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APPENDIX B 

The Dipole in a Homogeneous Sphere Surrounded by 

Two Concentric Shells of Different Conductivities 

An expression is desired for the surface potential due to a 

dipole located in the innermost region of the model shown in Figure 

B-1 (a). Region 1 of conductivity a 
1 

and radius r 
1 

is intended to be 

an approximation to the brain and surrounding cerebra- spinal fluid, 

while regions 2 and 3 are used to represent the skull and scalp, re-

spectively. 

In order to solve this problem, consider a dipole source as 

shown in Figure B-1 (b ). Smythe ( 
1

) has shown that the potential due 

to a dipole of moment M, located parallel to the z-axis at r = b, 

9 = 8 , cp = 0 in an infinite region of conductivity CT is given by: 
0 

where 

oo n 
<P (r, 8, cj>) = ~ ~ M r-(n+l)p m(µ)cosmcj> 
P n=O m=O 0 n 

M 
0 

M 
2 

4TTCJb 

(2- 6 ° )(n-m)! 
m bn+lp m(µ ) 

(n+m-1)! n-1 o 

M (2- o;_)(n-m)! 

= 4Trcr (n+m- 1 )! 

cos a 
0 

µ = cos e 

(B. 1) 

(B. 2) 

(B. -~) 

(B. 4) 
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BRAIN 
AND C.S.F. 

(a) 

z 

y 

(b) 

Figure B-1. (a) Concentric shell model of the head. 
(b) Orientation of dipole in equation (B. 1 ). 
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P m(µ) is the associated Legendre function of the first kind. The 
n 

argument µ. is real and in the range -1 s µ s 1 . 

As was the case in Appendix A, the first problem is to trans-

form a coordinate system with an arbitrary dipole into the form as -

sumed by the equation for the potential. 

1. Coordinate Transformation 

Consider Figure B-2. In (a) is shown an arbitrary dipole M 

with components M , M , and M . The first stage of transforma-
x y z 

tion is to rotate system (a) about the x-axis an angle a, where 

M 
TT -1 z 

M t 0 a = 2 +tan 
M • y y (B. 5) 

a. = 0 M = 0 . 
y 

This rotation (note all positive angles are measured counter-

clockwise in this section) results in system (b) where 

x' 1 0 0 x 

y' = 0 cos a sina, y (B. 6) 

z' 0 -sina. cos a. z 

i. e. • 

X' = T
1

X 

The next step is to rotate system (b) about the y' - axis an 

angle 13 , where 



z 

~•M, 
, ....... ; ...... "" 

M, +M1 -- - - --- -- ----~M -* ! ,--~ 
--------- ----..,......- I 

y 

(a) X' •X 

Z' - - ----
z•.z• 

x•' 

(c) 

* ----:: --:-----

I 
I 

I 
I 

1v• 
I 

I 

I 

I 

I 
I 
I 

I 

I 
I 
I 
I 
I 

I 

I 
I 

I 

1z 

\---n, 
/,...~,,,.-Ml 

_____ ../~--.;/ 
.... ---~ ~"" 
I I \ 
I I I 

\ I 

~ -----~------ y 
~ M,••M,, ---

(b) 

1x• (d) 

Figure B-2. Rotation of coordinate system. (a) dipole in original system, (b) system after rota­
tion an angle a. (C. C. W. ) about x- a.xis, (c) system after rotation an angle p (C. C. W. 
about y 1 -axis, (d) final system, after rotation angle'( (C. C. W.) about z 1'-a...-xis. 

