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ABSTRACT 

This experiment examined the effect that the introduction 

. !' ~::.all amounts of anisometropia had on the forced vergence 

, : z~~ion disparity curves of four subjects. Its purpose was to 

1 r.·r ~ stigate whether the forced vergence fixation disparity curve 

,, ,1 l.i be a clinically useful technique in questions concerning 

. :rr.all amounts of anisometropia. The results of this experiment 

r.0w the response of the forced vergence fixation disparity 

.,c·.-=: to small amounts of anisometropia to vary with the subject 

, :: ·:• =:11 as the portion of the curve. In some cases, as little as 

, . ;c, D had a not icable effect while in other cases, 1. 00 D of 

,r . ls~~etropia appeare d to have no effect . Finally, applications 

· ' ~~i s approach are considered . 
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INTRODUCTION 

A search of optome tric and physiological optics literature 

failed to reveal any previous experimentation on the relationship 

between small a mount s of artificially induced anisometropia and 

the forced vergence fixation disparity curve directly. Certain 

papers , howeve r, do contain information which may be applicable 

to this topic. 

Cart e r 1 suggests that a measured fi xation disparity mqy vary 

in as litt le as fifteen minutes if the subject is g iven time to 

adapt thr ough the prism be ing used. This would indicate that mo re 

rapidly responding subjects may tend to show greater changes i n the 

fo rc ed ve r gence fixat ion disparity curve. 

Flam and Goodwin2 examined the difference in r esponse to 

: egg i ng lenses between the two eyes . The implication he r e was that , 

~ i th a refraction done at distance , creat ing artificial anisometropia 

o f s mal l amounts at near could actually be equalizing the two eyes 

of s ome peo ple . The prediction would then b e made that for a portion 

o f the population , small amount s of aniqometropia may cause changes 

in the fixa tion disparity curve opposite to what somewhat large r 

a mounts of anisometropia would cause. 

PetersJ stated that as little as .12D of anisomet ropia can . 

effect the binocular system of certain individuals as measured by 

stereosensitivity. He found that .75D to l.OOD of anisometropia 

would almost certainly have an effect. 

Rut st ein
4 

like Carter suggests that an adaptation process may 

be present in the visual system by which an inherent fixation disparity 

tends to maintain itself. 

Finally, an interesting conclusion was reached by Saladin and 
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METHODS 

The subjects for this experiment were four prepre sbyopic 
'.1..­

male s who had no symptomatic binocular problems or strabismis. 

They also lacked any uncorrected anisometropia of 0.25 D or more. 

Ea c h subject sat for four separate sessions over a period 

of four we e ks. The first session began with a care ful subjective 

r e f raction wh i c h included a critical balancing using at least 

t hre e ba l anci ng procedures. After this was done, and at each 

o f t he thr e e subsequent sessions, four forced verg enc e fi xation 

d ispar i t y cur ve s were measured using a di s paromet e r at 4 0 em. 

O~e curv e wa s t aken with only the sub jectiv e refraction place d 

i n the phoropte r (level 0), while t he ot he r t hr e e curve s wer e 

taken wi t h +0 . 25 D, +0. 50 D and +1,00 D s p h e r e s plac e d b e for e 

the ri ght eye i n a dd it i on t o the sub jective r e fra c tion (leve l 

1 , 2 and J respective ly.) The order i n whic h t he curve s we re 

do ne , was se l ected f r om a list o f possible orde rs produc e d f rom 

a r andom d rawing mad e before the start of t he data collec t ion . 

Eac h curv e c onsisted of the fixation disparity measured 

wit h s even amounts of prism placed in front of the phoropt er: 

6 BI, J BI, 0, J BO, 6 BO, 12 BO and 20 BO. Between the measuring 

of t he curves, t he subject was given a ten minute rest period 

where he was allowed to look around the room normally out from 

behind the phoropter. 

During the taking of the data, the subject was instructed to 

read the lowest line of letters he could next to the two vertical 

. ~. line s. When the line of letters was clear, he was to glance at 
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Carr5. They found that the forced vergence fixation disparity 

curve may undergo changes with changing test conditions in the 

case of symptomatic subjects, whereas such changes were not manifest 

with asymptomatic subjects. 

