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Q.1 write short notes on-
(a) kelvin’s law and its limitation
As economy is one of the most important factors while designing any transmission line, the cost of required conductor material is a considerable part. Thus, it becomes vital to select a proper size of the conductor. The most economic design of a transmission line is for which the total annual cost is minimum. Total annual cost can be divided into two parts, viz. annual charges on capital outlay and running charges. Annual charges on capital outlay include depreciation, interest on the capital cost, maintenance cost etc.. The cost of energy lost during the operation is counted in running charges. Regarding this, there are two important points that must be noted -

· if the cross-sectional area of the conductor is decreased, the total capital cost of the conductor decreases but the line losses increase (resistance increases with the decrease in the conductor size, hence, I2R loss increases)
· whereas, if the cross-sectional area of the conductor is increased, the line losses decrease but the total capital cost increases.
Therefore, it is important to find the most economical size of the conductor. Kelvin's law helps in finding this.

Kelvin's Law For Finding Economic Size Of A Conductor
Let, area of cross-section of conductor = a
annual interest and depreciation on capital cost of the conductor = C1 
annual running charges = C2 
Now, annual interest and depreciation cost is directly proportional to the area of conductor.
i.e., C1 = K1a
And, annual running charges are inversely proportional to the area of conductor.
C2 = K2/a
Where, K1 and K2 are constants.
Now, Total annual cost = C = C1 + C2
                 C = K1a + K2/a
For C to be minimum, the differentiation of C w.r.t a must be zero. i.e. dC/da = 0.
Therefore,
[image: https://3.bp.blogspot.com/-Ec01up0oLwg/VzF-b1P0csI/AAAAAAAAB6o/azX_82MEXNQBGRkNbu8SB0fk3vOgsdGkgCLcB/s1600/Kelvin%2527s%2Blaw.png]

"The Kelvin's law states that the most economical size of a conductor is that for which annual interest and depreciation on the capital cost of the conductor is equal to the annual cost of energy loss."
From the above derivation, the economical cross-sectional area of a conductor can be calculated as,
a = √(K2/K1)
[image: https://2.bp.blogspot.com/-zMy6RjeOpCQ/VzG3HSD89pI/AAAAAAAAB7A/5ihF76GWwgEgpBtviTaPee3Ysw-7Z6UOwCLcB/s320/Kelvin%2527s%2Blaw%2Bgraphical.png]
Limitations Of Kelvin's Law
Although Kelvin's law holds good theoretically, there is often considerable difficulty while applying it in practice. The limitations of this law are:

1. It is quite difficult to estimate the energy loss in the line without actual load curves which are not available at the time of estimation.
2. Interest and depreciation on the capital cost cannot be determined accurately.
3. The conductor size determined using this law may not always be practicable one because it may not have sufficient mechanical strength.
4. This law does not take into account several factors like safe current carrying capacity, corona loss etc.
5. The economical size of a conductor may cause the voltage drop beyond the acceptable limits.