N 
l.Jl 
O' 



i. e. , 

-1 
13 = tan 

13 = TT/2 

M, 
x 
~ z 
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M, z 

M I = 0 z 

0 

System (c) is thus defined, wherein 

x" cosl3 

yll = 0 

z II sin~ 

X" = 

0 

1 

0 

TX' 2 

-sin~ 

0 

cosl3 

M I -/:- 0 x 

x' 

y' 

z' 

(B. 7 ) 

(B. 8 ) 

Finally, system ( c) is rotated about the z 11 - axis an angle '{ , 

such that in the final system the cp-coordinate of the dipole is 0. 

tan 
-1 

'{ = y" Ix" x" > 0 

TT + tan 
-1 

'{ = y" Ix" x" < 0 

TT /2 x11 0 y" ;z: 0 
(B. CJ) 

'{ = = 

'{ = -TT/2 x" = 0 y" < 0 

The desired system (d) is thus achieved, wherein 

x'' ' COS'{ sin'{ 0 x11 

y'' ' = - sin'{ COS'{ 0 yll (B. 10) 

z 11 1 0 0 1 z II 

i. e. , 

x111 = T X" 3 
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And rn systen1 (d) note that 

e rr/2 - tan -1 z'" 
x''' ~ 0 = 

\x"' I ' 0 

= 0 x'" ...... o z II I > 0 (B. 11) 

= Tr XI II --+O z 111 < 0 

The complete transfer from system (a) to system (d) is 

= TX 
(B. 12) 

where T = T
3

T 2 T
1 

is: 

cosl3cos-y s ina.sinl3co s-y +co sas in-y - cosa.sinl3 cos'{+si.nasi!l'{ 

- co sl3 s in-y - s ina.sinl3 sin-y +co sc1cos-y co sas inl3 si Il'{ + s inn co s-y 

sinl3 - sinacosl3 cosacosl3 

(B. 13) 

since T is an orthogonal transformation, T- l = TT . 

2. The Surface Potential Distribution for the Concentric Shell Model 

We now return to the problem of deriving the surface potential 

for a dipole placed somewhere inside region 1 of H- 1 (a). Lei. •I' l, ,1. 
I ~J 

·~ 3 be the potential in region 1, 2., and 3: 

= 4i + ~ 
p g 

(B. 14) 
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where ~ is the dipole term given by (B. 1) and q> 1s the general so-

p g 

lution of Laplace's Equation in spherical coordinates, i. e. , 

( B. 15) 

(13. 17) 

Note that in all regions there is symmetry with respect to the x-z 

plane, due to the orientation of the dipole in the coordinate system. 

Hence, all B - 0, i = 1,2, and 3. Then let all 
mi 

A C' - c i = 1, 2, 3 
m. n. mn. 

1 1 1 

A D' - D i = 1, 2, 3 
m. n. mn. 

1 1 1 

Thus, for region l, 

( B. 18) 

(13. 20) 

but since the dipole is the only source in the region r :::;; b and there 

are no sources for b < r s r 
1 

D = 0. Hence, the forms of the 
mn1 
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solutions in each of the three regions are given by: 

( B. 2 1 ) 

~ ~ n -(n+l)J m 
~ 2 =L.J L.J [C r+D r P (µ,)cosm¢ 

n=O m=O mn2 mn2 n 
( B. 22) 

In order to evaluate the unknown coefficients C , C , 
mn

1 
mn2 

c , 
mn

3 
Dmn2 , and D , note the following boundary conditions. 

mn
3 

First, the potential must be continuous at the boundaries between re-

gions 1 and 2 and between regions 2 and 3, i.e. , 

iJil(rl,8,<j>) = ~2(rl,9,<j>) 

4> 2 (r 2' 8, cp) = ~ 3 ( r 2, 8' <I>) 

Secondly, the normal current must be continuous at these same 

boundaries, i.e., 

a~1 
(r

1
,8,cp) 

a~2 
al 8'r = 02 ar- (rl' e, cp) 

a~2 
(r

2
, 8, q,) 

8<1>3 
(r

2
, 8, cp) CJ -- = 0 3ar 2 or 

(IJ. 24) 

(B.2'1) 

(B.26) 

