b
e e e |

(]

3
2 \/ ~
. \/_0.4418 | 69.416

jrFets X 1o

:J_O-HM N (GETTR TP

2. F-514 X )

- 40[.8 —\'/_9_0.5‘84% (\m 2 QOC.’C’-\:
. V)

I

_ 7
 aore o9 !

| 2.0



mry (

= ,\/ouz}qag !é‘f,z}lé XJ‘ l.lﬁ';"uf_ x (0

e tame o (snare + L)

;v L2118 x ro_E’ { (9.4 16

X = l,lOK[oh-B {?—‘T.?o%

((_!3_‘7.& 2 54

A : "f

2 6 [ 1. Fo %

Iw’i 20,0314 +] a.ffF.B.[

v A . coeFou

A - CCFLﬁ(Q,d.g[{_ _f_jo.lf?‘—@'
[CQ‘S ﬁCQf'JQ = CO—L‘)DQ C,c}-s\f) _[_J ‘_}’L"‘qf 2 £'7

.;CL.&u)tif ‘
e A - Coéﬁo.,OBIAf- Codt A.(F 3 —f-ijvéstbﬁ O.Ga!d} Aeo O 1 F3 |
{ I} ! d ‘
,* A = (0.99%95 x 0:98%) +j@-08129 x o172 |
o Unci’rfﬁé_}-g—f—J E.—.B?xro'fj' (
W g
[A = 09845 [9-3136 :—hl_ {
(e . TS _i
. : (
B 2  wwheod. x Z. -
| . J.(oﬁ(o.ogr‘f+jé.|4‘2) X %, {
{—V\Lti')ﬁ):(CL‘!’J:B) > Aénﬁa("agé £ C&Lﬁath'Dﬁbj ¢
i [
’& P) " @U’)ﬁ a.o 3[4_ Cg.g 0{4‘3 -f-j CaL 0.05{1}‘.&;0 Od-f—%) Z’C(
! ! <
JLCLd J..cu" Jmcf JLCUf, ¢ J
/



~

.

(3 :'l(;‘-""f‘ 51329 x . CT‘IE/‘.;, j (ﬂ.. TITS x o 5?)} X X
» ['c’l,("})'%'n}J .-!fl’Jx' e
B = ['O- 44 F L”_éjj X <,
= [‘O.IT;—ZI-lT ]?-‘7-69 x 4£0[.8 !~(c-l‘7:J
£ = uLtbﬁ?i
ZC_
“ D TR 443 X o fd‘"’ﬁ"f"}
40 & l-—fﬂ.lq .,

X too
Vi
VJ, - AVJL F B'LJL.
r . p 6 :
& ‘ :
\./J,, C‘”’%{ 3X F6216 x 0.8
— T
i 208, 6
a2 .69 A : IJL; zrgéc;/ 36. Eiﬂfc%dr

v,

1’

Vi

” [0 C[gf';‘c‘g[a‘q]w FbH210 -f—[% b?%éj [2!8 &9

(fﬁsoas T |o 3f>6> (S_Af? g [3_9~i>
k"f’bC).—PB +J‘4fo 6)‘}' Cflcfzf_lg.rj gl4?l‘c?)
BETT¥4.3 +J BLE S, ¥8

12 )

36 . %’{f



X Toa

S L L (I
0-‘%85;';

= X (oo
+69 (o

/frl y Pe
3’“ I: Cot
=t 4
T . . _
T4 T = LMy o DI

S
2[%’3:;:)“0_4%]*161[0 1—[@,5]8[};{0.3{36 X

2‘goé’q '—36‘%$ '

:633-303 [ﬁ_ﬂ_ﬂ 13 (Q.!';..Bo ~36.5¢ )

t)

(0.3 45 t]33.30)+ (172.95 ijjlgqg

= [F2.987= [ 94-9.
T ) rql}c ! 28‘*{‘ A
A _

[f‘& = & —f-@_l

[ 55 ‘\1{)‘7

.z 8%3d99.% | 5619 Zxﬁﬁﬁf/
S </

R S O | e fé
4

T, - (9%.30 [-28%F

o

- -, A~ -, S S



@ - g9¢e.7F ( [ ‘:{l & -{]>

c g = S.E[94 28-F
[ 2.

ﬂ._
S
s

H

t

34.379

T

% Cos ¢ = ces (34319

C oL ¢,b: e. 8259

* /N 7 @ PR

= 4f~OXf()b

X (OO
AX ¥8399.% x[9T.3a Xa. 81295

C/S{kgfe IMPE(DANCG - zo

* hastae balofie Cro}Dec’ance Zcz \/%

« | Aokl
Y kol

| Z
A=
- St | el
5 .-H‘ e -

2

¥ For a  dowliw  (oe

-
T et
A S e i
I =
o _r__'
’(Jo 2 o f :_—._&/* ',\fﬁ*u,"\}'f; or
k- -



R A e N sl |

~

Surge Trpcparce Leoaping? (

C

'-‘* P B Bl r] & (l(‘i—';‘ \"! O EVe k[_(‘\(- ﬂ' r'(-}i-/ ﬁl e il ]:.-{1(“ \nt, {’3(‘! PO“‘“
. >

' S : : - e Y |

.—ﬁq_ oL tte c{, Lx_lf'-\ e {F)Q (,tr;g i i f:ZUL O oy [ («_( C?—)J("GLLUP)
a Aot C-('ﬁ[-Q ee € AL al ‘{—0 b {._,L‘Li] e (‘_‘n‘)PP laoce

‘e (

Fegrrant) CEFFECT:

3 IO O e C, C:Lt.rr) Ot [G_o ‘&fb 1 O Lfg_.&g‘o(’) L{{‘J@ 3 (53] ﬁﬁ'f)
G-P en C.Ltcuj_’tlcl 'z Loadr_r{ Lﬂﬁ'ﬂ”j n ML el \/chj enc{

Volt~ 7é ’u_ I\c &8 D) C{ _f‘o be O ML {—6 oM e C)_«._'Og

-

59

L ey ant eLT)ee't

lon ep angk [inee!

