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Abstract 

Purpose – The paper discusses problem of power and energy losses in double circuit overhead transmission line. It was observed 

from energy meters readings, that in such line an active power losses can be measured as ‘negative’. The ‘negative’ active power 

losses appears when the active power injected to the circuit is lower than the active power received at the circuit end. The purpose 

of this paper is to explain this phenomenon.  

Design/methodology/approach – There are presented theoretical considerations based on mathematical model of the 

transmission line of -type confirming that effect. There are calculated power losses related to series impedance of the line and 

to shunt admittance. The theoretical considerations are confirmed by measurements done on the real transmission line.   

Findings – The calculations allow to indicate components of the active power losses, i.e. related to electromagnetic coupling 

among wires of a given circuit, related to electromagnetic coupling between circuits, and related to shunt capacitance 

asymmetry. The authors indicate influence of the line/wires geometry on the active power losses in a double circuit overhead 

transmission line. 

Originality/value –Explanation of the effect of ‘negative’ active power losses measurement in double circuit overhead 

transmission line. 

Keywords – Transmission lines, power losses, power and energy measurement. 

Paper type – Research paper 

I. INTRODUCTION

Double circuit high voltage overhead transmission lines are characterized by interesting phenomenon related to power and 

energy measurement. Energy and power flow in such transmission lines can show ‘negative’ losses while comparing power or 

energy at the both ends of the line’s circuits. The ‘negative’ power losses mean here state in which power injected to the circuit 

is lower than power at the receiving end. Of course when the both circuits operate in parallel the total amount of power at the 

receiving node is always lower that at the injection node. 

The problem discussed in the paper is important when the transmission line operates as interconnector between two 

countries and when the line at some length is multi-circuit and next split and connect to the two various power systems (related 

to energy buying/selling). The paper explains the “negative losses” phenomenon and shows some factors influencing the 

effect. 

The paper considers the double circuit 400 kV transmission line of length 164 km, which connects the Western and Central 

European electricity network (ENTSO-E) with the Baltic States networks via back to back (BtB) converter station Robak and 

Wasilewski (2012). Each circuit is equipped with two shunt reactors SRA and SRB located at both ends of the line (substation A 

and substation B). The shunt reactors of rating 50 Mvar at substation A, and 72 Mvar at substation B are designed to provide 

line reactive power (charging power) compensation Klucznik et al. (2015), Lubosny et al. (2015), Klucznik et al. (2014). The 

transmission line connection diagram is shown in Fig. 1. 

The calculations were done analytically and with use of DIgSILENT PowerFactory® software. The transmission line is 

modelled as three π-sections connected in series. Each section, of length equal to 1/3 of the total line length, is represented by 

two three-phase, coupled circuits with overhead earth wires. The line is transposed to limit its asymmetry, i.e. phase wire 

sequence changes for each section. The line model includes electromagnetic couplings as well as capacitive couplings between 

circuits Greenwood (1991). The line parameters are calculated directly from the transmission tower geometry and the 

conductors data sheets Gonen (2014). 

Fig.1. Schematic diagram of the Elk Bis – Alytus double-circuit 400 kV overhead transmission line. 
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Fig.2. Alytus BtB substation characteristics. 

BtB station of rated power 500 MW, located in Lithuania in Alytus, is characterized by operating area as presented in Fig. 2. 

The operating area is limited by reactive power Qupperlimit and Qlowerlimit that are resulted from the power electronics converter 

operation. In power operation range -50÷50 MW the characteristics are discontinuous, because transfer of active power below 

10% of the nominal converter capacity is not possible. 

At the Polish side of the converter substation there are located three reactive power sources (Fig. 6): capacitor bank C1 (48 

Mvar) and two filters F1 (72 Mvar), F2 (72 Mvar). Their operation (on/off state) depends on the active power flow. For active 

power flow below 105 MW only one filter (F1) is switched on. When the transmitted power is higher than 105 MW the BtB 

substation operates with two filters (F1, F2) switched on, while for active power exceeding 380 MW the additional capacitor bank 

(C1) is switched on. 

The paper contains theoretical considerations related to the discussed phenomenon. Furthermore there are presented results of 

measurements carried out in the real transmission line. The measurement results are compared to the results of calculation 

performed with the use of mathematical model of the line and are discussed. 