( H. 27) 
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Finally, the normal current at the outer surface of region 3 must be 

zero since the surrounding medium is assumed to be an insulator, 

i. e., 

(B.28) 

Evaluating these boundary conditions in terms of equations 

(B. 21 ), (B. 22 ), and (B. 23) yields: 

= -r -(n+l )M 
1 0 

cr 1 nr ~-1 Cmnl -crznr ~-1 Cmn2 +(n+l )r; (n+2 )a2Dmn2 = 

-(n+2) 
(n+ 1)a

1
M

0 
r 

1 

(B.29) 

(B. 30) 

( n. 31 ) 

cr
2
nr

2
n-lc -cr nr

2
n-lc -a

2
(n+l)r

2
-(n+Z)D +a (n+l)r

2
-(n+Z)D =- 0 

. mn
2 

3 mn
3 

mn2 3 mn
3 

(B. 32) 

nr n- l C - {n+ 1 )r -(n+Z )D = 0 
3 mn

3 
3 mn

3 
(B. 33) 

or, combining the equation into matrix form: 

AX - B 
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where 

n n 
0 

- (n+ 1) 
0 rl -rl -rl 

0 
n n - (n+ 1) -(n+ 1) 

r2 -r2 r2 -r2 

A= 
n-1 n-1 0 ( +l) -(n+2) 0 a

1
nr

1 -cr2nrl n a
2

r
1 

0 
n-1 n-1 ( -(n+2) ( +l) -(n+2) a

2
nr

2 
-cr

3
nr

2 
-0" n+l )r 0"3 n r2 2 2 

0 0 
n-1 

0 -(n+l)r -(n+2) nr 3 3 

(B.35) 

c 
mn

1 

c 
mn2 

x = c (B.36) 
mn3 

D 
mn2 

D 
mn3 

-r -(n+ 1 )M 
1 0 

0 

B = (B. 37) 

0 

0 

This system can be solved by the method of elimination to produce an 

equation of the form 
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1 

0 1 

0 0 1 x = B' (B. 38) 

0 0 0 1 

0 0 0 0 1 

where the vector B' is the transformation of the vector B realized 

by carrying out the elimination procedure on the matrix composed of 

B adjoined to A . Now the unknowns can be found by recursion. 

When this operation is carried out, the triangular matrix 

above is given by: 

1 -1 0 -rl 
- (2n+ 1) 

0 

0 1 -1 
-(2n+l) 

r2. 
-(2ntl) 

-rz 

0 0 1 0 (n+ 1) -(2ntl) 
n r3 

0 0 0 1 -Kl 

0 0 0 0 1 

(B. 39) 

where 

a a r -(2n+l) 
Kl = [( _n_ )( _2_ (n+l) + 1) + (1 - _2_ )( n+l )( -2. ) J 

2ntl Oz n Oz 2ntl r 2 
(B. 40) 
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The vector of constants, B' , becomes 

-(2n+l )M 
-r 1 o 

0 

0 
(B. 41) 

0 

-(2n+l) (2n+l) M 
0 1r1 n o 

where 

= CJ r -(2n+ 1) ( _l ) { ( n+ 1 )( ~ ) + 1} 
[ 

r -(2n+ 1) a 

1 2 r 2 n a 
1 

(B. 42) 

K3=al(1 - a2 )r -(2n+l){1 + n+l (~ )-(2n+l0 
a

1 
2 n r

2 
J (B. 43) 

Hence, since only the solution at the surface is desired, one need only 

solve for C and D and substitute into (B. 23 ). 
mn3 mn3 

Let q; s = q; 3 'r= r be the surface potential: 
3 . 

oo n 
q; (r 9 111 <!>"') = 6 0 ~ 0 MK Pm(11)cosm"'"' s 3' ' n= m= o mn n ,.. 'I' 

(B. 44) 

where 



where 

CK
1 

CKz 

CK
3 

CK
4 
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M (Z-o 
0

)(n-m}! 1 M = __ m bn- p m ( ) 
o 4lTO' 

