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On the Capacity Current 
in Myelinated Nerve Fibres 
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Abstract. Different equivalent circuits are presented to describe the capacity 
current, Ic, of potential-clamped Ranvier nodes. The corresponding transfer 
functions are discussed in examining the influence of the involved parameters on 
size and time course of Ic. The following results were obtained: i. The duration and 
the amplitude of Ic increased with increasing membrane capacity, ii. The amplitude 
of Ic increased with increasing gain or decreasing time constant of the clamp 
amplifier while its duration was shortened, iii. Similar effects were seen with 
decreasing resistance in series with the nodal membrane, iv. Qualitatively identical 
but stronger effects were seen with increasing bandwidth of the current measuring 
internode. Measurements were carried out under experimental conditions close to 
the calculated ones. They resembled the calculated curves satisfactorily. 

Key words: Capacity current — Nodal membrane — Potential clamp 

Introduction 

Application of sudden potential changes to potential-clamped excitable mem
branes is accompanied by membrane currents. Following the Hodgkin—Hux
ley—Frankenhaeuser formalism, they consist of a short transient (capacity) cur
rent, and longer lasting ionic currents (Hodgkin and Huxley 1952; Frankenhaeuser 
and Huxley 1964). As both components are assumed to start at the same moment, 
the onset of the early sodium current is masked by the capacitive surge. This 
complicates the effective investigation of the sodium activation and its underlying 
processes. A common way to solve these difficulties is to correct the recorded 
membrane currents for the superimposed capacity currents with corresponding 
capacity currents derived from hyperpolarizing pulses. The calculations of Ramon 
et al. (1975), however, render this procedure questionable because the membrane 
potential is not constant as long as a capacity current flows. Thus, from the practical 
point of view, it seems preferable to minimize the duration of the capacity current 
as much as possible. This intention, however, is limited by imperfections of the 
preparation, such as a resistance in series with the excitable membrane (Hodgkin et 
al. 1952); the limited frequency response of the current measuring internode 
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Fig. 1. A simplified potential clamp configuration. One Ranvier node with two adjacent internodes is 
shown. C. B, A. E: pools of the recording chamber. D: centre of the node. Filled triangles: extracellular 
electrodes. Z„,: membrane impedance including the series resistance. Z„ E : impedance of the current 
measuring internode. L/A: command signal. U, : potential response of the feedback system, -a: clamp 
amplifier. 

(Nonner et al. 1978); and technical imperfections in clamping the membrane 
(Hodgkin et ai. 1952). The aim of the present work was to analyse theoretically the 
extent to which some components of a potential clamp setup for myelinated nerve 
fibres influence the capacity current. Theoretical results were compared to current 
records derived under appropriate experimental conditions. 

Some of the preliminary results were reported elsewhere (Wiese 1982; Wiese 
et al. 1982). 

Mathematical Procedure 

When isolated myelinated nerve fibres are mounted in a recording chamber, the 
axon under investigation passes four fluid pools, commonly called C, B, A and E, 
which are connected via extracellular electrodes to the recording system (Dodge 
and Frankenhaeuser 1958; Nonner 1969; Lonsky et al. 1972). Fig. 1 shows the 
simplified setup, with the differences in specific techniques omitted. Zm denotes the 
impedance of the nodal area, including the capacity and resistance of the 
axolemma, as well as the resistance in series with it (Drouin and Neumcke 1974). 
ZDE represents the impedance of the current measuring internode between the side 
pool E and the point D inside the node under investigation (Dodge and Franken
haeuser 1958). The corresponding internodal impedance between point D and side 
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Fig. 2. Four equivalent circuit diagrams corresponding to the configuration shown in Fig. 1. Rm, Cm: 
membrane resistance and capacity, respectively. Rs: series resistance. RDE: ohmic component of ZDE. 
CE: myelin capacity of the internode in pool E. -a: ciamp amplifier. l/A, UE: input and output voltages 
of the arrangement. The notation given in 2d is valid for diagrams a, b and c correspondingly. 

pool C is neglected since some techniques allow compensation for the low-pass 
filter properties of the potential measuring pathway (Nonner 1969; Lonsky et al. 
1972). UE denotes the potential response of the feedback system to rectangular 
potential steps (UA) applied to the node, and -a represents the clamp amplifier. 
The operational calculus was used to calculate the transfer function, and f(p) is the 
Laplace transform of f(f): 