 

II. POWER LOSSES IN DOUBLE CIRCUIT TRANSMISSION LINE 

 

Let’s consider three phase double circuit (with six phase wires and two overhead ground wires) transmission line. Power 

flow at the line ‘from’ bus for each phase is equal to 

𝑆𝑓𝑟𝑜𝑚,𝑖 = 𝑉𝑓𝑟𝑜𝑚,𝑖 ∙ 𝐼𝑓𝑟𝑜𝑚,𝑖
∗             (1) 

while power flow at the line ‘end’ bus at each phase is equal to 

𝑆𝑒𝑛𝑑,𝑖 = 𝑉𝑒𝑛𝑑,𝑖 ∙ 𝐼𝑒𝑛𝑑,𝑖
∗              (2) 

where 𝑉𝑓𝑟𝑜𝑚,𝑖, 𝑉𝑒𝑛𝑑,𝑖, 𝐼𝑓𝑟𝑜𝑚,𝑖
∗ , 𝐼𝑒𝑛𝑑,𝑖

∗  are respectively i-th phase voltages and i-th conjugate of currents at ‘from’ and ‘end’ bus.  

Z
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Fig.3. -type model of the transmission line. 

Assuming the -type model of the transmission line (Fig. 3), i.e. mathematical model comprises series impedances Z and 

shunt admittances Y/2  ‘located’ at both ends of the series impedance Z, the currents (in form of vectors) flowing in series 

impedance are related to the ‘from’ and ‘end’ bus currents as follows 

𝑰𝑍 = 𝑰𝑓𝑟𝑜𝑚 − 𝑰𝑌𝑓𝑟𝑜𝑚 = 𝑰𝑒𝑛𝑑 + 𝑰𝑌𝑒𝑛𝑑           (3) 

The line power losses S is such circuit can be split into losses related to series impedance Z and to shunt admittance Y  

∆𝑆 = ∆𝑆𝑍 + ∆𝑆𝑌             (4) 

Power losses related to series impedance SZ, can be calculated as follows.  

For the considered system the voltage drop across the each phase wire is equal to 

∆𝑽 = 𝒁𝑰𝒁              (5) 

 

where: ∆𝑽 = [∆𝑉1 ∆𝑉2 ∆𝑉3 ∆𝑉4 ∆𝑉5 ∆𝑉6]𝑇 - vector of phase wires voltage drops 
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𝑰𝑍 = [𝐼1 𝐼2 𝐼3 𝐼4 𝐼5 𝐼6]𝑇   - vector of phase wires currents, 

𝒁 = [

𝑍11 ⋯ 𝑍16

⋮ ⋱ ⋮
𝑍61 ⋯ 𝑍66

]     – matrix of self and mutual impedances 

Ground wires are included indirectly in matrix Z. Matrix Z is the reduced form of the multi-conductor system, where the 

ground wires are eliminated (using Kron reduction) leaving only the six phase conductors.  

The phase wire voltage drop V is also equal to 

∆𝑽 = 𝑽𝑓𝑟𝑜𝑚 − 𝑽𝑒𝑛𝑑            (6) 

Power losses on series impedance of the line in the each wire are then equal to 

∆𝑆𝑍,𝑖 = ∆𝑉𝑖 ∙ 𝐼𝒊
∗             (7) 

The total power losses in circuit I, i.e. in wires 1, 2, 3, assuming that Z13 = Z31, Z23 = Z32 , Z12 = Z21 are equal to 

∆𝑆𝑍𝐼 = 𝐼1𝐼1
∗𝑍11 + 𝐼2𝐼2

∗𝑍22 + 𝐼3𝐼3
∗𝑍33 + (𝐼2𝐼1

∗ + 𝐼1𝐼2
∗)𝑍12 + (𝐼3𝐼1

∗ + 𝐼1𝐼3
∗)𝑍13 + (𝐼3𝐼2

∗ + 𝐼2𝐼3
∗)𝑍23 +   

+𝐼1
∗(𝐼4𝑍14 + 𝐼5𝑍15 + 𝐼6𝑍16) + 𝐼2

∗(𝐼4𝑍24 + 𝐼5𝑍25 + 𝐼6𝑍26) + 𝐼3
∗(𝐼4𝑍34 + 𝐼5𝑍35 + 𝐼6𝑍36)     (8) 

while the total power losses in circuit II, i.e. in wires 4, 5, 6, assuming that Z45 = Z54, Z46 = Z64 , Z56 = Z65 are equal to 