1.6 



~he two ve r tical lines and make a judgement as to whether the upper 

li n e was to the right or to the left of the lower line. He was 

to ld to use only his first impression and not to stare at the 

li~e s. This was to be done three times or until the subject 

so~ a consistant impress ion, before he reported 'right' or 9 left' 

to t r.e examiner. Every point on each curve was determined by 

jrack~t i~s three or more such respons es from the subject. 

At the final session, Nott retinoscopy was performed at 40 em, 

~h i le ~ he subject read aloud from a printed page. The material 

~~ s app r oxima te ly the same size as the lowest line of letters on 

:h~ dispa~ometer . 

J 
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RESULTS AND DISCUSSION 

?h e data that was collected during this experiment is pres e nted 

i:-1 :~ o ur t ab l -:; s . In addition , the individual points from the 

:''J l...tr :-:;:::;sions 'Nere averaged and graphed fo r e a s i e r inspect ion. 

In o rd~ r t o l ook at the effect that the introduction of 

= ~all ~~ G ~n t s of anisomet ropia had on the fixa t ion disparity 

~ ur'l ~s , it i s necessary to examine the l imit on t h e accuracy of 

-:: ('.:~ 'i:J. t a . I n a c 1 ini ca l sett i ng , it is often as i mportant ho w 

:~ ~ 3 ub~~ ~ c r -:;sponds as it is what the subject responds . Sue h i s 

= ~ ~ a s~ i~ th i s e xperiment . There was a great dea l o f variabi lity 

~~t we- ~ s~b~e~ts with respect to the a mount of t:~e ne e ded to 

-- :. ~·:: .::_ ~ c: .::; pons e , t he nwnbe r of responses needed t o bracket and 

·~ ~ -.:J::o ':! ~ ~ '=' ~::-, i :~ -:; a point on the cu~ve and the r epea ta bili ty of 

- h .. J co i r.ts . 

T ~~ i~3paro~e ~e r can change t he separati o n o~ t he t wo v ertica l 

~i: -, -o:s ~ r, .::;-:: .::: ps o ;_, t No minutes o f arc . In many i ~ stanc es , changi ng 

:~~ s~ra~a :i o n two minutes of arc produced a defi~ite reversal 

JC t~ e r ~2 ~onse fr om ' ri g ht ' to ' l eft ' o r 'left ' ~o ' ri g ht ' and 

~ t t~ese t i ~e s , the fixat ion disparity was r ecorded as the amount 

j~t w e-:; n t he s teps . Tak i ng this into conside r ation , as well as 

~he de gr9e of repeatability obtained during the experi~e nt , I 

~ ee l t ha t t he limiG on the perc is ion of fi x ation disparity points 

~easured with a disparomete r is about p l us or minus one minute of arc . 

It i s with this in mind that I determined the criterion 

that two curves were the same or different J If the points at 

the same vergence leve l on two of the average curves were separated 

by up to o ne minute of arc , I considered them to be the same . If 
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the points 'Nere separated by three minutes of arc, I considered 

them to be different. Between one and .three minutes of arc, I 

looked to see if there were distinguishable trends between two 

or more consecutive points to . judge if there were a difference 

betwe~n t hem. These standards would be modified in cases where 

th~ sub~ect's responses showed a tendency for greater variability 

than plus or minus one minute of arc. 

This me thod of analysis is valid in my opinion because my 

c oncern here is whethe r this technique is clinically applicable. 

To me , ~hat means that generally, only one or two curves would 

be tak ~n a t the subjective refraction and at the level of 

aniso~e t ropia in ques tion. If it takes ten curves and statistical 

ana lys is t o determine that there is a difference then I certainly 

would n o t be wi ll ing to incorporate thi s te c hnique into my arsenal 

o f rl~agno s tic tests in a general optometric practice. Further , 

st::.tistical a naly sis on information gained from a s mall number 

of t rials , 'Nh ich r equires the exa;·niner to set a level of certainty, 

is no mo re ac curate than i f 'the examiner get s a feeling for the 

q~a lity of the subject 's responses and use s this to determine 

the allowed variability between two points before they are con­

si de red different. I am keenly aware that this opinion is not 

universally shared, particularly by those who were trained mainly 

in mathematics and have little experience in the variety of things 

which affect a human's response on a subjective test. I will discuss 

the results of each subject's responses separately. 