1 
(n+m-1 )! n-1 µo 

K 
mn 

µ = cos 9 111 

µ. = cos e "' 
0 0 

= CK1 
CKz + (CK3 )(CK4 ) 

= 
r Zn+l ( 

(Zn+ I )z ( ~ ) r - n+ 1 ) 
r 1 3 

{1 oz}{ z rz Zn+l} 
= - - n + n(n+l)(-) 

0'1 , r3 

O' cr 3 rz Zn+l} { n 3 ) ( n+l = Zn+ 1 ( Oz (n+ l)+n + n 2n+ 1 )(1 - - )(-) 
oz r 3 

{ rz Zn+l cr2 OZ 
1 >} = ( - ) ( - (n+ JJ+n) + n ( - -

rl 0 1 crl 

(B. 45) 

(B. 46) 

(B.47) 

(B.48) 

(B. 4 9) 

(B. 50) 

In order to compute ~ in terms of the original coordinate sys­
s 

tern, note t hat: 

cos6 111 = T(S, <j>, a., (3) = sin9(cos<j>sin{3-s in<j>sina.cos(3)+cos9cosocosl3 

(B. 51) 
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<j> II I - P(9,<j>,a.,j3,y) 
-1 = tan y 111 /x" 1 

where, from equation (B. 12 ), 

x 111 = r 
3 

[ cosj3 cosy s in9 cos <j>-1{ s ina.sinj3 cosy +co sa.s iny )s in8 s in<j> 

+( sina.s iny - cos a.s inj3 cosy )cos 8 J 

y 111 = r 
3 

[- cosj3s iny sin 9cos <j>+ ( cosa.c osy - sina.sinj3 siny )sin8 s in<j> 

+ ( cosa.sinj3 s iny +s ina.cosy )cos e J 

(B. 52) 

(B. 53) 

( B. 54) 

3. Partial Derivatives of the Field with Respect to the Dipole Parame­

ter 

The surface potential is again a function of six parameters, i.e., 

M 

b 

e 
0 

the dipole strength 

rotations of coordinate axes 

dipole eccentricity (as a fr action of r 
3

) 

azimuth of dipole 

For the purpose of estimating these parameters by the program 

LSQENP, the partial derivatives with respect to each parameter arc 

required. 

1. 

a~ 1 00 n 
_s=--~ E 
8M 4rra

1 
n=O m=O 

(2- o 0 
)(n-m)! 

1 m bn- p m( )K 1J1n(. ') ( + l )i l µ . 1 vos 111P n m- . n- o inn n 

(B. 55) 
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a~ co n 
11. aas =Ro~ OM K [Pm(T)cosm(P)-Pm(T){msinm(P)P ; : 

m= o mn ncx. n a · ' 

(B.56) 

where 

Pm(T) = 2.._ Pm(T) 
ncx. aa. n 

__ l __ [ (n+m)Pm 
1

(T )-n TP m(T) J [- sin9sincj>cos acosl3-cos 9sinacos13 l 
= l-T2 n- n 

(B. 57) 

and 

p - 2-.p 
ex. a ex. 

= 2 l 2 [x"'YCA-y"'XCAJ 
x"' +y"' 

(B. 58) 

a 
y CA = acx. y" I = r 3 [s in9 sin<j>(- sina.cOS'{ - cos a.s in(3 siny) 

+ COS 6 (COS 0,COS'{ - sina.s in'{ sin'{)} (B. 59) 

a 
XCA = aa. x"' = r

3 
{sin9sin<j>(cosasin(3cos'{-sina.siny) 

+cos 9 (cos a.sill"{+ sina.s in(3 cosy)} (B. 60) 

111. 