∆𝑆𝑍𝐼𝐼 = 𝐼4𝐼4
∗𝑍44 + 𝐼5𝐼5

∗𝑍55 + 𝐼6𝐼6
∗𝑍66 + (𝐼5𝐼4

∗ + 𝐼4𝐼5
∗)𝑍45 + (𝐼6𝐼4

∗ + 𝐼4𝐼6
∗)𝑍46 + (𝐼6𝐼5

∗ + 𝐼5𝐼6
∗)𝑍56 +  

+𝐼4
∗(𝐼1𝑍41 + 𝐼2𝑍42 + 𝐼3𝑍43) + 𝐼5

∗(𝐼1𝑍51 + 𝐼2𝑍52 + 𝐼3𝑍53) + 𝐼6
∗(𝐼1𝑍61 + 𝐼2𝑍62 + 𝐼3𝑍63)     (9) 

Next, assuming that currents in the both circuits are symmetrical (RMS current is equal to I), i.e.  

𝐼1 = 𝐼4 = 𝐼  

𝐼2 = 𝐼5 = 𝐼 ∙ 𝑎2                         (10) 

𝐼3 = 𝐼6 = 𝐼 ∙ 𝑎  

where 𝑎 = 𝑒𝑗120° = −
1

2
+ 𝑗

√3

2
 , and 𝑎2 = 𝑒𝑗240° = −

1

2
− 𝑗

√3

2
 are operators of rotation, equations (7) and (8) take a form 

∆𝑆𝑍𝐼 = 𝐼2 ((𝑍11 + 𝑍22 + 𝑍33 − 𝑍12 − 𝑍13 − 𝑍23) + (𝑍14 + 𝑎2𝑍15 + 𝑎𝑍16 + 𝑎𝑍24 + 𝑍25 + 𝑎2𝑍26 + 𝑎2𝑍34 + 𝑎𝑍35 + 𝑍36)) 

                         (11) 

∆𝑆𝑍𝐼𝐼 = 𝐼2 ((𝑍44 + 𝑍55 + 𝑍66 − 𝑍45 − 𝑍46 − 𝑍56) + (𝑍41 + 𝑎2𝑍42 + 𝑎𝑍43 + 𝑎𝑍51 + 𝑍52 + 𝑎2𝑍53 + 𝑎2𝑍61 + 𝑎𝑍62 + 𝑍63))

                         (12) 

The first component in equations (11) and (12) is a measure of power loses resulted from electromagnetic coupling among 

wires of a given circuit. For example, assuming single circuit (e.g. circuit I) with full symmetry, i.e. Z11 = Z22 = Z33 = Zo and Z12 

= Z13 = Z23 = Zm the circuit power losses are equal to S = 3I2(Zo - Zm) where impedance Zo - Zm is known as positive sequence 

impedance of the line. 

Coming back to the double circuit line one can say that the second component in equations (11) and (12) is some measure of 

electromagnetic couplings between the circuits.  

The influence of the both components on the power losses is presented in Fig. 4. The active power losses related to series 

impedance Z are marked as PZI = Re(SZI), PZII = Re(SZII). Their components related to electromagnetic couplings among 

wires in a given circuit (the first component in equations (11) and (12)) are marked as PZIa, PZIIa while components related to 

electromagnetic couplings between circuits (the second component in equations (11) and (12)) are marked as PZIb, PZIIb. One 

can see here that the losses increase when the power transfer increases (they are related to the current square). But additionally 

one can notice that the losses value PZI and PZII in the both circuits differs. The difference reaches almost 2 MW (about 40%) 

for power transfer equal to 500 MW. One can notice here also that the power losses component related to electromagnetic 

couplings in the circuit for both circuits PZIa, PZIIa are the same, while the losses component related to couplings between 

circuits PZIb, PZIIb have various signs, i.e. are positive for circuit I and negative for circuit II. This shows direction of energy 

flow between circuits, and at the same time explain difference in the power losses PZI, PZII in the both circuits. 
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Fig.4. Power losses related to series element (impedance Z) of the transmission line as function of transferred power. 