Y ? ecel \fchj - M c{ Vo [;f: (al 3 (s W Culsien "Pb ot

QC‘LLLC'L‘. "&o b{é@ Cc&’u\,e_gr)omc{ v.'r)f)
eboct th ere e

e Lend j
D Lo e atl j N

valit 4
end cotn et ¥ Vot cw-ﬂ e ‘

o g L \_’L;J;f) e A
{O Cl_Cl . bu._C b

oaQ \foti:acle chk_oP ot
<]

Ui et .
CCLLLL C{ %LL_ (] e({ P ol L5 3 ~0

_~ gk s e am e



Pow ek Cige Lé Dia G[RA-M .

| Nee;p -

—_—

v To [;JLO\/EGLQ " ,}._Q_J')ﬁL‘CCLZ routhod

Cao Ve LLD-L_ 3

-(Lcw, Lbuol yinq xthbe P U"Ldﬁ P fid 56 C‘“{)-I[TLC’“M’T’U"* Co0
Usee ! '
£ Jo ﬂ@:m srobility wtudd
k peachive VA col calatio ne
¥ SyLEm cbuat‘jn ‘56{301-5500
Pecervidg €MD FiyA sor PAneprat
V.= AV, ¥ Bt
wh one A A [ XL Syl o Fve ouaﬂle
1 2



\(/ (4 A (‘l. L V\‘ l) LJ (g“w )
% ¢
! \,(l
|
[l / -r'
/
{
I /
|
/
Yo
f\ h o b —_—
i
£ "
5 o //.)\ ;
D T
\
/ 4545
I i /
/ /
/ P
L L
R
Steps  Fog Drawine Pipase DineRard . -
L TS e
£ Talke VE( ot J&LLMLO ot e tok

% To dJLoU—O ., B I: Ve’g{jg‘»ﬁ_ 5 Gl)‘_&,lﬂ a_ HL.L(\LL

lLCLC[\Dj‘ blkf e ouhﬁ e t_‘-'
%h@m TE R TJowo Lbw \/e_,{bdh, to )

cﬁe_oLot o A \fY “ﬁ“c j e AT s
[(u> 1o  the F—E Oﬂ

o h oL

K ,@&L LV o lwoe

’Ek cﬁf oo @_]Luj o oM ﬂ L q; . w b R

Va4 {Jb.hou(]f; O, Lu



3?- Y N g f l-i' 0 R s l\' ol (3.0 XA (] ({l F' L 7( l") \/1R
K if\‘]\h L gL =t “{Ci ¥ost o e) LJ J
x Yrow (X, HMoe CEnteas i r“> C\! siceb  th ot

M

k.!'f” O A bc L e u D) (‘MVJ (e P / ot b \/15

gw@‘b Pow-ﬁe Ctrere :D{A@[RA.M ,

- YV T
A
. vg>
R{ RS
e/ e
® T‘;“\ qc"i_ PoOcyeh \/ e ."f'—nu, L me‘,L,tb P[L_J CLL/L €
0 LL@L;_I ‘e B ____m
E B
— V 2
V’l?( ———) \fa e E. . \{}?4 ['h[%
B B
AV = AV x Vg AN Tu—B
' o - W PG .
B B
BT{Q( = %IR/X V_P‘q 2 V. T ["Cph
_ 5 o A D -

B

Nﬁeo Compmd’vg all :I;%e | jjoj\,m !
!

V8 <! \fe,cij% oot | : {\J ot \ ,_6,
! . o & (3]
[7?] Ve kot ot b';;) g = L
B [ dicg o -
qet whe  powwr ST T

‘oo oM b S - t})
¢ Bototi  pRaren deagn y ~F

£he clockobee o Lire oo .

an- p,




X SQ”C’{@? end

FOL/O&}L

a0 A\/@?* v&gt_d{ .

G;ECJLJLC/LE_ W hos Jy_o_dm‘? L vv?{/B. |

% (o iLF)CL :b@ve, C_Lr;_bx{_ iﬁ «t"),@_ }Do\u:)fi_&_ é

arele  dhagurore,  heelve AVe™

Jol ¥ suactive C &00 Pom‘l‘. 2

-

IZ&O\-L o 2 AV.E

R, Cot B
B F(
Reachve powossAve, ©
B Pg
| OY (
| YVECLLPO_LOQ(
| ¢

(



m‘l, ce 67;“[;:1! ¢ b o N ek . 3 (_I Lo R

(’{'. Clasd = (EI! cath La
e - . o « |4
L LA UED @(N’{ Fc\cne.‘l_ (L4
A T\L’) cL e et ce fJ
J
dL-'aﬂh_dm
Le

