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Abstract:

A modification of the von BERTALANFFY Growth Formula is proposed

which has the form

and which can be used to fit seasonally oscillating length-age data.

The properties, positive and negative, of the models are discussed.
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K, to' ts and C, and which also can be used to improve preliminary

estimates of L~ . Worked examples are given.
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Introduction

Taking into account seasonal growth oscillations when computing

the growth parameters of fishes is not an esoteric game. It is, on

the contrary, a method for considerably increasing the accuracy of

growth parameter estimates, especially in the case of those temperate

fishes which are short-lived. In such cases, and when the length-

at-age data at hand stem from different seasons, not considering

variations in growth rate can indeed lead to serious errors in

the estimation of growth parameters.

Several versions of the von BERTALANFFY Growth f'ormula (VBGF) have

been published in recent years which may be used to describe the

seasonally oscillating growth pattern of fishes (URSIN 1963a, 1963b,

PITCHER and McDONALD 1973, LOCKWOOD 1974, DAGET and ECOUTIN 1976,

CLOERN and NICHOLS 1978), while JONES and JOHNSTON (1977), on the

other hand, attempted to relate seasonal variations of food intake

to variations of the growth parameters Loo and K.

The main drawback of the modifications of the VBGF hitherto published

is that their parameters are very difficult to estimate. Thus, for

example, the model proposed by PITCHER and McDonald (1973) and that

of CLOERN and NICHOLS (1978) both need to be fitted by means of

computer programs.

Another drawback of these previous equations is that the parameter

which determines the amplitude of the growth oscillations remains

undefined, such that it can neither be visualized, nor used for

comparative purposes, e.g. for assessing the effects of winter

conditions on the growth of different stocks or species of fishes.

The version presented here has three advantages over its predecessors:

1) Its parameters can be estimated easily, e.g. by means of a

programmable pocket calculator.

2) It contains a parameter ("C") which was derived such as to express

the amplitude of the growth oscillations and to allow for the

comparative investigation of the effects of winter conditions

on species and for stocks widely differing in their growth

parameters.

3) The conditions which limit the applicability of the model are

defined.
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In order to fully demonstrate these points, a program for use with

a HP 97 or a HP 67 calculator is presented, together with worked

examples, each of which illustrate (a) different aspect(s) of the

model.

Derivation of the equation

The VBGF, for length, has the form

Lt = Loa (1 - e -K (t - to» 1)

It has been demonstrated by a great number of authors (e.g. by those

cited above) that the main abiotic and biotic factors which affect

growth (temperature and food availability) tend to fluctuate, in

the course of a year in a manner which can generally be well described

by a sine curve of wave length one year.

A sine wave can be incorporated into the VBGF such that

where A and ts are

Equation 2, it may

PITCHER & McDONALD

(1978).

Equation 2, in this form, has the major disadvantage that A is a

purely empirical constant which, when estimated does not yield any

insight into the magnitude of growth oscillations which it modulates.

constan~whose properties are discussed below.

be mentionned, is analogous to equation 6 of

(1973) and to equation 6 of CLOERN and NICHOLS

This can be corrected by the following considerations: Length growth

rate may be completely halted in winter such that: ~= 0 3)

The first derivative of equation 2) is
dL
at = P . q . r 4)

and

p =
q =
r =

Leo

K +A21r cos 211 (t-ts)

(K (t-tO> + A. sin 2'1r(t-ts) )e

where

--- - --

where Lt is the length at age t

Lao is the asymptotic length

K is a growth constant

and to is the "age" a length zero.
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For equation 4 to have zero values, at least one of the values of

p, q or r must, at time, come to equal zero. "It may be seen, however,

that p and r must always remain to.

Hence growth ceases if, and only if

q = K + 21r A. cos2.7r (t-ts) = 0
.

,

e. K
IIf we now define " =;= 211"

5)

6)

it is assured that equation 5) becomes zero exactly once per year,

when t = ts + 1/2 ("winter point").

The multiplier C may be interpreted such that there are no growth

oscillations when C = 0, C = 1 when the oscillations produce once

per year exactly one zero value of ~, and C> 1 when the fish actually
shrink during the winter period.