The second component of the transmission line power losses in equations (11) and (12) is related to shunt admittance SY. The 

losses are related to shunt conductance (mainly the corona effect) and to shunt capacitance. The power losses on each (i-th) 

wire, are equal to  

∆𝑆𝑌,𝑖 = ∆𝑆𝑌𝑓𝑟𝑜𝑚,𝑖 + ∆𝑆𝑌𝑒𝑛𝑑,𝑖 = 𝑉𝑓𝑟𝑜𝑚,𝑖 ∙ 𝐼𝑌𝑓𝑟𝑜𝑚,𝑖
∗ + 𝑉𝑒𝑛𝑑,𝑖 ∙ 𝐼𝐵𝑒𝑛𝑑,𝑖

∗                    (13) 

where  𝐼𝑌 𝑓𝑟𝑜𝑚,𝑖
∗  and 𝐼𝑌 𝑒𝑛𝑑,𝑖

∗  are shunt conjugate of currents at the both line ends. The currents, in form of vector, are calculated 

as follows: 

𝑰𝑌𝑓𝑟𝑜𝑚 =
1

2
𝒀 ∙ 𝑽𝑓𝑟𝑜𝑚                        (14) 

𝑰𝑌𝑒𝑛𝑑 =
1

2
𝒀 ∙ 𝑽𝑒𝑛𝑑                        (15) 

where:  

𝒀 = [

𝑌11 ⋯ 𝑌16

⋮ ⋱ ⋮
𝑌61 ⋯ 𝑌66

] = [
𝐺11 + 𝑗𝐵11 ⋯ 𝐺16 + 𝑗𝐵16

⋮ ⋱ ⋮
𝐺61 + 𝑗𝐵61 ⋯ 𝐺66 + 𝑗𝐵66

]   – matrix of self and mutual admittances. 

Assuming full voltage symmetry at the beginning of the transmission line: 

𝑉𝑓𝑟𝑜𝑚,1 = 𝑉𝑓𝑟𝑜𝑚,4 = 𝑉𝑓𝑟𝑜𝑚 

𝑉𝑓𝑟𝑜𝑚,2 = 𝑉𝑓𝑟𝑜𝑚,5 = 𝑉𝑓𝑟𝑜𝑚 ∙ 𝑎2                       (16) 

𝑉𝑓𝑟𝑜𝑚,3 = 𝑉𝑓𝑟𝑜𝑚,6 = 𝑉𝑓𝑟𝑜𝑚 ∙ 𝑎 

and for simplicity neglecting conductances Gij, the shunt current for the wire 1 of circuit I at ‘from’ bus (as example) is equal 

to 

𝐼𝑌𝑓𝑟𝑜𝑚,1 = (𝑉𝑓𝑟𝑜𝑚,1𝐵11 − 𝑉𝑓𝑟𝑜𝑚,2𝐵12 − 𝑉𝑓𝑟𝑜𝑚,3𝐵13 − 𝑉𝑓𝑟𝑜𝑚,4𝐵14 − 𝑉𝑓𝑟𝑜𝑚,5𝐵15 − 𝑉𝑓𝑟𝑜𝑚,6𝐵16)/2 = 𝑉𝑓𝑟𝑜𝑚(𝑗𝐵11 − 𝑗𝐵12𝑎2 −

𝑗𝐵13𝑎 − 𝑗𝐵14 − 𝑗𝐵15𝑎2 − 𝑗𝐵16 𝑎)/2                      (17) 

After further simplifications the equation (13) takes a form 

𝐼𝑌𝑓𝑟𝑜𝑚,1 =
√3

4
𝑉𝑓𝑟𝑜𝑚(−𝐵12 + 𝐵13 − 𝐵15 + 𝐵16) + 𝑗

1

4
𝑉𝑓𝑟𝑜𝑚(2𝐵11 + 𝐵12 + 𝐵13 − 2𝐵14+𝐵15 + 𝐵16)                (18) 

with two components: active and reactive. The shunt current active component can be positive or negative depending on 

expression (−𝐵12 + 𝐵13 − 𝐵15 + 𝐵16) sign. For most of typical transmission towers it is not equal zero. It means that for 

typical transmission line, including the one considered in the paper, a small amount of active power losses can be expected due 

to line’s capacitance asymmetry. The corresponding active power losses of the first wire 1 of circuit I is equal to: 

∆𝑃𝑌1 =
√3

4
𝑉𝑓𝑟𝑜𝑚

2 (−𝐵12 + 𝐵13 − 𝐵15 + 𝐵16)                     (19) 

Active power for other wires can be calculated in similar way. Similar equations are valid for the end bus of the line. The 

difference is related here to different voltage magnitude at the ‘end’ bus 𝑉𝑒𝑛𝑑. In fact one can expect asymmetry of the voltages 

at the ‘end’ bus as well. 