(b) choice of voltage for transmission line.
[image: ]
Or
Q.1 A 3 core 11 kv cable supplies a load of 1500kw at 0.8 pf lagging for 300 days in a year at an average of 8 hours per day. The capital cost per km of cable  is Rs 8000+20000a(a is cross sectional area of  cable).The resistance per km of cable of cross sectional 1  is 0.173 ohm. If the energy loss cost is 2 paisa per unit, and the rate of interest and depreciation is 12% calculate the most economical current density and diameter of the conductor.
[image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_1.jpg]
Q.2 Compare the copper volume of single-phase three wire supply system assuming equal power loss in transmitting same power over given distance.
In comparing the relative amounts of Conductor Material in Overhead System necessary for different systems of transmission, similar conditions will be assumed in each case viz.,
· same power (P watts) transmitted by each system.
· the distance (1 metres) over which power is transmitted remains the same.
· the line losses (W watts) are the same in each case.
· the maximum voltage between any conductor and earth (Vm) is the same in each case.
1.Two-Wire D.C. system with one conductor earthed:
In the 2-wire d.c. system, one is the outgoing or positive wire and the other is the return or negative wire as shown in Fig. 7.4. The load is connected between the two wires.
[image: http://www.eeeguide.com/wp-content/uploads/2018/05/Comparison-of-Conductor-Material-in-Overhead-System.jpg] [image: http://www.eeeguide.com/wp-content/uploads/2018/05/Comparison-of-Conductor-Material-in-Overhead-System-1.jpg]
If R1 is the resistance of each line Conductor Material in Overhead System, then,
where a1 is the area of X-section of the conductor.
[image: http://www.eeeguide.com/wp-content/uploads/2018/05/Comparison-of-Conductor-Material-in-Overhead-System-2.jpg]
[image: http://www.eeeguide.com/wp-content/uploads/2018/05/Comparison-of-Conductor-Material-in-Overhead-System-3.jpg]
Volume of conductor material required
[image: http://www.eeeguide.com/wp-content/uploads/2018/05/Comparison-of-Conductor-Material-in-Overhead-System-4.jpg]
It is a usual practice to make this system as the basis fo  comparison with other systems. Therefore, volume of conductor material required in this system shall be taken as the basic quantity i.e.
[image: http://www.eeeguide.com/wp-content/uploads/2018/05/Comparison-of-Conductor-Material-in-Overhead-System-5.jpg]
Single phase, 3-wire system:
The single phase 3-wire system is identical in principle with 3-wire d.c. system. The system consists of two outers and neutral wire taken from the mid-point of the phase winding as shown in Fig. 7.9. If the load is balanced, the current through the neutral wire is zero. Assuming balanced load,

[image: Comparison-of-Conductor-Material-in-Overhead-System-23.jpg (198Ã�192)]
[image: ]
Hence, the volume of Conductor Material in Overhead System required in this system is 5/8 cos2 Φ times that required in a 2-wire d.c. system with one conductor earthed.
	Or
Q.2 Draw single line diagram of a typical power system. Locate various section of it and mention their on typical voltage of generation Transmission and distribution.
[image: Image result for single line diagram]

Q.3 Derive an expression for sag of s line supported between two supports of the same height.
Calculation of sag and tension in transmission line depend on the span of the conductor. Span having equal level supports is called level span, whereas when the level of the supports is not at an equal level is known as unequal level span. The calculation of conductor at an equal level shown below.
Consider a conductor AOB suspended freely between level supports A and B at the same level.The lowest point of the conductor is O. Let the shape of the conductor be a parabola.

[image: https://circuitglobe.com/wp-content/uploads/2016/05/parabolic-method-equation-compressor.jpg]
Let,
l – span length
w- weight per unit length of the conductor
δ – conductor sag
H – tension in the conductor at the point of maximum deflection O
TB – tension in the conductor at the point of support B.
Consider  OB  is the equilibrium tension of the conductor and force acting on it are the horizontal tension H at O. The weight (w.OB) of the conductor OB acting vertically downwards through the center of gravity at a distance l/4 from B, and the tension TB at the support B.
[image: sag-and-tension-equation-1-compressor.jpg (168Ã�38)]
Since OB is approximately equal to the l/2
Take moments about B