This latter case, it may be noted, is very unlikely to happen in

nature (as opposed to loss of weight). Only one paper was found in

which a significant length loss of 0.67% to 1.23% was reported,

after starvation periods of up to 7 weeks (NICKELSON and LARSON

1974). In most cases, therefore, C = 1 will have to be considered the
upper biologically interpretable limit for this parameter.

Equation 2) may thus be rewritten in its definitive form

Lt= Loa (1 - e- (K (t-to) + C .2~ sin 2'Jr(t-ts) » 7)

where t simply sets the start of the sinusoid growth oscillations
with regard to t = O.

Estimation of the parameters

A well-known method for the estimation of K (and of to> given length-

at-age dates and an independant estimate of asymptotic length was

proposed by von BERTALANFFY (1934). It consists of rearranging

Equation 1) such that
Lt

ln (1 - Lw) = K to - Kt 8)

(which applies only if L"<I)Lt>. In this form, K and to may be

estimated by means of a linear regression

where y = In(1 _ It >
Lc;o

and
a = K.to
b = -K



sin 27r ts . cos 21f't) 11)

which has the structure of a multiple linear regression of the form:

and

12)

where

The only parameter which cannot be estimated directly from the

seasonally oscillati/llg growth data is Loo. An estimate of Leo has

therefore to be computed preliminately, e.g. from a FORD-WALFORD Plot.

In order to distinguish between independant estimates, and such esti-

mates of L~ that are obtained directly from the length-at-age data,

the convention is used here of coding independant estimates of

asymptotic length: L(oo) (PAULY 1978, 1979), the brackets meaning

----
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Equation 7), on the other hand may be rewritten as

_ Lt ) (K (t - to)
K

sin 211'(t-ts»(1
-

+ c. 2'11'. 9)
Loa

= e

Since sin (c< - (J ) = sin (.( . cos (1- SL1f3 .
cosc.... 10)

we have In ( 1- Lt ) = -K
(t-to+ f1l sin 2 'it't .

cos 2'lrt - ¥ .Leo s 1r'

y = a + b1 xl + b2 x2 + b3 x3

Y = In ( 1 _ Lt )
Leo

x1= t

X2= sin 211t

x3= cos 2lYt

Equation 12) thus yields coefficient values which can be used to

estimate the growth parameters by means of the relationships

a = K.t 12a)0

b1= -K 12b)

b2= -K' ¥"... cos 2 7r ts 12c)

C
sin 2 iY ts 12d)b3= +K . 21r'

arc tan (_ b3 )
with ts=

b?
12e)

2.'ir
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that estimates of this type may be slightly more limited in their

accuracy.

A method for obtaining a preliminary value of

value of L max (greatest length recorded from

connection with the relationship.

L(OO) is to use a good

a given stock) in

L max = 13)
0.95

proposed by TAYLOR (1962) and BEVERTON (1963) and which demonstrably

produces good results as long as fishes not larger than about 50 cm

are considered (PAULY 1978, and PAULY 1979 for the reason for this

size limit).

When reasonable estimates of L max are not available (e.g. when large

fishes are not caught by the sampling gear), the following heuristic

formula may be used to obtain a preliminary estimate of L(oo):

LQp
L2. - (Lj_i)

= 2 Lj - Lj+i

L. )
J+i

L.
)-i

14)

~~ere Lj' here, is a centrally located length value and i a time
interval chosen as large as possible (In the case of seasonally

oscillating data, the value of i should be one year or a whole

multiple thereof).

The preliminary value of L(OO) obtained with either method may be,
in any case, subsequently improved by means of a quick trial tech-

nique analogous to that proposed by BEVERTON (1954, p. 57) and

RICKER (1958, p. 195 ff, or 1975, p. 225) for improving preliminary

estimates of L(OO) used in fitting equation 8) to length-at-age data.