Subject #1 gave responses moderately rapidly and with a 

moderate amount of repeatability. Only at the extreme end of the 

graph, at 6 BI, did two points vary more than one minute of arc 
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but at those points there was no discernable trend. If any trend 

exists among these curves, it would seem that between J BI and 

6 BO, the level 0 and level 1 curves appear to be about 0.5 to 1.0 

" minutes of arc more eso that the level J curve. However, this 

trend is not distinct enough to be certain. 

Subject #2 gave responses moderately rapidly but with the least 

amount of repeatability of any of the four subjects. Indeed, 

bracketing to determine the final data point took more tr~ls 

because the subject's responses changed frequently even at the 

same separation of the lines. In addition, he sometimes found 

it difficult to fuse 6 BI and J BI. The points from these occasions 

are marked (D) for double on the table and were not included in 

the averaged graphs. There was also a wide variability at the 

20 BO end of the graph leading me to discount both extremes. 

There does seem to be a trend for the center range of vergences 

in which increasing the amount of plus sphere before the right eye 

cause s the fixation disparity curve to shift to a less eso position. 

This trend would be more evident if the ' data from 4/4/'83 was 

r emoved as it contains many extreme pointwhich distort the averages 

leaving the possibility that something extraneous may have influenced 

that session's data. At any rate, that the trend is most evident 

with no extra prism in place, the natural state of functioning, 

probably indicates a definite change in the amount of fixation 

~ disparity with induced anisometropia. 
< 
\ . , 

J.. I~ ~', 
~ - .q, 

.;. • { .. 
Subject #J gave moderately repeatable re~ponses _but gave them 

slower than any of the other three subjects, much slower in fact. 

~ ii There is a clearly distinguishable trend in which the level 0 and 

level 1 curves are less eso than the level J curve. Except for 
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the extreme BO end, the difference between level 0 and level 1, 

and level 3 start at about one minute of arc for 6 BI and slowly 

~ grow to about two minutes of arc at 12 BO. This difference, 

while manifest with 1.00 D of anisometropia, is not discernible 

with only 0.50 D of anisometropia. 

Subject #4 responded rapidly and gave very repeatable responses 

except at the 20 BO end of the level 3 curve where there was a 

lot of variability. Again there is a clearly discernible trend 

in which the curves tend to become less eso with increasing amounts 

of plus before the right eye and the differences get larger with 

increasing amounts of BO prism. In this case, there also appears 

to be an effect from +0.50 D as well as +1.00 D as in the other 

cases. 

The results of Nott retinoscopy showed that subjects #1 and #2 

~- responded to the plus lenses before the right eye by relaxing 
.... ~ 

accomadation the same amount and using the right eye's clear image 

to read. Subject #3 gave a variable acco.T;adative response, at 

least part of the time, overaccomadating to use the left eye to read. 

Subject #4 appears to have responded to the plus lenses by relaxing 
·- ' 

accomadation half the amount to maintain equal blur between the 

eyes. While the result was consistant during the Nett retinoscopy, 

subject #4 also reported that one of the vertical lines on the ' 

- ~ - ( disparometer was fatter than the other during the measuring of 
;1 ~ . " r-- t the level 3 curve which leads me to suspect just the opposite of 

the Nott retinoscopy. The difference might be due to the fact 

that that the subject read the material aloud during the Nott 

retinoscopy providing more feedback on the text's clarity than 

he received by looking at a single line of letters during the 
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measuring of the fixation disparity curves. His rapid responses 

~tend to support this also. 

There are three times during an optometric exam when an t 

i -

optometrist may want to know if a small amount of anisometropia 

is having an effect of the binocular system. First of all, a 

patient may present with a small amount of physiological aniso­

metropia. Secondly, an improper optical correction may induce a 

small amount of anisometropia. This is particularly common with 

contact lenses as balancing may be less accurate than with 

spectacle lenses. Finally, anisometropia can be purposefully 

created as with the monofit technique for presbyopic contact 

lens wearers. 