L(f(r)) = f(p) 

A. Ideal Amplifier 

(D 

In this section the clamp amplifier is assumed to be ideal. Fig. 2 shows 
4 conceivable equivalent diagrams of the experimental arrangement given in Fig. 1. 
The response to a potential step UA of amplitude U, the Laplace transform of 
which is U/p, is given by 

UE(P) = uzD 
pZ„, 

(2) 

Fig. 2a shows the "ideal" case: Zm is the combination of a capacitor without 
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dielectric loss and a parallel resistance. The impedance Z D E is reduced to its ohmic 
component. The step response of this circuit is given by 

UE{t)=-^ + ô(t) (3) 

i.e., the sum of the DC response and an impulse function at time zero. This has 
never been demonstrated experimentally (Poindessault et al. 1976). 

Extending the model by a resistance in series with the membrane (R s in Fig. 
2 b) results in an exponential decay of the capacity current: 

R T 
where fm = - s "p ; Tm = R m C m . 

K.m -t- K s 

In Fig. 2c the series resistance is neglected, but the radial capacity of the myelin 
sheath, CE, is considered (Dodge and Frankenhaeuser 1958). In this case the 
transfer function is 

where TE = - R D E C E . 

It should be mentioned that the frequency dependence of Z D E as well as the series 
resistance lead to a transfer function of identical structure. Both cases result in 
a single exponential; however, to fit the measured capacity current at least a sum of 
two exponentials is necessary (Hodgkin et al. 1952). Two exponentials can easily 
be obtained if both the series resistance and Z D E are taken into account (Fig. 2d). 
The resulting transfer function is: 

^ ) = - ^ ( 1 + ŕ m " r E / 2 Ť E
r : l r m T E / 2 t m e x p ( - ä 

B. Real Amplifier 

Another way to get a transfer function with a double exponential decay is to 
consider an amplifier of realistic specifications (Hodgkin et al. 1952). Assuming 
that the amplifier has a finite DC gain, V„, and a time constant, To, one obtains: 
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Input and output impedances are still taken as ideal. Thus, the transfer function is 
given by: 

^ ^ " p z ľ i + I v ' where k=ž3rž^: (8) 

The nomenclature is the same as in equation (2). 
The following equation is obtained in the case of Fig. 2a: 

TT Í \ Vo U 1 + pTm 

UE(P)= -TjTTr FT — , (9) 
T0Tm p p +rp + q 

(Rm + RDB)T0 + RDETm where r = —^r^, , 

Rm+RDE+Rn,Vn 
and q = — — • 

i\DE ' ( I ' m 

The second order equation that appears in the denominator of equation (9) is at 
variance with the calculations for an ideal amplifier: the polynomial can have either 
real solutions, p,, p 2 ; or complex ones, x±iy. The first case leads to 

n (,\ UV» / l l - p , r m , 
UE(t)= -TjTTf- + 7 r e x p {-Pit) 

i.e., a constant plus a sum of two exponentials. The second case leads to 

UE(t)= - - j -— j+ — + 2 — j - exp (JCÍ) sin (yr) 

- j 2 + 2 exp (xt) cos (yf) j , (9b) 

i.e., a constant plus damped oscillations. Only the numerical values of the 
parameters determine the type of solution. 

The transfer function of Fig. 2 b is of the same type; the explicit form is given 
in Appendix (part A). 

The transfer function of Fig. 2c can be obtained from that of Fig. 2d by setting 
Rs = 0. 

In the case of Fig. 2d, the resulting transfer function shows a polynomial of 
third order in the denominator, with at least one real root, p,, and either another 
two real roots, p 2, Pi, or a pair of complex conjugates, x ±iy . In the time domain 
this means that the transfer function may be the sum of a constant and three 
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exponentials (equation (10a)) or the sum of a constant, an exponential, and 
damped oscillation terms (equation (10b)): 

UE(t)= - Cn(c, + c2 exp ( - p, t) + c3 exp ( - p2t) 
+ c4 exp ( - p3i)) (10a) 

UE(t) = - c0(c5 + c6 exp ( - p,i) + c7 exp (xt) sin (yt) 
+ cH exp (xt) cos (yt)) . (10b) 

The explicit form of the coefficients is given in Appendix (part B). 