The calculator program proposed here has fo~ this purpose a routine

for computing R2 (multiple coefficient of determination) , whose value

may be maximized by means of a few plots with varying estimates of

L(OO). (See example 2)

Application examples follow which illustrate various properties of

the model.
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Example 1: Fit improvement through use of a seasonally oscillating
growth curve (Fig. 1)

Data: Growth of Norway Pout, Trisopterus esmarkii in Scottish
waters, as read off fig. 6 in GORDON (1977)

0.250 7.3

0.333 8.8

0.417 9.4

0.500 10.6

0.583 10.4

0.667 11.2

0.750 11.1

0.917 11.3

1.000 11.4

1.083 11.8
1) birth: set in mid-April

2) mean of several year-classes---,- -
L(Oo) is set at 20 cm (see URSIN 1963b and

age (y) 1) L (cm)2)

unseasona13)

age L (cm)

1.167

1.250

1.333

1.417

1.500

1.583

1.667

1.750

1.917

13.8

14.7

14.5

15.2

15.1

15.2

15.3

15.5

15.5

RAITT 1968)

seasonal

Residual variance of "unseasonal" curve (Equation 8)

1.000 - 0.932 = 0.068 = 6.8%

Residual variance of seasonal curve (Equation 7)

1.000 - 0.979 = 0.021 = 2.1%

Percentage of residual variance explained by the seasonalization

of the growth curve

6.8 - 2.1

6.8
= 0.691 = 69% 13)

- - -

,9:rowth

r2 & R2 0.932 0.979

K 0.670 0.713

to -0.501 -0.380

ts -- +0.184

C -- +-1.00

3) as estimated by fitting equation 9)
-.-- .--".----_..--_._- --- --. -
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That the seasonalization of the growth curve significantly improves

the fit may be demonstrated by testing the difference between the

two coefficients of determination by means of

.,
F =

(R21 - R22).(n - u1 - 1)

(1 - R21) . (U1 - u2)
14 )

(SACHS 1974,p. 354)

where n is the number of observations, R21 is the coefficient of

(multiple) determination pertaining to equation 12), u1 is the number

of independant variables in equation 12), while R22(= r22) the

coefficient of determination pertaining to equation 8), and u2 is

the number of independant variables~equation 8). In the present case,

n = 19, R21 = 0.979, u1 = 3, R22 = 0.932, and u2 = 1, which provide

an estimate of F = 23.31. With v1 = u1 - u2 = 2 and v2 = n - u1 = 14,

we can reject (at the 99.9% level of confidence) the null-hypothesis

of no differences between the R2 values.

Thus, as far as this example is concerned, the demonstration was made

that the use of a seasonally oscillating growth equation removes a

highly significant amount of variance over the amount removed by

the normal growth equation, hence also increases the accuracy of

prediction of length for age cmd 0f +he .grow -lh parameter esti-

mates. The value of C = 1.00, in addition, suggests that ~ esmarkii

is adapted to the temperature fluctuations of its habitats such

that its len.sth growth is completely halted only during a brief

period of the coldest month of the year. (Fig. 1). Note also that

ts + 0.5 = 0.684, which was defined as "winter point" does indeed fall

in the winter time (Fig. 1).

Example 2:

Data:

Demonstrating that tropical fishes may display a marked
seasonal growth pattern (Fig. 2)

Growth of Halfbeak Hemiramphus brasilienses, off
Florida, read off Fig. 5 in BERKELEY and HOUDE (1978)

age (months) LF (ern) age (mon ths ) LF (ern)

3 16.8 8 21.0

4 18.9 9 20.8

5 19.4 10 21.5

6 20.0 11 21.5

7 19.8 12 22.2



As Lmax = 31, in (Fig. 2 in BERKELEY and HOUDE 1978), L(oo) is set

at 32.5~0:~5' which provides the following parameter estimates
(with R2 = 0.988) :

K = 0.587

to = -1.024

ts = +0.253+)
C = +0.686+)

+) Note the conversion (see User Instruction, second part of program)

Example 3: Improving a preliminary value of L(~) and showing
limitations of the sine wave model (~ig. 2)

Data: Notropis atheneroides (Emeral shiner), year class: 1967
length-at-age data read off Fig. 4 in CAMPBELL &
MAC CRIMMON (1970)

The method produces (after about 30 min. of calculations) an improved

estimate of L(oo) = 11.2 (Fig. 2).