In the first two cases, it may be desireable to determine if 

vague symptoms can be attributed to binocular changes caused 

~ by the anisometropia. In the last case, the examiner may want 

to kn ow the de gree of binocular changes that would occur with 

a c e rtain amount of a nisometropia. 

8 
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CONCLUSION 

The effect of small amounts of anisometropia on the forced 

vergence fixation disparity curve varies with the individual to 

the extent that 0.50 D can have an effect in some cases while 

1.00 D does not in others. A portion of the curve or the whole 

curve may show a change. Plus lenses before the right eye can 

cause the curve to become more or less eso. 

It would appear that the forced vergence fixation disparity 

curve shows promise as a sensitive indicator of binocular changes 

in cases where there is a question as to whether or not a small 

amount of anisometropia is effecting the binocular system. A 

correlation between Nott retinoscopy and the response of the 

forced vergence fixation disparity curves was not evident. 

9 



0 

0 

G 
,.... 
v 

\ 

\ 
\ 

\ 
l 

: l 
~ 'l 
! ). 

N G\.- e tt .l. 

{::\')~ l~ 

\-\"' ~. '"'"' ... \ R"' oo -sso-:.-.25"-o~o 
0 ') - !o . 1 s 0~ 

~'VA (-,_\,J~~\-.,.,(.) 
co - s 5o -~ - . 1. 5 ;< o 1 o 

0'> - ~- l s 0 ~ 
O"'t-~ c-{ e,__a..... " .... J o.-}1?. 

' 
3 I '\ f ~j o 1 ~ t 

)l,ol$i J.J.o\ 

~ 1 :n (~ ~ o ' ) 1.. 

I 

. '-11'11~~ Q\l.l 

0 

B1 
\ l ., 

\ '.h lo) 

(0) 

\ \ '> q ~ 
\1. ., (o} \ o ~ 

~ '> l 
q~ I 
II ,(0) ~ 

, ~ lo I 
\).' 

\\C, 

ls 
\P) 

\ '! ~ 

\ O.s 

\ 'l ) 

\0 .> 

l. Os 

\0 ~ 

ll.)~ 

\ (.) ~ 

\} \ 

\ \ ~ 

I 0 ~ 

j \ o s~ 
I 

I 
I 
I 
I 
I 

I 

7.s 

\:, s s~ 

<,~ ~ s 

<o~ ~~ 

(:,~ ~~ 

S"> S".} 

'>} '-\~ 

s~ '.s. 
<os. "~ 

.,f' 

OD 
0 t.). s 

\ -- ~ 
.l -... ~ 
3 ....... ~ 

fro?:. v~t.._ ~-~"" 

4.s 

0 

1..s 

l.s 

).o 

Bo 
4..s 
l .s 

1..X.. 

2s 

OS 
'"·l.S 

t. So 

~-So 

,. • , 5" 



l 

f v 
5 

0 

0 
'"' u 
,.,.. 
v 

\ 

\ 
' .I \ 

l 

, l 
!r·_,_ .. t ): 

: ..l 
·, s 

".::::::-
s 
) 

) 

\-\u. "· '""'"" \ ~~ O D -~lSI)~ 
o ~ - S- 1 "i : - . 2 'i "\~v 

~'VA ('>-\oj~~-t;.,~J 
OD -> .tS OS 
o<:> ·}.t.S -~ -~5"1-\ 15 o .... t~ c-\ e,_q, ..... ~-,t o.-)er 

\ l 'u/~) ~0..1..\ 

) ! ~ ( ~) \ ~ .lQ 

'>1\~/'3) 0~1.1 

'-;./~(q~ U:L.d 

b 3 0 3 ~ 

G>I ~l B1 ~0 ~:So 

s-~ s ) l. ~ \ > ..l.s 

~ _) l .. t '> ~ ~ \ )( 

~ ~ t } t~ I ~ 

I 
t X. 