a~ co n 
-d- = 6

0 
Li 

0
M K rPm(T)cosm(P)-Pm(T){msinm(P)PR.}l 

vi-' n= m= o mn n
13 

n ,._, 

:n. <iI) 

where 



- 268 -

1 m m = l-T2 [(n+m)Pn_1(T)-nTPn (T)][sin8(coscj>cosf3+sin<j>sina.sinf3) 

and 

0 
YCB = of3 y 111 

= 

-cos 9cosa.sinf3 l 

1 [x"' YCB - y"'XCB l 2 2 
x"' +y'" 

(B. 62) 

(B. 63) 

= r 
3 

[ sinf3 siny sin9cos cf>- sin9 sincj>sina.cosf3 siny +cos 9 cosacosf3 s iny} 

0 
XCB = of3 x

111 

(B. 64) 

= r 
3 

[ - sinf3cOS"'{ sin 9coscp+sin9 S incj>sinO.CO sf3 COS'(- COS 9 C0Srt.cos(3 COS'(} 

( B. 6 5) 

a~ 

iv. 
s 

&y' 
noting that only P is a function of -y , 

= (B.66) 

where 



a 
YCG = ay y'" 
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p = 2- p 
y 8y 

= ---..,....
1
--- [x"' YCG-y 111 XCGl 2 2 

x"' +y"t 
( B. 6 7) 

= r 
3 

[- cosf3cos'{ sin9coscj>- sin9 sincj>(cosa.siny +sina.sinf3cosy) 

+cos 9( cosa.sinf3 cosy- sinn.siny)} 

a 
XCG =-x1

'' ay 

= r 
3 

[ - cosf3 siny sin9 coscj>+s in9 s incj>(- sina.s inf3 s irry +co so.cosy) 

+cos e ( sina.cosy+cosa,sjnf3 sin"{)} 

a <P 
s v. -ab = 

( B. (,8) 

( B. 6 9) 

( B. 7 0) 

vi. 
8<P oo n M (2-o:)(n-m)! n-l m ae: =.Ro ~=0 4rra

1 
(n+m-1)! b Kmnpn (T)cosm(P) 

{pm 1 ( µ )( - sine ) } 
n- o o 

( B. 71) 

µo 

where 

= 1z [n µ Pm l (µ ) - (n-m)Pm(µ )1 
l-µ o n- o n o 

0 

(B. 72) 
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4. The Dipole Locat:ion 

Once an optimum solution for t he s ix parameters is obtained, 

it is necessary to transform them back i nto the orig i nal coordinate 

system. Note that the dipole as locate d in sys t em (d) of Figure B-2 

is located at (b, 9 , 0) with components M 111 = M, M 111 = M 111 = 0. 
0 z x y 

In rectangular coordinates, the dipole is of course located at 

x111 = b sin 9'" 
0 

y11f = 0 (B. 73) 

z 111 = b cos 9'" 
0 

Thus, referring to equation (B. 12) and noting that T- l the 

location of the dipole in system (a) is given by 

x b sin 9 111 
0 

y = TT 0 (B. 74) 

z b cos 8 111 
0 

and the dipole components are given by: 

p 0 
x 

p = y 
TT 0 (B. 75) 

p M 
z 



- 271 -
The errors in the six paramet ers x, y, z, P , P , and P can 

x y z 

be calculated from the errors in M, a, j3, y, b, and 8 by the relations: 
0 

6.y = 

~13{bcosj3cos9 -bsinj3cosysin9 }-6.y[bcosj3sirrysin8} 
0 0 0 

+6.b ~osj3cosysin0 +sini3cos9 } 
0 0 

+6.8 {bcosj3cos'Ycos9 -b sinj3s i n8 } 
0 0 0 

6.a {b sin9 (coscx.sinj3cosy - sina.sin"{ )- b cos e cosa.cosj3} 
0 0 

+~j3 (b sina.cosj3 cos"{ sin9 
0 

+b sinasini3 cos 8 
0

} 

+6."{ {b sin9 (cosa.cosy-sina.sinj3 siny)} 
0 

+6.b {sin9 (sinasinj3 COS"{ +cosasin"{ )- sina.cosj3cos g } 
0 0 

(B.76) 