- 9

age (months) LF ( cm) !!.9:e (months) LF (cm)

13 22.5 18 25.5

14 23.2 21 26.4

15 23.6 24 26.4

16 25.0

age (y) LT (cm) age (y) LT (cm)

0.083 1.3 0.750 5.1

O. 167 3.1 0.833 5.1

0.250 4.3 0.917 5.5

0.333 4.9 1. 000 6.4

0.417 5.0 1 . 08 3 7.1
o . 500 5.0 1.167 7.8
0.583 5.1 1.250 8.3

0.667 5.1 1.333 8.5
trial values

R2
of L (00 )

K to ts C

10.0 0.993620 1 . 117 -0.013 0.088 1.49
12.0 0.995783 0.748 -0. 132 0.099 1. 35
11.0 0.996393 0.910 -0.083 0.094 1.40

11.5 0.996280 0.820 -0 . 1 10 0.096 1.37

11 .2 0.996411 0.871 -0.094 0.094 1.39
---- -------- ------------
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The value of C = 1.39 reveals, however, a problematic property of

the sine wave model: When the period when £E = 0 lasts for several
months - as in the present case - the model generates a value of

C) 1, corresponding to ~ ( 0, although the length-at-age data

themselves do not suggest any shrinkage. In the present case, a correc-

tive can be suggested, which consists of setting C = 1 ~ posteriori,

and using this value of C in conjunction with the estimates of the

other parameters obtained together with the value of C} 1. (Fig. 1).

Altern..tive models, such as a "switched growth model", which can be

used wh;n the situation ~~ = 0 persists over many months have been

published by several authors (PITCHER and McDONALD 1973, DAGET and

ECOUTIN 1976). However, our perusal of the seasonal growth hitherto

published suggested that conditions generating C ) 1 (prolonged period

of no growth) occur predominantly in fresh waters, while marine

conditions tend to generate values of C ~ 1 .
Another limitation of the sine wave model is that it can, in the

present form, in no case be applied to weight-at-age data. PITCHER and

McDONALD (1973) wrote:

"'l'hemain disadvantag(~of the sine: wave model is that it can

generate fish shrinkage during the winter (see above).

This is not realistic for fish length. However, it may be

of value when dealing with weights, which can easily
decrease. II

Our attempts to fit the model to weight-at-age data failed miserably,

and grossly unrealistic growth curves and parameter values were

generated. We consider this a general property of the model when

applied to weight-at-age data.

Example 4: A fish with hatching and growth periods that are out
of phase (Fig. 3)

Data: Macrorhamphosus scolopax (Snipefish), Great Meteor Sea
Mount, North Atlantic. EHRICH (1976, Table 3)

age (y) LT (em) age (y) LT ( cm)

0.25 3.7 1.10 9.7

0.30 6.0 1.25 10.6

0.50 8.7 1.50 11 .5

0.90 9.0 2.00 14.0

1.00 10.7
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EHRICH (1976) gives for these data the following growth parameters:

Loo=16.5, K~0.745 and to = -0.244; they were obtained by

non-linear regression (Fig. 3). The value of Loo, however, is conside-

rably lower than the value of Lmax = 19.2 reported by EHRICH (1976,

Table 1) from the Great Meteor Bank stock.

The iteration process outlined in Example 2 yields, on the other

hand, an improved estimate of L(OO) = 20.0, which is quite close

to ~~;~ = 20.2, hence probably more realistic than L~= 16.5.

Along with L(oo} = 20 cm went the following other parameter estimates:
K = 0.462, to = -0.507, ts = 0.482 and C = 0.90, R2 = 0.938

(Fig. 3)

A

BRETHES (1975) gives the following growth parameter estimates for a

Moroccan stock of M. scolopax : Loo~16.0, K-0.36. These values were

based on ageing by otoliths, which is unaffected by seasonal growth

oscillations. These values suggest that our estimate of K = 0.462

is closer to the true value than the previous, unseasonalized estimate

of K = 0.745, especially since there is, in all fish species an

inverse relationship between LQDand K values (PAULY 1979).