Cie CLE&

E@ OATLON OP

A -—11-“
e
5€'ND{NC7 En D PHfA-sof{ u/rDlA‘G(EAM .
v i .
. R/ 2 <j>\/[g__,_ B,__é‘
wﬁe’% s N ‘,.9-“ .  
dv, = DL VR P e
. o
LLCL(;!LA \f& b\,l o0 OLOS.(Q A

¢ Phosow DVe

x BI, . = Bl/_) ..AL/ . T, B~

% Ploros BL, Jeade Vi bj oo MSM}E#S@
< VPJ 2 Vﬂf [i_’/-dh/f




| | B /

[:

Steps To Draw  (ue Miasor Diae rate :-

o

g Take V| ou sejereoer Veo e

i oy V&C:L&'L [GLCJ& V, bj Omﬂ(i \CP; |
® DV, Vectagr JMtads V. by oP Oﬁf[[@ s
% To chowo BT, vectow, jbuaw@ o i iaac&hj

b;} on gL o| B (reosen e 0°) foro Te:

., % ~t Gdhe ath 0Lo T';\)_L@d o D
&Jf@m ﬁw;.. ve ctan "o Coto the pt oY |
j‘o fi} Q:t v‘& “ (

> @,}L_ouuﬂ o J,LD <3 P %ﬂo L,Lﬂ ﬁ OY dgLLc/!') Uv od'ctt
- {
mm au Gnﬂb’J [P(& COCtb 23

L _4‘

. ) .
NN LLLOQ ) Q,,IL,@,{_ oD anqls . {5 U\_)Ub(—) V,g_ . (

/

* @ et e Lune {’EM) o' 4 wee b b &t

t roqlbit ek cxoc]u P wocthb V, .
v

F . T U



O C MPD HF[ Crp Vend e & {teCt (‘_ | _"V\J,_\_l‘,‘r\/”. li ;

> [ = \:f ¢
g LK ‘
B .
K rG ob{ ain ;UQL * PO ek e kit

: restaots by &
4be  vqe vedto <} &/B

Tv‘& = V(:. L[,?:E: - \fb i lgOOfE .

re el AAT & ld o Ll

©oele T
Vo e M N =8 W e
o )

v > VeVo | @’ -p-5

~
-~

s \/’3 ‘ Rga”_[g

B
v PV, v —Ve L pls Vo

& . =
2. . _
= D Vg w.
. | B
L’B'L& S BI/S% QV'&.. - I{{?\/,g__
® NF: A COMNO P otudD B ol dbe j—ﬂjb (s ww b f"hﬁ
\fe/rc:tcm ‘ i
Vﬂ@, Tt ol tbe T rhoudd B2
} ! ! Wa i ”“!"; E)v.! = LL'
Klvj bed D\,] — Ve Kol O ﬂ} = ama

; e.'t' f—(jl) e [9 O eek e Q-L!L Db_cu(:J +aor

B,
OL (86" — g ﬂ

* /EQJCO:-tu‘“j b:/ c[éo ehH EF)Q | O\r‘f(ﬁ.cﬂock U()E/:-@,

Q]M’Lcjt oo, LLJ‘LLL 8 w/ e J;Ee f)c:motfl L

OLL‘CL_OI Lol
,

f T .




% Ko cony th end. \Fo coeh Ve Vo /
e
/ oo D \fS‘L/ 5 ‘hoathen | hen iy

&~ D Va Z/Q s deetder £he Cj,ﬁ‘tka G-L weds  aBate _
; [

Fadue e O'V’«

-
K To ,{)u‘ncl _HBQ C_UT{ELL .ﬁg-‘l the Powe,&f c,uLLLL
CLJ:CLC,JLO—F‘O i MDCU £ DV / g h_TL |

’ 2

D O A
/E&Qchve \ /B !

AB -
-

Roal

Comfooru,h é

Compo mu—ft‘

CL"—P e cu O cen ’ Q

—(L—__DC" C_'.}/)

R
2
P Ve 4 chg,aB
B ' ¢

C."{

\

\
_A>(

(

{
¢
¢
(
(

A



— —

[ I/\‘ b (J\\f‘e'[’ e i(‘1l 113(\) S 4 ])'-J(_ﬁ

C{L QJV![[\_(T)
Cau Oc  Cirere

(= + (g

(P‘ /%VZCC}&D rj\

T [@ _ | DV
o

Cuaractentetie  Tupepance (% )

QLQQ’ LriLL) .

;l.

kB

f—UJL ct

o L L,
soud T be

L4 C:t/{. ﬁm/D ed omco -

0.



UNIT-4
INSULATORS, CABLES AND OVERHEAD LINES

Insulators - Types and Construction - Voltage Distribution in String Insulator - string Efficiency - Methods of
Improving String Efficiency - Cables - types - Capacitance of Cables - Insulation Resistance - Dielectric
Stress and Grading - Dielectric Loss - Thermal Characteristics - capacitance of Three Core Cables - Stress

and Sag Calculations - Effect of Wind and Ice - Supports at Different Levels - stinging Chart.

Types of Insulators

Pin Type Insulator
— Voltages upto 33kV

— >33kV too bulky and uneconomical

Groove for-
conductor

steel pin
(1) (iz)
Fig. 8.5. Pin=type insulator

Suspension Type
— Voltage > 33kV
— No.of procelain discs connected in series by metal links.