'-\) \ ~ \') , \) l \s 
·----- - - -- ---~-- - · - - --

4!. 1...) 1 s l s I \ .s 
'\ , 3 > (/) \ .( 

I 
\ )( 

l> 
'-'i l') \~ \ 5 

"'\~ 
I ~ .s ~> \ s \ s 

3\ I ~ s \ .s \ ::. (/; 
' 

\ j rJ 0 >.s I \ s 

~s. I l 5 2.). \ ~ $ 
r 

l ~ ! \) \ ~ \~ \5 I 
--- - - ----

Is 4)o 3 s ~~ .l.s 

~~ 1j \ ..s \ s \ C) 

"'~ ~.s \ ~ 's \ l( 

5 s "i) ~ ~ 3 .. 2. ~ 

OD ()~ 

0 - ~ ~ ~ 
~~ "t.l.S" 

-. )... s +. l. .r 

-t-.).'j" ... 15 

\l ).o 

\So Go 
(/) \ s 

\ :( l..x. 

\)( \l( 

\ X \)( 
-- - -- ----r-
t 5 l.-'1. 

~X 4x 

q, 0 

\x '-' 
\_s "2)( 

\x .}x 

\~ \j 

\ ~ \s 

\ 5 'l.."" 
\ :s \s 

rt> \x 

\ <.. 1x 



L 

0 

0 

\ 

\ 
\ 

\ 
l 

... ' d '1 
N~-e 

P\ J 't! l '-\ 

\-\ '"' \,, \-"' ... \ R;a. 

(.,_\oje._\-;.,c.J 
- . l. s -::. -. l.. s ]1.. 0 g 5 
- l 5 :: - . 1. ') A \ 0:: a 

o-\ e.,.._ ct ..._ "'~J 
~ 1 <-;( ~l l~lO 

J /(.. ISI l!3 o 

\ /1 1. ( H Q i:l\..l. 

<.;f s/g , \ o U 

3 

~l I 

l s 
\ \ 

L \ \ ' 

0 

B1 
\ s 

:0 I 
¢ I 
\ )I. 

l x 

I \ -< 

I I X 

I 

r; -----· ~~-- ____ L __ ~- -

\ \ 

' s 
l. ) 

0 lx j \"" 

La. l~ I \JC\ 

\A \x ! \~ 

\ ,( \ ~ 

\ ( 

l l \ :.. \.( 
< 
' ! l. \.l \.( 

\ ;( ; ..l .t~ \.s 
----~------+---

\x 3,.. 

s l.s tl 

~ \) 's 
~ ~ I I( 

) C1 , \s \ )( 2.)( J){ 

I l. 

OD C)~ 

0 -~~ ~~ 
\ -.l.S" --~ 
.l ""- .Lj- +- I 1 s 
3 - . So t-. s 0 

\1 ).o 

\So ~3D 

\ X ~ >I 

1 x 3x 

)x ~,( 

h <i .t 

Jx 

Jx 

Sx 

Sx l " )C 

g .( 



X C,O 0 0 

,. 0. ~ 5 \ e v '{. \ ---- ___ .... __ _ 

0 ~ o. s 0 D 

\ . 0 0 0 3 

; 
i· . -- -~ ¥ 

I • 

I ' 
1.-•. 

~ r ._ .... _. 
'. t • 

... ... )j - -'t- t-··- ~~ ~. 

! i" 
~ ----·: ·----- ~-7--.:... -~ :... - --7-·· - ~-- : - - --

- - -· ~ - _ ..... 

.. .._ ___ - . .. --
- - . - --- - - .. - .. -. ~ --- -

-- ------ - :-- ---

\Y. 



.; 

i -·~. t 
l 

t---- . f \ ;. . 

' '+ !. -"'j· - - -
... \ ·-

t~o 

•• 

,. 

4' 

•• 

~ 

s '-\_'o j e. '- t 

--t -- +---~J 
I : t 

-, 

.L - r-- -
1 I 

' I ' -·- - -r--~-
1 

r 

-1 · .. - t 

. ' - .. 



. ,... \ 

·~·-

-. 

·- '. 

I_.-·' 

.--

. :..,; .-;~ . 
.• -. . ~:.:-. ~ -~ 

·' .... 
~-·.~ ~ 

.. "";f .. 