The total active power for the circuit is sum of power of individual wires. For circuit I and circuit II, with simplification that 

Vfrom  Vend it is equal to 

∆𝑃𝐵𝐼 =
√3

2
𝑉𝑓𝑟𝑜𝑚

2 (−𝐵15 + 𝐵16 + 𝐵24 − 𝐵26 − 𝐵34 + 𝐵35)                    (20) 

∆𝑃𝐵𝐼𝐼 =
√3

2
𝑉𝑓𝑟𝑜𝑚

2 (𝐵51 − 𝐵61 − 𝐵42 + 𝐵62 + 𝐵43 − 𝐵53)                    (21) 
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The active power losses in the two circuits of the transmission line are equal in value, but have an opposite sign, what is 

resulted from Bij = Bji. This means, that if the both circuits of the line are considered together, the capacitance asymmetry does 

not cause additional losses of active power, which is  consistent with the laws of physics.  

When the circuits are considered separately, additional positive or negative active power can be expected for the both 

circuits. If power/energy meters are installed separately for the both circuits (which is a common practice for cross-border 

transmission lines) their readings will show a difference in the measured active power (energy). 

The above consideration allows for calculation of power losses components for any transmission line. Figure 5 presents 

results of active power losses calculation for the considered overhead transmission line. It can be seen, that the series losses 

(repetition of Fig. 4) differs for the both circuits. They are significantly larger in circuit I than in circuit II. This means, that part 

of power (energy) flows from the circuit I to circuit II. Additionally, the shunt capacitances introduces negative power losses to 

circuit I and positive to circuit II. Total active power losses for circuit I therefore are negative, while total active power losses 

for circuit II are positive. The transmission line total losses (circuits measured together) are positive as it is expected. 

 

 
Fig 5. Active power losses for the double circuit overhead transmission line as function of transferred power. 

 

III. COMPARSION OF REAL MEASUREMENTS AND TEST RESULTS 

 

In this section reading from real meters installed in the considered transmission line are compared to results obtained from 

detailed model of part of Polish power system. Presented results are calculated by DIgSILENT PowerFactory® software. 

Figure 6 presents calculated power flows in the considered system for two study cases related to 500 MW power transfer 

through BtB substation. Case W01 is related to power transfer from Lithuania to Poland, while case W02 is related to power 

transfer in opposite direction. One can see here that in the both cases the power losses in circuit I  (defined as difference of 

sending and receiving power of the circuit) are below zero. 

 
Fig.6. Load flows in the considered system (Cases: W01 – power flow from Alytus to Elk Bis, W02 – power flow from Elk Bis to Alytus). 

The above mentioned effect is also presented in Fig. 7, which shows the calculated power losses in the both circuits as a 

function of the BtB substation active power flow. The curves are calculated for mean value of BtB reactive power presented in 
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Fig. 2. The visible curves distortion in range ±150MW are related to the filter F2 switching off for low active power transfer, as 

previously described. Transfer of active power below 10% of nominal converter capacity is not possible, therefore characteristics 

are discontinuous. 

 
Fig.7. Active power losses in line Elk Bis – Alytus as function of power transfer through Alytus BtB substation. 

Readings from metering system in substations Elk Bis and Alytus confirms above calculation results. At the same time, these 

readings cause concern for Polish and Lithuanian Transmission System Operators for the proper operation of metering systems 

and appropriate accounting of electrical energy exchange. Figure 8 presents comparison between calculated and measured values 

of the active power losses. Solid lines represent interpolation of the measurements (trend line) while the dashed lines represent 

results of calculation based on mathematical model. There is visible some correlation among the curves. The differences between 

calculated and measured values, decrease as active power transfer increases. The difference is a result of measurement error 

dependency on transferred power, caused mainly by current transformers and result also of difference in shunt conductance 

applied in the model and represented in the real system (corona effect related to voltage and weather conditions). 