[image: sag-and-tension-2-compressor.jpg (153Ã�132)]
Above equation shows that the sag in a freely suspended conductor is directly proportional to the weight per unit length of the conductor, and the square of the span length and inversely proportional to the horizontal tension H.
Or
Q.3 A transmission line conductor at a river crossing is supported from two towers at height of 50m and 80m above water level.the horizontal distance between the tower is 300meters.if the tension in the conductor is 2000kg,find the clearance between the conductor and water level at a point midway between the tower.weight of conductor per meter = 0.844kg.assume that the conductor taken the shape of parabolic curve.
[image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_2.jpg][image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_3.jpg]
Q.4 Derive an expression of flux linkages of one conductor in a group of conductors.
Consider a composite conductor which is made up of two or more strands which are in parallel. For simplicity let us assume that all the strands are identical and share the current equally. The sum of the currents in all the conductors is zero. Such a group of conductors is shown in the Fig. 1.
[image: http://2.bp.blogspot.com/-MQNNyBVo7OY/Tsod6TRI7EI/AAAAAAAACSM/FxOE0nPXw_A/s1600/ccc188.jpeg]
 The conductors 1, 2, 3, ... n carry the currents , , .... n carry the currents I1, I2, I3 ... In. Let the distances of the conductors from a point P be D1p, D2p , D3p ... Dnp respectively. Let ψ1p1 be flux linkages of conductor due to its own current I1 due to internal and external flux. The flux beyond point P is excluded.
[image: http://3.bp.blogspot.com/-QdA9Zo75gB4/TsofGhK1QEI/AAAAAAAACSU/yGEQFyLXZT0/s320/ccc189.jpeg]
       Now ψ1p2 is the flux linkages of conductor 1 due to current is equal to flux produced by I2 between the point P and conductor 1. Again flux beyond P is neglected
[image: http://1.bp.blogspot.com/-VdqtfFXBKXY/Tsoj_lIaKHI/AAAAAAAACSc/qWZwjAawnPo/s1600/ccc190.jpeg]
       Similarly the flux linkages ψ1p with conductor 1 due to all the conductors in the group but the flux beyond point P is neglected.
[image: http://1.bp.blogspot.com/-ttI7-oO4e0o/TsokOLEOF-I/AAAAAAAACSk/6r8E1RT8o5o/s1600/ccc191.jpeg]
       By expanding the logarithmic terms and rearranging the terms
[image: http://3.bp.blogspot.com/-vR9N-MzyyYc/TsokUjOGXlI/AAAAAAAACSs/e9vhLEKO8Iw/s1600/ccc192.jpeg]
       The sum of all currents is zero.
[image: http://1.bp.blogspot.com/-EXKR3R_2QuM/TsokbSsr_4I/AAAAAAAACS0/ZQIkbEbyZQM/s1600/ccc193.jpeg]
       Substituting this value in above equation
       If point P is at infinite distance so that ln (D1p/Dnp) ln (D2p/Dnp) etc will approach to zero (since ln 1 = 0) then we have,
[image: http://3.bp.blogspot.com/-4HFaGTRBqZ8/TsolDdmvQSI/AAAAAAAACS8/VRn5eai6_K8/s1600/ccc195.jpeg]
       All the flux linkages of conductor 1 are included in the above derivation. The above expression is valid only only if sum of the currents is zero.
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Q.1 Distinguishes between a feeder and distributor. Draw single line diagram representing element of transmission system.
Feeder is a line which supplies a point of distribution network without being tapped at any intermediate points. In simple term, the feeder may be defined as the line carrying current from the secondary substation to the distribution substation or as a primary distribution line.
Distributor is a line from which tapping are taken along its length for providing supply to the consumer.

[image: Image result for single line diagram]
Or
Q.1 The cost per km for each of the copper conductor of a section a  for a transmission line is Rs (2800 a + 1300).the load factor of the load current is 80% and the load  factor of the losses is 65%.the interest and depreciation is 10% and the cost of energy is 50 paisa per kwh. find the most economical current density for the transmission line by the use of kelvin’s law.
[image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_4.jpg]
ohm-m 
Q.2 A 50 km long transmission line supplies a load of 5MVA at 0.8pf lagging at 33KV.the efficiency of transmission is 90%. Calculate the volume of conductor required for the line when
(a) Single-phase two wire system used
(b) three-phase three wire system is used
[image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_5.jpg]
Or 
Q.2 Proves that the volume of conductor required in a transmission system is inversely proportional to square of voltage as well as power factor.
Let P = power transmitted in watts 
V = line voltage in volts 
cos φ = power factor of the load
 l = length of the line in metres 
R = resistance per conductor in ohms 
ρ = resistivity of conductor material in ohms metre
 a = area of X-section of conductor in sq. metres
[image: ]
Q.3 Explains the necessity and method of preparing “stringing charts” for overhead transmission line.
Stringing chart is basically a graph between Sag, Tension with Temperature. As we want low Tension and minimum sag in our conductor but that is not possible as sag is inversely proportional to tension. It is because low sag means a tight wire and high tension whereas a low tension means a loose wire and increased sag. Therefore, we make compromise between two but if the case of temperature is considered and we draw graph then that graph is called Stringing chart.
[image: https://qph.fs.quoracdn.net/main-qimg-885e2bf8187b97bd60e5cefb88946404-c]
Or 
Q.3 A transmission line has a span of 150m between level supports. The cross sectional area of the conductor is 1.25  and weight 1 kg/m. The breaking stress is 4,200Kg/. Calculate the maximum  sag for safety factor of 4.assume a maximum wind pressure of 100kg/ of projected surface. [image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_6.jpg][image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_7.jpg]