···-:,. ~ ~~· 



'i ~ 1 
' 

" -~ .... - - -...1.---

F" , • . 1-t--·- _;_ 
L:i . , 
t~---- - "-

! _ __.,_ ___ -·- - -
! 

e so 

c.· 

- -- - ,..- --- i 
4·· - .! _ ... ___ - _:_ __ ...:.... --:---

_j _ _ .!.._ __ _ 

I' 

••• \7 

~.a · -J 

r~· __.....- ... .!.. -

' . 

tt 3 

-: --.-:--1 - ----~ ..._-~--~.--·- ;_.-- -;- - · -
/ o : ' I 

--- -· r- -t-~- -;--~__..~~ ... - - p·- ----=--
, __ 

·----·r-

' - ------ - -----i 

- ·l\ 

~!.~:!i-. _~-- ;.;. 
~. 

:~-· 



L 

;-
'· 1---_..-i- ;- r-- - .,.--

'· ' 

I 

'· 
' 

\0, 

,, 

c.' 

"' 

•• 
- ;--· -------
- ,.---~---- --:- - - -

1---·--- - ----- ·-·- _ ,... - - - -L - - --

! ,_ 
i 

' . ' ' 
·- ···-·---' -,-. 

s 

:_ - r·- - - -' -· -- __ :_ -- -- -

- ----- -- - .--- ---

'o · J 

- -, -- ------ ·- -

-~-·· :.-

I ··~· ~ .} 

' ·.} 

(._ -. ':- :~- -: 

. -
.-~ 



BIBLIOGRAPHY 

Cart er , D.B.: Fixation disparity and heterophoria following 

prolonged wearing of prisms, Amer. J. Optom. and Arch. Am. 
;:. 2 ad. Optom., 42: 141-152, 1965. 

flo~ , M. C. and Goodwin, H.: Fogging lenses: differential acuity 

r 9s ponse in the two eyes, Am. J. Optom. and Arch. Am. Acad. 

Optom ., 41: J88-J92, 1964. 

~ ~ : 9 rs , H.B.: The influence of anisometropia on stereosensitivity, 

Am . J. Optom. and Arch . Am. Ac ad . Optom. , 46 : 120-123, 1969. 

~ utste in, R . P. : F i x ation disparity and stereopsis, Am . J. Optom. 

and Physiol. Optics, 54 : 550-555 , 1977 . 

3aladin , J . J . and Carr, L.W.: Fusion lock diameter and the forc ed 

vergence f ixat ion d isparity curve , unpublished pap er. 

19 



0 

0 

0 

No..-e 
P\J ~ 

\-\~\,. '""'- \ ~~ 
0 ;:> - s o o ~ -. so ~ o s ~ 
0 ) - ~ s 0 : - . ;. s ,.: \ ~0 

\b'V~ (.,_\,Jt~~t. .. (.) 
c\l - S...:o:, - . S"c AO\:O 

0 '> - S. Sc C 5, 

0--.h: c-{ e,__ «. _ "- ... J 
I 

1/'\ /~ \ \l~o 

) / \p(~) ~IO.l. 

} I\} .. (,} 0 l ~ I 

:_L( 1. 1 (~ ~ l 0 \ J 

0 

~l 

I 

i 1 s 

' ... 
'J . 

I , , 
(,6 1 ¢ 

. - . - - - . L . - - ·-· -

\ 

\ 
! \ • 

. \ 

\x; 

). s 

~ l l-4! \~ (/> 

l ~l ~~ ~s 

·. :t.~- . ) } 2 ~ 

~ \s '~ ... _ ,.__,_-::--"-r..----4--- - - -- -·· 
· ~ . l~ ·.-;,.::": .. · _.," ~, \ s \ .s 

\i. \~ 

- ~ 
I 

1 : ) 
! 
l 

\ s \ > 

I ¢ 
I 
I '~ 
I ~5 

\ s 

r 

I 
I 

~ 
I 

I 
I 

0 

1. s 

\)\ 

\ ~ 

"t-. 1. 5 

'\. 15 

J..o 

I ~ 

\..s 

"l.l( 

\ s 

\" 

2x 
\ }( 

\ 5 

\ )( 

+. l s 
~-5<:> 

+-_ s 0 

+ . ( s 

::o! :' 