C. Broad-Banded Current Measuring Internode 

Membrane current records obtained with the setup shown in Fig. 1 suffer from 
a cut-off frequency of the current measuring internode of a few kHz only (Nonner 
et al. 1978). One way to shift this cut-off towards higher frequencies is to cut the 
internode as short as possible. Unfortunately, this causes a decrease in the current 
signal to noise ratio. Another method of increasing the corner frequency of the 
current measuring internode is to put a low-pass filter in series with the high-pass 
filter formed by the piece of internode in side pool E. This can be achieved by 
introducing an additional grounded pool E ' between pool A containing the node, 
and side pool E (Koppenhófer and Schumann 1981; Schumann and Koppenhófer 
1981; Schumann et al. 1983). Fig. 3 shows the corresponding equivalent diagram, 
which might be considered an extension of Fig. 2d. The internode in pool E ' 
influences the corresponding transfer function, because of the current flow through 
the capacitor CE . After some straightforward calculations one obtains the transfer 
function in the following form (the coefficients are given in Appendix, part C): 

uE(P)=-v„v ?f + *f + z* + \ • (11) 
p n4p + n3p + n2p + n,p + n0 

The polynomial in the denominator shows four roots. Three cases must be 
discriminated: i. all roots are real; ii. two roots are real, and the others are complex 
conjugates; iii. the roots are two pairs of complex conjugates. Using passive 
standard data for myelinated nerve fibres (Stämpfli and Hille 1976), and specific 
values of the chosen experimental setup, one can show that in practice only two real 
and a pair of complex conjugate roots really exist. Only this case is therefore 
analysed. 

Let p, and p2 be the real roots, and x and y the real and imaginary parts of the 
complex ones, respectively; then the denominator of equation (11) can be 
expressed by 

((p-x)2 + y2)(p-Pl)(p-p2). (12) 
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Fig. 3. Equivalent circuit diagram corresponding to the configuration of Fig. 1 with an additional 
grounded side pool E' between pools A and E. G: midpoint of the internode underneeth the vaseline 
seal between E and E'. RDO, RGE: axoplasmic resistances in pools E' and E. CE : myelin capacity of the 
internode in pool E'. The remaining symbols are used as in Fig. 2. 

After a partial fraction expansion the inverse Laplace transformations can be 
derived. The resulting transfer function is: 

UE(t)= - k„(k, + k2 exp (~Pit) + k3 exp ( -p 2 i ) 
+ k4 exp ( - xt) sin (yt) + ks exp ( - xt) cos (yt)) . (13) 

The coefficients are given in Appendix (part D). 
Equation (13) is again a sum of a constant and two exponentials, but with 

damped oscillation terms superimposed. 

The time course of the capacity current, as described by equations (10) and (13), 
can now be studied by numerical variation of the parameters, changing one at 
a time. The influence of the following components is analysed: 

i. The membrane capacity, Cm. 
ii. The series resistance, Rs. 

iii. Gain and time constant of the amplifier, V0 and T0. 
iv. A grounded side pool E' . 

The parameter values are varied in accordance with standard values (Stämpfli 
and Hille 1972) and those derived from the experiments we carried out to compare 
the theoretical with the experimental results. 

Experimental Methods 

experiments were carried out on single myelinated nerve fibres (diameter: 22 ± 4 fim, n =6 ) from the 
sciatic nerve of the toad Xenopus laevis. The experimental setup was an improved version of the 
Frankenhaeuser potential clamp system (Dodge and Frankenhaeuser 1958), which enabled compensa
tion of the ohmic component of the nodal series resistance by positive feedback (Koppenhófer and 
Schumann 1979). The compensation was set to shift the maximum value of the peak sodium 
current-voltage relation to zero membrane potential (Ramon et al. 1975). Furthermore, the recording 
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Fig. 4. Calculated capacity currents. Curves calculated with equations (10). A: influence of Cm, solid 
line: C m =1.5pF, dashed line: Cm = 3.0pF. B: influence of T„, solid line: T„ = 1.0^s, dashed line: 
T„ = 3 .0 (JS . 