Q.4 Find the loop inductance and reactance per km of single-phase overhead line consisting of two conductors, each 1.25 cm diameter. The spacing between conductors is 1m and frequency is 50HZ.[image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_8.jpg][image: C:\Users\Welcome\Downloads\New Doc 2018-09-10 21.37.59_9.jpg]
Or 
Q.4  Derive an expression for inductance of a single phase two wire line.
Consider a single phase line consisting of two parallel conductors. These conductors are forming a rectangular loop of one turn. These conductors are solid conductors of radius r1 and r2 respectively. One conductor is forming a return circuit for the other. The two conductors are carrying currents I1 and I2respectively.
       In a single phase circuit we have 
                  I1 + I2 = 0
...               I2 = - I1
       Here we are neglecting the effect of earth's presence of magnetic field geometry as earth's relative permeability is same as that of air and its conductivity is relatively small.
       The arrangement of the conductors and variation of flux density due to each conductor is shown in the Fig. 1 and Fig. 2 respcetively.
	[image: http://3.bp.blogspot.com/-cXbvM2L8Kug/TsmVF-8m54I/AAAAAAAACSE/eSZzkUnKO1o/s1600/ccc181.jpeg]

	Fig. 1  and Fig. 2


[bookmark: _GoBack]       In the beginning, let us consider only the flux linkages of the circuit caused by the current in conductor 1. The flux line set up by the current flowing in conductor 1 at a distance equal to or greater than D+ r2 from the centre of conductor 1 does not link the circuit and hence is not responsible for inducing and voltage in the circuit. This is because conductor 2 carries current which is equal and opposite to that in conductor 1.
       The external flux from r1 to D - r2 links all the current I1 in conductor 1. Over the surface of conductor 2 i.e. between (D - r2) and (D + r2), the external flux links a current whose magnitude is progressively reduces from I1 to zero because of negative current in conductor 2.
       The total inductance of the current carrying in conductor 1 can be calculated by assuming that D is much greater than r1 and r2. Under this condition it can be assumed that flux from (D - r2) to the centre of conductor 2 links I1 current and flux from the centre of conductor 2 to (D + r2) links zero current.
       The inductance due to current in conductor 1 can be calculated by using the relation,
[image: http://4.bp.blogspot.com/-GGV8XEWiWzI/TsmSiTkZlUI/AAAAAAAACRU/y-rxmmHpRPY/s320/ccc182.jpeg]
       This expression is valid for external flux only. For internal flux we have 
[image: http://1.bp.blogspot.com/-K4jM9wWBRo8/TsmSp0ak96I/AAAAAAAACRc/z8ucud7e9Jk/s1600/ccc183.jpeg]
       The total inductance of the circuit due to current in conductor 1 only is,
[image: http://1.bp.blogspot.com/-13yrbkLC_o4/TsmSwpX1FwI/AAAAAAAACRk/FQQcCfhz9IY/s1600/ccc184.jpeg]
        The above equation can conveniently be written as,
[image: http://3.bp.blogspot.com/-YUViNfYTbHM/TsmS6jxKBZI/AAAAAAAACRs/VpsQVyx9DY8/s1600/ccc185.jpeg]
       The radius r1' is that of an imaginary or fictitious conductor assumed to have no internal flux. The quantity ε-1/4 equals to 0.7778.
       The value of inductance given by equation (2) is same as that given by equation (1). The difference is that equation (2) omits the term on account of internal flux. But it is compensated by adjusted value of radius of conductor.
       The above equation is derived by considering solid round conductors. Equation II is algebraic manipulation of equation (1). Hence the multiplying factor of 0.7778 is applicable only to solid round conductors in order to account for internal flux.
       The conductor 2 carries current in opposite direction to that in conductor 1. The flux linkages produced by current in conductor 2 considered alone are in the same direction as those produced by current in conductor 1.
       The resultant flux for the two conductors is determined by sum of mmfs of the two conductors. If permeability is assumed to be constant then the flux linkages and inductances of the two conductors calculated separately may be added.
       The inductance of conductor 2 in comparison with equation (2) can be written as, 
[image: http://4.bp.blogspot.com/-cb0PapPup6I/TsmUpc0H_fI/AAAAAAAACR0/_FvzLQHoqQY/s1600/ccc186.jpeg]
        For the total circuit 
[image: http://4.bp.blogspot.com/-LT6pjoC4N5k/TsmUxlPHuyI/AAAAAAAACR8/P-WGG9DvBDM/s320/ccc187.jpeg]