+6.9 {b cos9 (sincr;;inj3cosy+cosa.siny )+b sina.cosj3sin9 } (B. 77) 
0 0 0 

6.z = ~a.(b sin9 (sinasinj3cosy+cosa.sil1"{ )-b case sina.cosj3} 
0 0 

+~{-bsin9 cosa.cosj3cos"{-bcos9 cosasinj3} 
0 0 

+6."{ {b sin9 (cosa.sini3siny+sina.cos'Y)} 
0 

+~b t sin9 (- COSO.sini3 COS"{ +sinO.siny )+cos 9 COS0.COSj3} 
0 0 

+~9 {b COS 9 (-COS a.sini3cOS"{ +sina,sin"{ )- b sin8 cosa,cosj3} 
0 0 0 

6.P = ~Msinj3 + 6.j3Mcosj3 
x 

6.P = -6.Msina.cosj3-6.a.Mcosa.cosj3+~Msina.sinj3 
y 

6.P = 6.Mcosa.cosj3-6.aMsina.cosj3-~Mcosa.sini3 
z 

(B. 7 8) 

(B. 79) 

(B. 80) 

(B.81) 
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5. Programming Notes 

Since all of the equations central to the calculations of either 

the potential or the partial derivatives are in infinite series form, 

some convergence criteria must be set for the series. It was 

found by testing the computer implementations of the equations that 

generally the series achieve reasonable convergence by the time the 

degree of the Legendre functions becomes about five. After that, 

successive values of the sum of the series oscillate weakly about 

the point of convergence. The convergence criterion eventually 

incorporated was to stop summing the series at the point where 

three successive terms were smaller than some fraction, o, of the 

current value of the series. For the series which evaluated the 

potential at any point, a satisfactory value of o was found to be 

O. 02 or O. 03; for the partial derivatives o was set at O. 05. These 

values were determined to be the optimum trade-off between 

computing time and satisfactory accuracy. 
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APPENDIX C 

Details of Preliminary Data Re-Formatting 

The data were received from the San Francisco laboratory 

on punched paper tape; Figure C-1 shows the format of the data 

as punched on the paper tape. Each channel of the evoked respcn se 

as averaged by the CAT 1000 computer was registered as 256 

samples taken at one ms intervals. Successive samples from the 

CAT are integers in the range 0-999999, and a calibration factor 

for each channel is thus required to scale the CAT integers into 

microvolts. 

As shown in Figure C-1, each one of the 256 samples is 

encoded by three paper tape characters, where each paper tape 

character contains two decimal digits, written on the tape in 8-4-2-1 

BCD code. Note that the 8-4-2-1 code is not strictly followed -

decimal "0 11 was punched on the tape as BCD 11 1 O. 11 Preceding the 

3x256 = 768 paper tape characters representing the averaged 

evoked response for one channel was a six-digit (three tape 

character) identification sequence consisting of experiment number 

and channel number. 

The paper tapes were read at the Caltech computing facility, 

producing "images" of contiguous paper tape records on a digital 

magnetic tape. In order to decode the paper tape images an 

assembler - - language subroutine (DECODE) was written. This 



88 
0. 00 

00 ·0 0 
000 

00 
00 

88 
8°0 o o 

0 0. 00 
0 0 

0 0 0 0 
0 8 :g 0 

0 0 0· 0 

0 0 0 0 
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0 0 0 0 
0 808 

§8 
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~ 
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I 
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} 
Identification Number 
(136520) 

} 
} 

Leader 

First CAT Integer 
(005328) 

} 
Last (256th) CAT Integer 
(005115) 

Leader 

} 
Next Identification Number 
(136521) 

Leader 

Figure C-1. For1nat of CAT paper ta1w. R~·('ordis t>f l~1. -
6 di).1.it (3 tape charad(_•t'M) intq'.t't'S folluw 1'!1t' h digit 
idt>11lificat.i1>11 nun1be r. 
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routine converted the data from the paper tape format to full word 

integers and passed them back to the Fortran calling program. 