Strain Type
— When there is a dead end of the line or there is corner or sharp curve or at intermediate

towers, strain insulators are used.

i . LT PP |
- _l:..’i.ilht‘i'l'l".-”'l'"' "‘lf"li!ﬂlnlr-m[iﬁ} -

N

STRAIN INSULATOR

Strain
insulator

{

h

L Conductor
e

+— Pole

Fig. 8.8. Strain insulator.

Shackle Type

— Inearly days, shackle insulators are used as strain insulators
— Used for low voltage distribution lines.

— Either in horizontal or vertical position
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Fig. 8.9

Properties of insulator
e High mechanical strength in order to withstand conductor load, wind load efc.
e High electrical resistance of insulator material in order to avoid leakage currents to earth.
e High relative permittivity of insulator material in order that dielectric strength is high.
e The insulator material should be non-porous, free from impurities and cracks otherwise the

permittivity will be lowered

Potential Distribution over Suspension Insulator String
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Conductor

terms of string efficiency,

The ratio of voltage across the whole string to the product of number of discs and the voltage
across the disc nearest to the conductor is known as string efficiency i.e,

Voltage across the string

String effictency = ~_ .
: Y™ 1 Voltage across disc nearestto conductor

where n = mumber of dises i the string,



Methods of Improving String Efficiency

By using cross arms
» The value of K can be decreased by reducing the shunt capacitance. In order to
reduce shunt capacitance, the distance of conductor from tower must be increased
l.e., longer cross-arms should be used.
+ Limitations-cost and strength of tower do not allow the use of very long cross-arms.

» Inpractice, K = 0-1 is the limit that can be achieved by this method

5y using longer cross-arms

Tower-p.

Cross arm

|| o
Shunt /

capacitor , I
i

By grading the insulators
— The top unit has the minimum capacitance, in-creasing progressively as the
bottom unit (i.e., nearest to conductor) is reached.
— Voltage is inversely proportional to capacitance, this method tends to equalize
the potential distribution across the units in the string.

Disadvantage -that a large number of different-sized insulators are required



By using a guard ring
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Inter sheath Grading

* In this method of cable grading, a homogeneous dielectric is used, but it is divided
into various layers by placing metallic inter sheaths between the core and lead
sheath.

* The inter sheaths are held at suitable potentials which are in between the core

potential and earth potential.
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Maximum stress between core and intersheath 1 1s

"
Elmax d d.
u 1
Elﬂg“a’
imilarl -_ 5
Sumlarly. S
“Llog 2
2 74
I
e
D 1os 2
2 ey

Since the dielectric 1s homogeneous, the maximum
stress 1n each layer 1s the same i e,

Eimex = Emax ~ Eimax ™ Emax (SE}F}

I R
ilog - ﬂ]u a4 d—zlﬂg D
2 "°d 5 0Be d, 2 "%d,

Capacitance of 3-Core Cables




Cff = Cﬂ 1 C&;l
= (,+3C,
If Vo 15 the phase volfage, then charging current I.1s given by ;
[ = v
‘ Capacttive reactance per phase
= 28f7, Cy
= 27, (C,+3C)

Thermal Characteristics
* Current-Carrying Capacity of Underground Cables
— The safe current-carrying capacity of an underground cable is determined by
the maximum permissible temperature rise. The cause of temperature rise is
the losses that occur in a cable which appear
(i) Copper losses in the conductors
(ii) Hysteresis losses in the dielectric
(iii) Eddly current losses in the sheath
* The safe working conductor temperature is
— 65°C for armoured cables and
— 50°C for lead-sheathed
« The maximum steady temperature conditions prevail when the heat generated in the
cable is equal to the heat dissipated.
 The heat dissipation of the conductor losses is by conduction through the insulation
to the sheath from which the total losses (including dielectric and sheath losses) may
be conducted to the earth.
 Therefore, in order to find permissible current loading, the thermal resistivities of the

insulation, the protective covering and the soil must be known.



1. Thermal Resistance

The thermal resistance between two points in a medum (e.g. insulation) 1s equal to temperature
difference between these points divided by the heat flowing between them in a unit time i e.

Temperature difference
Heat flowing in a unit time
In ST units, heat flowmg 1n a unit time 1s measured 1 watts.

_ Temperature rise (f)
Thermal resistance, § = Watts dissipated (P)

Thermal resistance, § =

i
or s =L
r
§ e L
a
or S=k£
a

where k& 1s the constant of proportionality and 15 known as thermal resistivity.

2. Thermal Resistance of Dielectric of a Single-Core Cable

Let us now find the thermal resistance of the dielectric of a single-core cable.

Let r = radws of the core 1n metre ~ _""“\\
r; = inside radius of the sheath in metre / \
& = thermal resistivity of the insulation (i.e. dlelectxlc) ran 4 .Ir1
Considerlm length of the cable. The thermal resistance of small ele- | :\ N |
ment of thickness dx at radius x is (See Fig. 11.21) '._\ S, dx ;’II
ds = kx ax \ P
2rx e R
.. Thermal resistance of the dielectric 1s Fig. 11.21
5 = j’f: Ex dx
r 2mx
= ir‘ L.
2w dr x

zi log, 2 thermal ohms per metre length of the cable
b4 r

h)
The thermal resistance of lead sheath is small and 1s generally neglected in calculations.



3. Permissible Current Loading

When considering heat disstpation 1n underground cables, the various thermal resistances providing

a heat dissipation path are i series. Therefore, they add up like electrical resistances in seres.
Consider a cable laid m so1l.