       The above equation gives the inductance of two wire single phase line taking into consideration the flux linkages caused by current in both the conductors.
       The value of inductance obtained is the inductance per loop meter or per loop mile. The inductance given by equation (2) is one half of the total inductance of single phase line and is called inductance per conductor.
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In case of any transmission line there is a specific limit fixed for the voltage to be employed,
‘beyond which nothing is gained economically. The limit reaches when the cost of conductor, insula-
tor, supports, transformer, switchgear lighting arrestors and the erection cost is *minimum”.
The economical transmission voltage (assuming power to be transmitted, generation voltage
- and length of transmission are known) is found as follows :
We tentatively choose a standard voltage of transmission and work out the following costs :
() Transformers, at the generating and receiving ends.
‘Switchgear (consisting of solators, bus-bars, circuit breakers, relays etc.).
Lightning arrestors.

(@) Insulators.

(u) Supports (including the X-arms and other fittings).

(vi) Conductor cost.

The total sum of all the costs gives the total capital
cost of transmission for the voltage considered. Similar cal-
culations are made for various standard voltages. Then a
curve is drawn for total cost of transmission against the
transmission voltage, as shown in Fig. 11.27. The lowest
point A on the curve represent optimum voltage to be cho-
sen (As a rough guide the working voltage may be taken as
0.6 kV per km, this figure in practice varies from 0.4 to
0.9). Practically, itis not possible to determine the economic
voltage by the use of this method, Hence, to avoid compli-
cations and labour, the following empirical formulae are
used :
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Solutlon : Capital cost (variable) of cable = Rs 20,0004 per km length,
Annual charges on account of interest and depreciation on variable
cost of cable,

P,a =Rs 20,000a x I% = Rs 2,400a per km length

Resistance of each conductor of cross sectional area a cm?,
0.173Q

Current in each conductor,

R=

per km length

[ = Power supplied in kW _ 1,500
V3 x line voltage inkV x pf 3 x11x08
' £98.412 A

Total power loss in all the three conductors for length of 1 km,
W = 31%K = 3 x (98.412)? x % - Si’%?ﬂ_ watts

Energy loss per annum
=W in kW x working hours/annum

5,026.47 12,064
== 30 = =BErE
Zx 10 x 300 x 8 . kV_Yh

Annual cost of energy loss,
-

12,064 _ 241.28
a

P .

-2 ~Rs0.02 x ,
a a’

For most economical cross section of conductor,

2d00a= 2128

’241.28
or a= m =0.317 cm

and diameter of conductor,

4= Ji‘i & JM =0635cm - a= Tq? Ans.
n n 4

Cmt_xt density,

98.412
0.317

8= -‘II= = 310.4 A/cm? Ans.
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Max. voltage between conductors = V,,
Power to be transmiitted = P
Load curent, 1, = P/,
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Max. voltage between conductors = 2V,
RM.S.value of voltage between conductors = 2V,, / 3 =2V,

If the p.f of the load is cos @, then,

P
Load cument s =
Let ag be the area of X-section of each outer conductor.

Line losses, W = 2/ Ry

(o]
V2, cos 9
Pl

a5 V,2 cos” §

Pl

WV, cos’ ¢

Area of X-section, g

‘Assuming the area of X-section of neutral wire to be half that of the outer wire,

Volume of conductor material required

Plpl 2.5P*p 2
= % =
25a,1= Zs(wv,jcos o) WVEcoss ¢
_ 25 Ppr
"~ cos’ W wv?
5K
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Solution : Difference in level between the two supports,
' =80-50=30m"

Distance of lowest point of conductor O from the support at
low level

L Th _ 300 2,000x30
X=— - — = — = — = _
2 T WL T 2 08aaxagp - ood67m
The negative value of x shows that support A is on the same side
of O as support B (Fig. 2.23)
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Distance of midpoint P from O

L
L =5 -x= 3%0 _ (-86.967) = 236.967 metres

Distance of point B from O
=L - x =300 + 86.967 = 386.967 metres
Height of midpoint P above O,