In general one can say that the model and the considerations presented in Chapter II imitate reality in acceptable level and 

explain the problem of ‘negative’ losses of active power in overhead transmission line. 

 
 

Fig.8. Comparison of active power losses in line Elk Bis – Alytus (measured vs calculated) 

 

III. TRANSPOSITION AND PHASE SEQUENCE INFLUENCE ON ACTIVE POWER LOSSES 

As it was mentioned above the effect of ‘negative’ losses of active power in single circuit of double circuit transmission line is 

related to electromagnetic and capacitive couplings in the line. The circuits symmetrisation can eliminate the effect. But the phase 

wires location is designed to decrease the voltages asymmetry in the considered line, Robak and Wasilewski (2012). 

Figure 9 presents the wires location along the considered real transmission line. Letters A, B, C define phase wires. Circuit I 

contains wires located on the left side of tower, while circuit II contains wires located on the right side of the tower. Segments 

presented in the Fig. 9 are element of the line transposition.  

 
Fig. 9. Phase sequence and transpositions for transmission line Elk – Alytus (existing state). 
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The line transposition Badaway et al. (1982), Mooney (2010) is applied to minimize voltage asymmetry in the system. The 

transposition is not obligatory but it is rather related to maximum allowed by grid code level of negative sequence voltage 

introduced by the line, which is measure of asymmetry. Then in Fig. 10 there is shown influence of the considered line 

transposition on the active power losses. There is presented comparison of the losses for line transposed (existing state) and not 

transposed. One can see here that in the considered example the active power losses difference for the two cases are extremely 

low. Then one can conclude that transposition is not a key element of the line design from the viewpoint of active power 

losses. 
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Fig. 10. Active power losses for line with and without transposition. 

 

Various location of phase wires of the both circuits lead to various capacitances among wires and earth and to various 

mutual impedances among wires of various circuits. Table I presents locations of phase wires of exemplary double circuits 

transmission lines for 7 cases, named as CPS1-CPS6 and current (real line). The letters define phase counted from the tower 

bottom, beginning in Elk Bis substation. For example, for line named in Tab. I as ‘current’ the circuit I has phase wires 

sequence BAC and circuit II has CBA what is visible in Fig. 9 at Elk Bis substation. Phases B for circuit I and C for circuit II 

are located at bottom (closest to earth). 

 
Tab. I. Cases of phase wires location in overhead transmission line. 

Case of wires phase 
sequence 

Segment 1 Segment 2 Segment 3 

Circuit I Circuit II Circuit I Circuit II Circuit I Circuit II 

Current BAC CBA ACB BAC CBA ACB 

CPS1 CBA ACB BAC CBA ACB BAC 

CPS2 ACB BAC CBA ACB BAC CBA 

CPS3 BAC ACB ACB CBA CBA BAC 

CPS4 BAC BAC ACB ACB CBA CBA 

CPS5 CBA ACB CBA ACB CBA ACB 

CPS6 ACB BAC ACB BAC ACB BAC 

 

Results of the active power losses calculation for the cases from Tab. I are presented in Fig. 11. The power losses are 

presented separately for circuit I and II. One can see here that the active power losses for cases CPS1, CPS2, CPS5, CPS6 

dependence from BtB station power flow are similar to the real line case (named current). In case CPS3 the effect is opposite 

to the presented for real line and cases CPS1, CPS2, CPS5, CPS6 what means that the ‘negative’ losses of power are related to 

circuit II. Case CPS4 differs from the other because in this case the wires of circuit I and II are located symmetrically along 

tower. In this case the mutual impedances between circuits and also capacitances among wires of the both circuits are the 

same. This lead to symmetrical system which results in the same power losses in both circuits. And in it, the effect of 

‘negative’ losses does not appear.  
a)       b) 

 
Fig. 11. Active power losses for different phase sequence, a) Circuit I, b) Circuit II. 
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IV. CONCLUSIONS 

 

Negative difference between sent and received active power can be expected for single circuit of double circuits transmission 

lines. This phenomenon was observed for transmission line connecting Poland and Lithuania. The phenomenon is caused by 

asymmetry of electromagnetic and capacitive couplings between circuits.  

Phase wire sequence influences on distribution of power losses between circuits. It is possible to reduce phenomenon by proper 

selection of phase sequence. 
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