Let I = pernussible current per conductor
n = number of conductors
R = electrical resistance per metre length of the conductor at the working temperature

S = total thermal resistance (i . sum of thermal resistances of dielectric and soil) per
metre length

t = temperature difference (rise) between the conductor and the soil
Neglecting the dielectric and sheath losses, we have,

Power dissipated = n'R
Now Power dissipated = T::mperaturlﬂ e
Thermal resistance
PR=1
or n S

.. Permissible current per conductor i given by;

t
nRS

I =

Mechanical design of OH line
SAG

Owverhead Line Sag

While building an overhead line, it is crucial that conductors are under safe tension. If
the conductors are too stretched between supports in an attempt to save conductor
material, the stress in the conductor may reach critical value and in some cases the
conductor may break due to excessive tension. In order to secure conductor safe
tension, they are not completely stretched but are allowed to have a dip or sag. The
difference in level between support points and the conductor lowest point is called sag.
Figure 23 (a) presents a conductor suspended between two equilevel supports A and
B. The conductor is not completely stretched but is allowed to have a dip. The
conductor lowest point is O and the sag is S. The following items can be noted:

(a (b)

Figure 23. Conductor suspension between two supports



Sag Calculation — when supports are at equal levels

Figure 24. Conductor between two equilevel supports

L- length of conductor
W- weight of conductor

T- tension on the conductor

Consider a point P on the conductor. Considering the lowest point O as the origin, let
the co-ordinates of point P be x and y. Assuming that the curvature is so small that
curved length is equal to its horizontal projection (for example, OP=x), the two forces
acting on the portion OP of the conductor are:

(a) The conductor weight wx acting at a distance x/2 from O.

(b) The tension T acting at O.

Equating the moments of above two forces about point O, we find:

T X
y=wxxz
_wxz
Y=37

The maximum dip (sag) is expressed by the value of y at either of the supports A and
B. At support A, x=I/2 and y=3

w(l/2)*  wi*
2r 8T

Sag, S =



Sag Calculation- when supports are at unequal levels

If wis the conductor weight per unit length, then,

2

s S _owaxg
ag oy = >T
and
s s _ wxi
ag oz = 5T
Also
X, +x:=1 (1)
MNow
W 5 w
S — 5, = ﬁ[xz —x7 | :ﬁ(xz + 2, )0 — x4)
wil
52—51:;&2—::1) Xy +x; =1
But S5, —5, = h
wi
f :ﬁ(xz — 1)
or

Xy — oy = 2)

Solving expressions (1) and (2), it can be found:
Th
wel
Th
wrl



Wind and ice loading effect

lce coating
Wind
(2) (b)
Figure 26. Wind effect on the conductor
we =/ (w + w2 + (w,,)?
Where

w - conductor weight per unit length (conductor material density x volume per unit
length)

wy; - ice weight per unit length (density of ice x volume of ice per unit length)

wy, - wind force per unit length (wind pressure per unit area x projected area per unit
length)

When the conductor has wind and ice loading, the following points have to be
considered:

When the conductor has wind and ice loading, the following points have to be
considered:

- The conductor sets itself in a plane at an angle to the vertical where

Wy

tanf =

W+ Wy

- The sag in the conductor is expressed as:

wl?
5 =
2T

Therefore, S represents the slant sag in a direction making an angle to the vertical. If
no specific mention is made in the problem, then slant slag is found by using the above
equation.

- The vertical sag=Scosb



w, = \]'(W +w; }2 =+ [:ww]l

w = weight of conductor per unit length

conductor matenial density * volume per unit length
weight of 1ce per unit length

density of 1ice * volume of 1ce per unit length

density of ice x ™ [(d+ 2% — 7] x 1
4

W

density of ice X W ¢ (d + O)F

wind force per umit length

wind pressure per unit area » projected area per umit length

wind pressure x [{d + 2f) % 1]

When the conductor has wind and ice loading also, the following points may be noted :
(i) The conductor setis 1tself in a plane at an angle 0 to the vertical where

tan® = —Ww
W+ Wy
(77} The sag in the conductor 15 given by -
w, P
2T
Hence 5 represents the slant sag in a direction making an angle 8 to the vertical [f no
specific mention is made in the problem, then slant slag is calculated by using the above
Jormula.

(#i7) The vertical sag = Scos 6

g =

Stringing charts
« For use in the field work of stringing the conductors, temperature-sag and
temperature-tension. Charts are plotted for the given conductor and loading

conditions. Such curves are called stringing charts
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UNIT -5
RECENT TRENDS IN TRANSMISSION

Extra High Voltage AC (EHVAC) Transmission
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» <300 kV- High voltage
» 300kV to 765kV- Extra High Voltage (EHVAC)
» >765kV- Ultra High Voltage

« EHVAC requires minimum two parallel three phase transmission circuits to
ensure reliability and stability during a fault on any one phase of three phase
lines

» EHVAC line also requires one or more intermediate substations for installing
series capacitors, shunt reactors, switching protection equipment.

« Intermediate substation is required at an interval of 250-300km.
 Shunt reactor
 Neutralize the Ferranti effect

« Series capacitor



 Improves the power handling capacity of the transmission line.

» Static VAR source

* Inject the reactive power and control the receiving end voltages.