2
(L)
o 2 _ 0.844 % (236.967) — 11.848 m
mid 2T 2x2,000

Height of point B from O,

2
wx (L-x)? _ 0.844x(386.967) _
S, = — 571 T 2x200 - 31.596 m

Hence mid point P is (31.596 — 11.848) i.e., 19.748 metres below

* point B or (80— 19.748) ie. 60252 m above the water leve] Aq
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annual charges on account of interest and depreciation on variable
cost of wansmission line,

10
—Rs 2
Paa= Rs 2.800a x 7—= 100

=Rs 280z per conductor per kin length

- Resistance of each conductor of cross-sectional area a cmz,

8
M = __0‘178 Q per km length

ax107™? a

R =

Tf1 is the current in amperes in each conductor, then power losses
in each conductor for a length of 1 km,

=FR= QU_SI_ watts
a

Energy loss per annum per conductor for a length of 1 km,
=W in KW x load factor of losses x 8,760 kWh

oo 12 = =272
_DIBT X 0.65x8,760 _ 1.0135321" 1ywp
a 1,000 a
Annnal cost of energy loss for a length of 1 km,

P, - 2 - 2
23 _Rs 50 - 10135321 _ Rs 0.5067661

a 100 a a
For most economical cross section of conductor,

P =Pyla
O 7067661~ 1 280 )
ie, 280pg= Zo—— - = =235 A/cm
o 0.506766

ie., most economical current density for the transmission line,

0= 1. 23.5 Ajcm> Ams.
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Solution : Power transmitted, P = § x 0.8 MW or 4x 108w
Transmission efficiency, n = 90%

Line losses, W = 10 per cent of power transmitted

- 10 6 = 5
= 100 —X4x10°=4x10° W
(a) Single-Phase Two-Wire System
6
Load current, I, = RVa X0 S152A
Vo 33x10°

Line loss, W = 2112R1 . 21,2 X P 4
a

2% (151.52)% x 2.85 x10™% x 50 x 1,000

or 4x10° =
q
2% (151.52)% x 2.85x 1078 x 50 x 1,000
or al e

4x10°
=1.636x10%m

Volume of conductor required,
=2a,l =2 x 1.636 x 10~ x 50 x 1,000

=16.36 m> Ans.
(b) Three-Phase Three-Wire System

6
MVA x10® __ 5x10

MYARZT o =8748A
J3xV, J3 x 33 x1,000

Load current, I

Line loss, W = 3I§R» =3xl§ xp—’—
“ @

Ix1dxpx!

or a, =
-~ w |
Ix (87.48)% x 2.85 x 10" x 50.000
P S b AR

4 x10*
= 0818 x 104 m?

of conductor required,
vy =3a,l=3 x 0.818 x 50,000 = 12.27 m*

r— 23. L aleaen £ ravs areP
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Solution : Span length, L = 150 m

IOO

Weight of conductor per metre length, w, = 759 =1.0kg

Conductor diameter,

_ cross - sectional area 1.25x 4
= \’ /2 -V x = 1.2616 cm
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Wind force per metre length of conductor,
w, = Wind pressure x conductor diameter
= 100 x 12616 x 107 = 1.2616 kg
Resultant force per metre length,

wo= gl +wd = 107 +12616° =161 ke

Working tension,

T = o, L° . g= m\,—L"
88 - ST
; L61x 150 204
S — e SR AR — ‘. o
Ixas - LiMke

Breaking stress X area of cross section

Factor of safety= = ‘
Working tension, T

_ 4220x1.25
1294

=4 Ans.
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Solution : Conductor of radius, r = 1322 cm = 0.625 cm

Spacing of conductors, d = 1 m = 100 cm
Geometric mean radius (GMR) of conductor:
r'=0.7788 r = 0.7788 x 0.625 = 0.48675 cm
Loop inductance per km of a single phase line

L =04 log, d
e 77 mH Refer to Eq. 5.9

=04 loge '& =2
0.48675 13 mH Ans.
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Reactance of transmission line,
X, = 2mfl. = 210 x 50 x 2,13 % 1077 = 0.66% L/km Ans.
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Let us consider i = r, 6-!/4 then we have

- ZxIO"’ln[

L o= 210
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1 we have A=y

Total inductance, L = umm[,
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