Hatching, in temperate fishes, occurs mainly

a) when food for the larvae becomes abundant (spring plankton bloom)

b} when temperature increases, which accelerates growth.

This pattern$ is examplified by our examples 1, 2 and 3. Clearly,

in the case of ~ scolopax, these two phenomena are out of phase,

and the fishes are hatched during a period of reduced growth (Fig. 3).

Thus, in spite of the probably limited accuracy of EHRICH's data,

(EHRICH 1976, p. 260 - 262) an interesting feature of ~ scolopax

could be brought to attention simply by seasonalizing the growth

curve. It remains to be demonstrated whether this feature is specific

to M. scolopax.

Example 5: Demonstrating the use of equation 14} for the estimation

of L(DO}

The following length-at-age data were produced by means of the growth

parameters L~= 100.0, K = 0.20 and to = o.

--- ------



age (y)

length (cm)

12

123 4 5 6 7 8 9

18.1 33.0 45.1 55.1 63.2 69.9 75.3 79.8 83.5

The most centrally

Thus, we have Lj =
i = 4 and obtain:

located length value is 63.2 (with t = 5).

63.2. We choose i as large as possible, i.e.

Lj + 4 = 83.5

and Lj - 4 = 18.1
These values, inserted into equation 14) produce a value of

L(oo) = 100.1
which is almost equal to the value used to generate the length-at-

age data.

If the data for the ages 4 to 9 were not available, we would have,

on the other hand, only Lj = 33.0, i = 1, with Lj+1 = 45.1 and

Lj-1 = 18.1. These values f used in conjunction \'lithequation 14)
produce

L(oo) = 97.4
which is still very close to the real value of Lm= 100.0.

Discussion

Several authors had preciously presented versions of the VBGF which

could be fitted to seasonal length-at-age data.

Growth in fishes is demonstrably a seasonally oscillating process,

and the non-consideration of this feature is likely to produce both

erroneous growth parameter estimates as well as misconception on the

character of the growth process itself.

Therefore, until an analytical model of fish growth can be proposed

which incorporates such seasonal variables as environmental tempera-

ture, food availability, migrations etc. a model should be used which

at least gives an adequate description of a growth curve. The model

proposed here does this job - within certain limits - and its para-

to estimate.
meters are eas)1

An advantage of this model over its predecessor is - besides the fact

that is is easy to fit - that the constants which define the growth

oscillations (ts and C) can be defined in biological terms.
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Thus ts can be understood as an estimator of the amount of out-of-

phaseness of hatching in relation to the phase of accelerated growth

(see example 4).

The parameter C, on the other hand, is very probably correlated with
J

the magnitude of the temperature fluctuation of the fish habitat

(= maximum minus minimum habitat temperature). This is illustrated by

More valuesof C, however, will have to be computed to obtain a reliable

quantitative relationship, which when established will allow for the

estimation of C for given temperature data. An understanding of the

relationship between C and temperature fluctuations, finally should

allow for a) improved growth curves, and

b) improved growth parameter estimationJQn~

c) an improved understanding of the relationship between

growth and temperature in general.
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Legends for the figures:

Fig. 1:

Fig. 2:

Fig. 3:

Growth of Trisopte'rus esmarkii, Scottish waters.
Empirical values: data of GORDON (1977)
Above: normal, unseasonalized Von BERTALANFFY curve
Below: seasonalized version of Von BERTALANFFY curve

Seasonal growth of Hemiramphus brasilien'sis (Florida)
and Notropis atheneroides (from a Canadian lake). Note that
the model, in the latter case does not fit well the pro-
longed period of no growth occuring between 0.4 and 0.8
years of age.