Advantages of Extra High Voltage AC (EHVAC) Transmission

1. Reduction in current.

2. Reduction in losses.

3. Reduction in Volume of conductor material required.
4. Decrease in voltage drop.

5. Increase in transmission efficiency.

Disadvantages of Extra High Voltage AC (EHVAC) Transmission

1. Corona loss and radio interference.
2. Difficult in erection.

3. More number of insulation needs.
4. Line supports

High Voltage Direct current Transmission (HVDC)

DC transmission

line

—>
l4

AC power

AC power

: : Q ) _ﬂ Converter 1
ZA

IRactifi
Sabh Rectifier
Generating \ )

station Converter 2

(Inverter)

TYPES OF HVDC

—

. Mono polar link

N

. Bi-polar link
3. Homo polar link

4. Back to back link

Q-



MONOPOLAR

DC transmission

line

e

AC power

AC power

O—-CD—Y | | G

n Rectifier)
Generating (Rectifier)

station Converter 2

(Inverter)

Monopolar link

1. It uses one conductor.
2. The return path is provided by ground or water.

BIPOLAR

system system

DC transmission

negative polarity

Bipolar link

1. Each terminal has two convertors of equal rated voltage, connected in series on
the DC side.
2. The junction between the convertors is grounded



HOMO POLAR

1.

S Je [Z5]—CD-
— i —
A ey oo

Homopolar link

It has two or more conductors are all having same polarity, usually in negative.

2. Since the corona effect is less in DC transmission lines, homopolar link is usually

operated with negative polarity.

Advantages of HVDC

Full control over power transmitted.

Economical for bulk transmission of power for long distances as cost of conductor
decreases since DC system requires only tow conductors. Therefore,
transmission losses decreased.

No stability problem

Skin effect is low.

No reactance drop, therefore no voltage regulation problem.
Corona loss is low.

Radio interference is less.

Intermediate substation not required.

Disadvantages of HVDC

Transformer cannot be used at intermediate stage to boost the voltage.



« Cost of converters and inverters are higher.

« Converter and inverter generates the harmonic on both AC and DC sides
The AC and DC harmonic filters are costly
Application of HVDC

» Long distance bulk power transmission.

» Cement industry

» Communication systems.

» Under ground or under water cables.

 Testing of HVAC cables of long length.

Economic Distance for HVDC

Investrment A

COsStT

'
AN
x A B -
oA

« An HVDC transmission line costs less than an AC line for the same transmission
capacity.

* However, it is also true that HVDC terminal stations are more expensive due to
the fact that they must perform the conversion from AC to DC, and DC to AC. But
over a certain distance, the so called "break-even distance" (approx. 600 — 800
km), the HVDC alternative will always provide the lowest cost.



Introduction to FACTS

FACTS technology consists of high power electronic based equipments with its real time
operating control. There are two groups of FACTS controllers based on different
technical approaches, both resulting in controllers able to solve transmission problems.
The first group employs reactive impedances or tap-changing transformers with thyristor
switches as controlled elements; the second group employs self-commutated voltage
source switching converters.

TYPES OF FACTS CONTROLLERS

In general FACTS controllers can be divided into four categories:
Series controllers

Shunt controllers

Combined series-series controllers

Combined series-shunt controllers

Series Controllers

The series controllers could be variable impedance, such capacitor, reactor, etc, or
power electronics based variable source main frequency, sub synchronous and
harmonic frequencies (series combination) to serve the desired need. In the principle, all
series controllers inject voltage in series with the line. As long as Voltage is in phase
quadrature with the line current, the series controller only supplies or consumes variable
reactive power. The other phase relationship will involve handling of real power as well.
The series controllers are shown in figure.

Shunt Controllers

As in the case of series controllers, the shunt controllers may be variable impedance,
variable source impedance, a combination of these. In the principal, all shunt controllers
in current into the system at the point of connection. Even variety current flows and
hence, represents injection current is in phase quadrature with the line voltage, the shunt
controller only supplied consumes variable reactive power. Any other phase relationship
involve handling of the real power flow.



Combined Series-Series Controllers

This could be a combination of separate series controllers which are controlled in
a coordinated manner in a multi-line transmission system or it could be a unified
controller, in which series controllers provide independent series reactive compensation
for each line and also transfer real power capability of the unified series-series controller,
referred to as Interline power flow controller, makes it possible to balance both real and
reactive power flow in the lines and thereby maximize the utilization of the transmission
system.(Unified here means that the DC terminals of all controller converters together for
real power transfer).

Combined Series-Shunt Controllers

This could be a combination of separate shunt and series controllers which are
controlled in a co-ordinate manner or a unified power flow controller with series and
shunt elements. In principle, combined series and shunt controllers inject current into the
system with the shunt part of the controller and voltage in series in the line with the
series part of the controller. However, when the shunt and series controllers are unified,
there can be real power exchange between the series and shunt capacitors via the
power link.

ADVANTAGES OF FACTS DEVICES

In the present day scenario, transmission systems are becoming increasingly stressed,
more difficult to operate, and more insecure with unscheduled power flows and greater
losses because of growing demand for electricity and restriction on the construction of
new lines. However, many high voltage transmission systems are operating below their
thermal ratings due to constraints, such as voltage and stability limits. Now, more
advanced technology is used for reliable and operation of transmission and distribution
in power system to achieve both reliable and benefit economically, it has become clearer
that more efficient utilization and control of the existing transmission system
infrastructure is required. Improved utilization of the existing power system is provided
through the application of advanced control technologies. Power electronics has
developed the flexible AC transmission system (FACTS) devices. FACTS devices are
effective and capable of increasing the power transfer capability of a line and support the
power system to work with comfortable margins of stability. FACTS devices are used in
transmission system to control and utilize the flexibility and system performance. To
achieve all, the insertion of FACTS devices required in plant in order to control the main



parameters namely voltage, phase angle and impedance, which is affecting ac power
transmission. The power system should be capable to for line support of power transfer
with comfortable and stable for marginally.