After conversion to Fortran integers, the data were written 

onto another digital tape. This tape was subsequently read by a 

calibration program which scaled the data to have units of micro­

volts, encoded as Fortran "real" numbers. Again a new tape was 

written, containing the calibrated data. 

This last operation thus produced, for each subject, a tape 

containing three replications of N channels of responses to three 

experimental conditions. This tape of 3x3xN records was 

processed by a program which produced the final "raw" data tape 

for each subject. The format of this tape is shown in Figure C-2. 

Since there were three replications of each experiment for 

each subject, a "mean" response for each channel was derived by 

averaging over replications. Thus, for each channel for some 

condition, the 256 potential values have sorn e mean value and a 

standard deviation of this mean value. The mean response and the 

standard deviations of the mean response for each channel occupy 

the first 2x256 = 512 words of the record shown in Figure C-2. 

Sometimes it is of course possible to suffer spurious 

conversion and sampling errors which produce "maverick" data 

values. The effects of these erroneous points are minimized by 

smoothing the mean curve with a smoothing function shown in 

Figure C-3. As indicated, a second order polynomial is fitted in a 

least-squares sense to seven consecutive data points. Each data 
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1st Channel 
First "M II 

Experimento I 2nd Channel 
eon Curve, 

Condition 
256 Fortran 

(Flash right 
Real Numbers 

eye for DALO, 
flash I eft eye 
for kw) Standard 

Errors of 
Mean Curve, 
256 Fortran 
Real Numbers 

Second 
Experimental 
Condition Smoothed 
(Flash left ith Channel 

Mean Curve, 
eye for DALO, 256 Fortran 
flash right Real Numbers 
eye for kw) 

First Time 
Derivative of 
Smoothed 
Curve 

Third 256 Fortran 
Experimenta I Real Numbers 

Condition 
(Flash both 

Identification 

eyes) 
Information, 
8 Fortran 

Lost Channel 
Real Numbers 

Figun~ C-2. Format of digital n1agnet.i< · t.apt• of "raw" data fur 
each subject. 
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/Actual Data Value 

• • 
11
Smoothed

11 
Data Va I ue 

2nd Order Polynomial Fit to 
Seven Consecutive Data Points 

I 2 3 4 5 6 7 

i - Index to Consecutive Sample Times 

Figure C-3. Smoothing of evoked responses by fitting secood 
order polynomial to seven data points and calculating smoothed 
value at middle point. 
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point is weighted inversely according to its standard deviation in 

determining the coefficients of the polynomial. After fitting the 

second order curve, a new value for the middle point is calculated , 

from the polynomial expression. Th is point does not replace 

the original data value in storage, but a new, smoothed curve is 

constructed entirely from seven unsmoothed values at a time. The 

first and last values of the smoothed curve are constrained to be 

identically those of the original trace. The second and third and 

the second last and third last values of the smoothed curve are 

derived from fitting the polynomial to only three and five ordinate 

values respectively. This smoothed curve is found in the third 

group of 256 real numbers in the record pertinent to one channel 

of one condition. 

It was desired at one stage to produce not only a smoothed 

curve :·· for each response but also the first time derivative of that 

response. This is easily derived at the same time that the responses 

are smoothed, by also evaluating the slope of the polynomial, at 

the point which was smoothed. This group of values of the slope of 

the mean curve fills the fourth 256 positions of each record of 

Figure C-2. 

Finally, the record which describes the response in one 

channel for one condition is concluded by some eight words of 

information such as channel number and label information. The data 

tape thus formed contains 3xN records, one for each of N channels 
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for each of three conditions. It is thi s tape for each subject which 

is used in all subsequent analyses. 