Growth of Macrorhamphosus scolopax, Meteor Sea ~lount, West
Africa.
Above: Growth data and curve as given in EHRICH (1977)
Below: Growth data fitted with seasonal growth curve.
Note that ~ scolopax hatches in a period of reduced growth
(as opposed to the three previous cases)

- -- ---
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TrisoQterus esmarkii
Scottish v.Jaters

L(cm)
15

10

5

L(aO).em
1S

10

S

o
a (=Apri1) 0.5

,to

L(00)=20.0 em
K = 0.670
t = -0.50 1
r2 = 0.932

L(oo}=20.0 em
K = 0.713

to =- 0.380
t s = 0.184
C = 1.00
R2 = 0.979

,
1.5

1
2.0 years



Fig. 2

LF (em)
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2
o

o (=April-May) 0.5

LT(em)
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10
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I.
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2
1
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Hemirham~h us brasi t iensis
Florida

L(co)=32.5
K : 0.587
to :- 1.02'
ts = 0.253
C = 0.686

1.0
1 .

2.0 years1.5

-

Notropis atheneroides
Lake Simcoel Canada

L(oo)=11.2
K = 0.871

to =-0.09I.
t s = 0.091.
C set: 1.00

(actually: 1.39)

1.0
I I

1.5 2.0 years

-- -
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Fig. 3
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Macrorharnphosus scoloQax
Meteor Seamount, NE-AtlanticLT"cm

16, Loo=16.S«Lmax(=19.2cm)

14 .

12

10I -

./'-
L 00 =16.5

8-1 K = 0.745

I /'
to = -0.244

6

4V
4j

2 . .
I

18
0

I
.

16

LT"cm
I

141

.

C412 12
.

10-i
..-;IIr L10.-- .

I
--/

8. -
L(Oo)=20.0

6-1 -/ K = 0.462
to = -0.507

4 ts = 0.482-
I

C = 0.90

2

0
o(=Jan.-Feb.)0.5 1.0 1.5 20 years
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STEP INSTRUCTIONS
INPUT

KEYS
OUTPUT

DATA/UNITS DATA/UNITS

I -II - I
.1 'R.ea..L:l$i..d.e_ i CLnd. Q. 0"" CArd. I L___J L__I

a..nd.. l" \ \a..l\"Z.e.. : 10 O-] L£J 10.00

- --_. -- .-.-.- --- .- --- ____5____ r -5- -, r--yr-, 100000.00

.-------- Lf_ J L Q,_J tOOOOO.OC

[----J I - J---- .

2- EV\ do..t<k. -;' t c- -t- ] [----1 tL __ _____

re.t lh'\t\.L o..l\ clo.to.. OJ'CL t Lt [ if] [- J L.t:- ---,
LG>o) [AJ C=J- n

Cl C-=l
3 oo.d, ':Ii.d.e.i o..t'\d..2. of ea.x--d...TI. Co\d. _'10 [_ L

-to US&" strL1C.'ho\'\s'Pa..x-tIT . [-:=J 1_ J
C:JC
[_ _JC1
[ -::J L_

N()ts [---:J C-I
1) In out out\"e. Wt.s abOu.t. l5 I - J [ ----- I,.-. -.-----

c.ond..s geX" do..ta... ..h.,0 let,. L- ] L=-J
2.) NotP +ha..t L(.oJ is d.. with C[

e.a..ch e.t of \I'\G\-t-h-oi o.q \la1'-Le.s. [_ [=-J
oJ oJ

[.-=-] C=J
CJCJ
r=J r=J
[ c=J
rCJ

CJ

c=J CJ
CJCJ
C::JCJ

-
L_Jc=J
CJCJ
1_ J c:J
c=J c=J
LJ I __J-
L-J
L --.J [=:J

[-- 11----l- - - _ _M_, ._ .____

I I L-=.J-.--.,-- .

[-:_-I L
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY EIHRY KEY CODE COMMENTS

001 *LBLQ 2J J6 11 RCLe 36 t3-..- -- e--'.-
CLR' 1&-5]_ .-..--.----.- x -35_
5T00 35 0 _ RCLS J' Q5_
sr04 J5 9+ _ 060 RetB 36 12_
5T07 35 07 _ x -35 --
sro, 35 09 + -55_

16-52-
-

P:S RCL4 36040_
CLRC 16-53 - RCUI 36 11 _
RAD 16-22 - x -35

010 RTtI 24 - .
t -55-

21 11 -
\I) -

Lh
.