APPLICATIONS OF FACTS DEVICES

FACTS devices have the following applications

. Power flow control

. Increase of transmission capability

. Voltage control

. Reactive power compensation

. Stability improvement

. Power quality improvement

. Power conditioning

. Flicker mitigation

. Interconnection of renewable and distributed generation and storages
STATCOM

The STATCOM is a shunt connected reactive compensation equipment, which is
capable of generating or absorbing reactive power whose output can be varied so as to
maintain control of specific parameters of the electric power system. A STATCOM is
usually used to control transmission bus voltage by reactive power shunt compensation.

PRINCIPLE OF OPERATION

The power circuit diagram for STATCOM is shown in Figure . It is a controlled
reactive power source. It provides the reactive power generation and absorption by
means of electronic process of the voltage and current waveforms in a voltage source.
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A single line diagram of STATCOM is shown in Figure , where Vsc is connected
to the utility bus through the magnetic coupling transformer. It is a compact design, small
foot print, low noise and low magnetic impact. The exchange of reactive power between
the converter and AC system can be controlled by varying the three phase output
voltage, E statcom of the converter.

statcom

=

Istatcom
Eutility

If the amplitude of the output voltage is increased above the utility bus voltage,
then the current flows through the reactance from the converter to the AC system and
the converter acts as a capacitance and generates reactive power for the AC system.

If the amplitude of the output voltage is decreased below the utility bus voltage,
then the current flows through the reactance from the AC system to the converter and
the converter act as inductance and it absorbs the reactive power from the AC system.

If the output voltage equals the AC system, then the reactive power exchange
becomes zero. In that condition, STATCOM is said to be in a floating state. STATCOM
controller provides voltage support by generating or absorbing reactive power at the
point of common coupling without the need of large external reactors or capacitor banks.



STATCOM controller provides voltage support by generating or absorbing reactive
power at the point of common coupling without the need of large external reactors or
capacitor banks.

In other words, the inverter can supply real power to the AC system from its DC
energy storage if the inverter output voltage is made to lead the AC system voltage. On
the other hand, it can absorb real power from the AC system for the DC system if its
voltage lags behind the AC system voltage. A STATCOM provides the desired reactive
power by exchanging the instantaneous reactive power among the phases of the AC
system.

APPLICATIONS OF STATCOM

. Power flow control

. Increase of transmission capability
. Voltage control

. Reactive power compensation

. Stability improvement

. Power quality improvement

UNIFIED POWER FLOW CONTROLLER

UPFC is the most comprehensive multivariable flexible ac transmission system
(FACTS) controller. Simultaneous control of multiple power system variables with UPFC poses
enormous difficulties. In addition, the complexity of the UPFC control increases due to the fact
that the controlled and the control variables interact with each other. The Unified power flow
controller (UPFC) enables independent and simultaneous control of a transmission line voltage,
impedance, and phase angle. This has far reaching benefits: in steady state, the UPFC can be
used to regulate the power flow through the line and improve utilization of the existing
transmission system capacity; and, during power system transients, the UPFC can be used to
mitigate power system oscillations and aid in the first swing stability of interconnected power

systems



UPFC is the most comprehensive multivariable flexible ac transmission system
(FACTS) controller. Simultaneous control of multiple power system variables with UPFC poses
enormous difficulties. In addition, the complexity of the UPFC control increases due to the fact
that the controlled and the control variables interact with each other. The Unified power flow
controller (UPFC) enables independent and simultaneous control of a transmission line voltage,
impedance, and phase angle. This has far reaching benefits: in steady state, the UPFC can be
used to regulate the power flow through the line and improve utilization of the existing
transmission system capacity; and, during power system transients, the UPFC can be used to
mitigate power system oscillations and aid in the first swing stability of interconnected power

systems.
FUNCTIONS OF UPFC SYSTEM

In today’'s power system worldwide, the transient and dynamic stability margin is
reduced due to increased power transfer, With proper control strategies, fast responding
Flexible AC Transmission Systems (FACTS) could be used to improve the transient and
dynamic performance of the system so that the system transmission could be safely expanded
by increasing the level of utilization of the existing facilities towards their thermal limits. On the
other hand, by fully taping their ability to shape the transient and dynamic response of the
system, the higher cost (compared with the traditional mechanically controlled power flow
controller, e.g. adjustable transformers and capacitors banks) of FACTS devices can be better
justified. In the FACTS family. UPFC is one of the most powerful and versatile FACTS devices
available so far. Being able to almost instantaneously insert a synchronous voltage of arbitrary
magnitude (within a pre-specified range) and phase angle (with respect to the sending-end
voltage) into the transmission line, UPFC can be used to adjust the real electrical power output
of an electric power system in real time. Thus, UPFC is regarded by many researchers as an
ideal candidate for improving the transient and dynamic performance of an electric power
system. The UPFC incorporated into the Philips-Heffron model of a linearized power system.
Dramatic improvement in dynamic stability performance reported in their study. Nevertheless,
due to the nature of linearization, the technique developed there cannot be extended for study

the transient response of the system.