chamber contained an additional side pool E ' that could be connected either to ground, or to side pool 
E at will (Koppenhófer and Schumann 1981; Schumann and Koppenhófer 1981; Schumann et al. 
1983). The latter case was assumed to correspond to conventional measuring conditions, i.e., without an 
additional pool E' between pools A and E. The fibres were mounted on the recording chamber so that 
the ratio of fibre length in pool E' to that in pool E was about 1:2. Capacity currents were elicited by 
rectangular hyperpolarizing command pulses of - 40 mV in amplitude, filtered through a low-pass, 
fourth order Bessel filter ( - 3 dB at 100 kHz) and given as output voltage of the clamp amplifier. They 
were measured under the following conditions: 

i. At maximum gain of the clamp amplifier (68 dB), or at reduced gain (65—56 dB). 
ii. Under compensated feedback (Schumann 1980) or without compensation, 

iii. With pool E' connected to ground, or to pool E. 
The node under investigation was continuously rinsed by Ringer solution containing (mmol/l): 

NaCI 112, KC1 2.5, CaCl 2.0, tris(hydroxymethyl-) aminomethane 2.5 (pH = 7.2±0.1, temperature 
15°C). Both internodes were cut close to the neighbouring nodes and immersed in a solution containing 
(mmol/I): KCI 107.5, NaCI 10.0, Tris-buffer 2.5 (pH = 7.2±0.1). 

Results 

Fig. 4 shows the calculated influence of the membrane capacity and the time 
constant of the clamp amplifier on the size and duration of the capacity current. 
When a larger membrane condensor has to be reloaded the capacity current 
becomes longer in duration and larger in amplitude (A). Decreasing the time 
constant of the amplifier, however, shortens the capacity current while its peak 
value increases (B). 

The well known effect of increasing the gain of the amplifier on the capacity 
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Fig. 5. Influence of amplifier gain on capacity currents. A: curves calculated by equations (10). Solid 
line: V„ = 54 dB, dashed line: V„ = 34 dB. B: measured currents. Pool E' connected to pool E. Upper 
trace: V„ = 56 dB, lower trace: V„ = 68 dB. 

current resembles the effect of decreasing the time constant of the amplifier. This 
holds both for the calculated curves (Fig. 5A) and for the recorded currents (Fig. 
5B); the duration is shortened while the peak value increases. With low gain 
a tendency to oscillate is detectable, both in calculated and measured curves. 

A resistance in series with a potential clamped membrane causes systematic 
deviations of the membrane potential from the command potential (Hodgkin et al. 
1952; Ramon et al. 1975; Poindessault et al. 1976; Schumann 1980; Zaciu et al. 
1981). This applies for any membrane potential change in which membrane 
currents cause a voltage drop across the series resistance Rs. In myelinated nerve 
fibres the annoying influence of R s can be reduced effectively by electronic 
compensation (Koppenhófer and Schumann 1979; Schumann 1980;Sigworth 
1980). 

Fig. 6 shows effects for myelinated fibres similar to those described for the 
unmyelinated giant axon of the squid (Hodgkin et al. 1952); the surge of capacity 
current is larger in amplitude and occupies a shorter time when compensated 
feedback is employed. The shortening, however, is barely visible, both in calculated 
and measured curves. 

The influence of the frequency response of the current measuring internode on 
the capacity currents is shown in Fig. 7. Extension of the bandwidth of the 
internode by introduction of pool E' yields a much higher peak capacity current as 
compared to conventional measuring conditions, i.e., without pool E'. The 
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Fig. 6. Influence of the series resistance, Rs, on capacity currents. A: curves calculated with equations 
(10). Solid line: Rs = 0.5 MÍ2, dashed line: R s = 1.0 Mfi. B: measured currents. Pool E' connected to 
pool E. The same fibre as in Fig. 5. Upper trace: without compensation, R s ~0 .78 MÍ2, lower trace: 
with compensated feedback, Rs<í0.78 MÍ2. 

duration of the transients is clearly shortened as well. Both effects are visible in the 
calculated curves (7A) and in the measured transients (7B). The same holds for 
a characteristic hump in the decaying part of the capacity currents (arrows in 
Fig. 7). 

Discussion 

Both the peak value and the duration of the computed capacity currents depend on 
the impedance of the current measuring internode. Changes of membrane capacity 
or amplifier specifications prove comparatively less effective. Corresponding 
measurements on nerve fibres showed similar results. This indicates that the chosen 
equivalent diagrams reflect satisfactorily the behaviour of real fibres. 

The surface area under the calculated capacitive surge increased with increa
sing membrane capacity. This finding agrees with the assumptions of Hodgkin et al. 
(1952). We calculated higher peak values of the capacitive surge with increasing 
bandwidth or with increasing open loop gain of the clamp amplifier, while both the 
initial rising phase and the decaying part of I c were shortened in either case. These 
findings are consistent with the basic principles of feedback analysis (Thomason 
1955). 

For a smaller series resistance we observed shorter capacity currents of higher 
peak values both for calculated and measured capacity currents. The same effects 
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Fig. 7. Influence of a grounded side pool E' on the capacity current. A: calculated curves. Solid line: 
with a grounded side pool E', calculated with equation (13). Dashed line: conventional measuring 
conditions, i.e., no grounded side pool E', calculated with equations (10). B: measured currents. Same 
fibre as in Fig. 5. No compensated feedback, maximal amplifier gain. Upper trace: pool E' connected to 
pool E, lower trace: pool E' connected to ground. Note the different scaling factors in B. Arrows 
indicate a characteristic hump in the decaying part of the capacity current, visible both in calculated and 
measured curves. 

have been reported for the squid giant axon (Hodgkin et al. 1952) and for 
lysolecithin-treated internodes of frog myelinated nerve fibres (Chiu and Ritchie 
1982). 

The main effects of a grounded pool E ' were a marked shortening of the 
capacity current and a spectacular increase of the peak capacity current (Kop
penhófer and Schumann 1981; Schumann and Koppenhófer 1981; Schuman et al. 
1983). 

Thus, from a practical point of view, pool E ' effectively increases the reliability 
of early ionic current measurements in Ranvier nodes, since, as a first approxima
tion, no potential clamp condition is attained as long as a capacity current is 
detectable (Ramon et al. 1975). The effect of pool E' on the early sodium currents 
has been shown elsewhere (Koppenhófer and Schumann 1981; Schumann et al. 
1983). 

As a matter of fact, we computed much shorter transients of higher amplitude 
than we measured in corresponding experiments. This might be due to the fact that 
in our experimental setup, the bandwidth of the potential recording loop was only 
four times larger than that of the current measuring loop. Thus, the experimental 
conditions were only a rough approximation of the idealized diagram shown in Fig. 
1, where the axoplasmic impedance between point D inside the node and the 
amplifier input was omitted. 

file:///j/Ar-/
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The calculations were carried out for a smaller gain setting of the clamp 
amplifier, than we were able to use in the experiments. This was necessary because 
the calculated curves showed high frequency oscillations at higher gains. It is worth 
noting that Gulíšek and Henček (1978) got similar results when they varied the 
frequency response of the clamp amplifier. In practice it seems to be impossible to 
apply ideal rectangular potential steps to point D and to obtain them undisturbed 
to the input of the amplifier. Thus, in our opinion real fibres under potential clamp 
conditions should be more stable than the diagrams shown in Fig. 2 and 3. 

Appendix 

A. The transfer function of the equivalent circuit of Fig. 2b results in: 

URDEVo \+pTm UE(p)=-

w h e r e r_(Rn, + Rs + RDB)To + (Rs + RDE + RsVo)Tm 

(Rs + RDE)T0Tm p(p2-rrp + q) ' 

D E )T 0 + (R S + R| 
(R s + RDE)T0Tm 

and 
_Rm + Rs + R D E + (RgE + R s ) Vo 

(Rs + RDE)T0Tm 

UE(t) is then given by equation (9a) or (9b). 

B. In case of the equivalent circuit of Fig. 2d the transfer function is given by : 

UVnRDE(ap2 + bp + \) 
p cp3 + dp2 + ep+f 

UE(p) = 

where a=-TETm; b=-TE+Tm; 

c — (R s + ~ RDE)T 0TmTE ; 

d = (Rm + Rs)T 0 T E + RDETnTm + RsTm(T0+ TE) 

+ 2 RDETE(T0+ Tm) + Rs V0TmTE ; 

e = (Rm + R s ) (T 0 + TE) + RsTm + RDE(T0 + Tm) 

+ 2 RoETe + RmV0TE + RSV0TE + RsV0Tm ; 

/ = Rm + Rs + R D E + (Rm + R s ) Vo . 