The UPFC is a member of the family of compensators and power flow controllers. The
latter utilize the synchronous voltage sources (SVS) concept to provide a unique
comprehension capability of transmission system control. The UPFC is able to connect
simultaneously or selectively all the parameters affecting power flow patterns in a transmission
network, including voltage magnitudes and phases, and real and reactive powers. These basic
capabilities of the UPFC the most powerful device in the present day transmission and control

systems.

BASIC OPERATING PRINCIPLES

The UPFC is device placed between two busses reference to as the UPFC sending
bus and the UPFC receiving bus. It consist of two Voltage-Sourced Converters (VSCs) with a
common DC line. The unified power flow controller is a second generation FACTS devices,
which enables independent control of active and reactive power. It is a multifunction power flow
controller with capabilities terminals voltage regulation, series line compensation and phase

angle regulation.

The UPFC is a generalized SVS represented at the fundamental frequency by
controllable voltage phasor of magnitude Vpg and angle injected in series with the transmission
line. Note that the angle p can be controlled over the full range from 0 to 21m. For the system
shown in figure 3.1, the SVS exchanges both real and reactive power with the transmission
system. In the UPFC, the real power supplied to or absorbed from the system is provided by
one of the end buses to which it is connected. This meets the objective of the UPFC to control
power flow rather than increasing the objectives of the generation capacity of the system. As
shown in Figure 3.2, the UPFC consists of two voltage-sourced converters, one in series and
one in shunt, both using Gate Turn-Off (GTO) thyristor valves and operated from a common DC
storage capacitor. The configuration facilities free flow of real power between the AC terminals
of the two converters in either directions which enabling each converter to independently

generate or absorbs reactive power at its own AC terminal.

The series converter, referred to as Converter 2, injected voltage with controllable

magnitude Vpq and phase p in series where the line via an insertion transformer, thereby



providing thefunction of the UPFC. This injected voltage phasor acts as a synchronous AC
voltage source that provides real and reactive power exchange between the line and the AC
systems. The reactive power exchanged at the terminal of series insertion transformer
generated internally while the real power exchanged is converted to DC power and appears on

the DClink as a positive or negative power demand.

AC

Eilis LOAD
1 UPFC —
" Plineref
<AQ2ref
CONTROLLER [ 0P
<aVdcref

By contrast, the shunt converter, referred to as Converter supplies or absorbs the real
power demanded by Converter 2 on common DC link and supports the real power exchange
results from the series voltage injection. It converts the DC power demand of Converter 2 into
AC and couples it to the transmission line shunt connected transformer. Converter 1 can also
generate or absorbs reactive power in addition to catering to the real power need Converter 2,
consequently, it provides independent shunt compensation for the line. It is to be noted that the
reactive power exchanged is generated locally and hence, does not have to be transmitted by

the line. On the other hand, there exists a closed path for the real power exchanged by the



series voltage that is injected through the converters back to the line. Thus, there can be a
reactive power exchange between Converter 1 and the line by controlled or unity power factor

operation. This exchange is independent of the reactive power exchanged by Converter 2.

APPLICATIONS

> The power- transmission capability is determined by the transient —stability.

> The UPFC also provides very significant damping to power oscillations when it operates
at power flows within the operating limits.

> The dramatic enhancement in power-oscillation damping with the use of the UPFC are

also reported in the planning study of the Meead- Phoneix project

THYRISTOR CONTROL SERIES CAPACITOR (TCSC)

The basic conceptual TCSC module comprises a series capacitor, C, in a
parallel with a thyristor - controlled reactor, Ls. However, a practical TCSC module also

includes protective equipment normally installed with series capacitors.

A metal - oxide varistor (MOV), essentially a nonlinear resistor, is connected across the
series capacitor to prevent the occurrence of high — capacitor over voltages. Not only does the
MOV limit the voltage across the capacitor, but it allows the capacitor to remain in circuit even
during fault conditions and helps improve the transient stability.Also installed across the
capacitor is a circuit breaker, CB, for controlling its insertion in the line. In addition, the CB
bypasses the capacitor if serve fault or equipment — malfunction events occur. A current —
limiting inductor, Ld, is incorporated in the circuit to restrict both the magnitude and the

frequency of the capacitor current during the capacitor — bypass operation.

If the TCSC valves are required to operate in the fully “on” mode for prolonged
durations, the conduction losses are minimized by installing an ultra — high- speed contact
(UHSC) across the valve. This metallic contact offers virtually lossless feature similar to that of
circuit breakers and is capable of handling many switching operations. The metallic contact is

closed shortly after the thyristor valve is turned on and it is opened shortly before the valve is



turned off. During a sudden overload of the valve, and also during fault conditions the metallic

contact is closed to alleviate the stress on the valve.

An actual TCSC system usually comprises a cascaded combination of many
such TCSC modules, together with a fixed — series capacitor, Cf. This fixed series capacitor is
provided primarily to minimize cost. The capacitors — C1, C2.....,Cn- in the different TCSC
modules may have different values to provide a wider range of reactance control. The inductor
in series with the anti parallel thyristors is split into two halves to protect the thyristor valves in

case inductor short circuits.

o-:-. - 1€ E - <
B~ s
w—
o=
’I -

TCSC module