UE(t) is given by equation (10a) or (10b) in the text with the following constants: 
Equation (10a): 
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UV„RDE 
C" (Rs + l/2RDE)T„TmTE ' 

c - - ! l ' 
Ci — 

C2 = 

c? = 

P l ( P l - P2) (P3 - P i ) P 2 ( P l - P2) (P2 - P 3 ) P3(P2 - P 3 ) (P2 - P i ) ' 

ap]-bpi + \ 
P | ( P . - P 2 ) ( P 3 - P 1 ) ' 

ap2 — bp2 + 1 
Pi(pi-P2)(p2-Pi) ' 

ap2 — /?p3 + 1 
PÁP2-Pl)(P3~Pl)' 

Equation (10b) can be rewritten: 

UE(p) = - Co (, „ w f , _ 
(p - Pi) (P2 + r.P + a,) (p - p,) (p2 + r,p + <?,) 

+ 2+r,p + qJ (p-PÔÍP2+riP + q 

with r, = -2x, and q,=x2 + y2, and c„ as given above. A partial fraction expansion 
yields coefficients A, B, C for the first expression in the brackets, and D, E, F for 
the second and third, respectively. After some algebraic and inverse Laplace 
transformations, equation (10b) results with coefficients: 

D F 
c5 = — 1 — ; 

Pi <7, 

C(,= aA + bB ; 
Pi 

a(Bx + C) b(Ex + F) E + Fx/q, 
c7 = — H — J -H 3 - ; 

y y y 

c« = aB + bE . 
o. 

C. The coefficients of the nominator of equation (11) are: 

Z3=~z " D G IE1 m(x ^ o E c E 4- i E) ; i E = — R D O C E ' ; 

z2 = ;r RDoTm(—ROECE + TE) + 



310 Wiese and Koppenhófer 

1 1 1 
+ X RDG(~ R G E C E + TE) (TE+ Tm) + — ( R D G + RcE)TETm ; 

1 1 1 1 1 
Z i =~z ( R D G + RcE)Tm + i n B G U R G E C E + TE) + — RDG (^ RaECE + TE ) ; 

Zo =
 RDG T RGE • 

The coefficients of the denominator of equation (11) are: 

/i4 = (R s + x R D G ) (~ R G E C E + TE)ToTmTE ; 

' n3 = T o T m ( ( | R G P C H + TE) ( | R D G + R s ) + 1 ( R D G + R G E ) T E ) + 

+ (\ ROCCE + TE) ( ( | RDG + Rs) ( (T 0 + Tm)TE + T„Tm) + R^OTBJ ; 

n2 = ( R D G + RCE)T„Tm + R s T m (T„ + V0TE) + R m T 0 ( - RGECB + TE) + 

+ (\ RGECE + T E ) ( ( R S + | R D G ) T E + R m (T„+ TE)) + ( T 0 + Tm) 

( (Rs + | R D G ) ( R O E C E + TE + TE ) + 1 (RD G + RGE)TE^ ; 

nt = (T, + Ta) ( R D G + RGP + Rs) + (\ RDG + Rm + R S ) ( R G E C E + TE + TE) + 

+ | ( R D G + RGE)TE + R„ ,T„+Vo(R m T E + R s ( T m + T E ) ) ; 

n„ = (Roa + R G E ) + (Rm + Rs) (1 + V„) . 

D. The partial fraction expansion of equation (11) yields constants A,, A2, A,, B,, 
B2, B3, C,, C2, C3, and D,, D2, D3, e.g.: 

23P2 _ _ J A I P + ^ . > , C, : D, 
((p--i)2 + y2)(p-p.)(p-p2) (p-Jr)2 + y2 p-p , p-p2 

The coefficients of equation (13) are then given by: 

t, -UY2 . 
n4 

v / B3 , C3 , P 3 \ 
\x2 + y2 p, p 2 / 



Capacity Currents in Myelinated Nerve Fibres 311 

ZoC 
K2 = 

k3 = 

: Z 3 C , 

ZiD 

+ z 2 c 2 

+ Z2D2 

i-Z, 

+ z 

c 3 -

D3-

Pi 

Z o D 3 

p2 

k4= - - (z3Bi + z2B2 + ZiB3 + Z0A3-x ( z 3 A i + z 2 A 2 + Z i A 3 + 2° \ y\ \ x +y 

k, = ZiA, + z 2 A 2 + z i A 3 ° —2 . 
x +y 
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