RCLl 3601_
STOD 35 2f - r'\

r -t -55
-24-- v]

-
... p;s 16-5J_

-22 - E
----

c-- STOSCHS 010 35 135
1 81- 6' . f-------

'-- RCLA 36 11 -
-55 - : !--- --.

-35 -+ X
LN 32- x:r -.u.-

STOD 3514-- cQ} \SI ST04 35 tJf.-
x:.' -""1 - e. s:: of- -55-

020 SToe 35 13 - \J}5-: 5roD 3S 1i-
2 0Z - Q 4- P:S 11)-51-
x -35 - \J) RCL8 369S-
Pi 26-24 - d -- . RCLC 36 13-
)( -35 - -d Q)

080 X -J5-
SIN 4-1- -a.:1 IlCL7 36 07-

ReLC JG 13 - ... >. RClB 36U-':i'd£ d Q
X:y -41 - J - X -35-

Rele 36 13 - '" f $ + -55-
2 82 -

!ch J
RCL5 36 95-

030 )( -JS - RCL/I 3'11-
Pi 1()-24 - q) 1", x -35-V'-d-d 1ft
)( -35 - 01 Q) .,. -55-

cos 42-
oI(J'

KCL2 3602-J- ::> ..p
RCLD 36 14 - .) 090 + -55-
STt635-55 88 ----. cU 36"-
X2 53- RCtC 3613-

ST+!J 3S-55 93- )C -JS-
R* -3t - RCl8 3668-

r;SSD 231-1- IC'CLB 3612-
040 - -45- K -35-

STOE 35 15- t -55-
1':5 11)-51 - RCL6 366'-

RCL3 3663- RCL 3611-
RCLC 36 13 - 100 X -35-
X -35- + -55-

RCL2 366Z- RCLJ 36'3-
RClB 3612- + -55-
.x -35- p,:s 16-51-
'+ ...55- STOT 3587-

050 RCL1 36GU- RCtc 3613-
RCLA 3621- )( -35-

)( -35- x:r -4f
+ -5- ST06 35 96

CL0 3599- 110 RClB 36 12
of -55- x -35

RCL6 36 QG'- .,. -55
REGISTERS

0 Q..
1

bi
2

bt.
3 b 4 used.. 5 lJ sed.. 6 us.e.el 7 VStt4. 8 U se.cl 9 used..

SO C.O
81

c'1 S2 C. 83 C. 84 c,,,\ 85 5' 86 C, 87 c'7 88 C, 89 e?> g
A

V se.d... 18 11sed... Ie us
0

used.. IE USe.d. II Q.OUr\ \;e..r
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

--

ReLD 36 14 6 36 06 _
of -5'5 - 170 X -35_-
1 01_ RetE 36 15_

+ -55_ Cl7 3607_
j/X 52_ X -JS

5100 15 1._ p;S 16-51=
RCLe 36 J5_ 51-6 35-+586

120 X -35 I? -.31=
510£ 3S tS = 5T-5 35-4505
RCL7 36 07_ R -3J =

x -35 51-4 3S-fS 04-

SH3 35-55 03 = -
180 P:S J6-51

l?elE 36 15 RClDJ' J4 -
RCl6 3606- el6 3606-

x -JS- x -35-
ST2 35-5502 - STOE 35 15-
RelE 3' 15- RCLG 3606-

130 RCtS 36 0S- x -35-
x -35- RCLE 36 15-

STH 35-55 01 - Cl7 3607-
RClE 36 15- X -35-
RCl4 36 84 - 190 li'eLD 3624--

)( -35- Cl7 36 07-
SHe 35-55 119- >l2 5J-
RClD 3614- )( -35-
RCL4 36 04- p;:S t 6-51 -

x -35- ST-9 35-450j-
140 S10E 35 15- R -31-

RCL4 .36 134- 51-8 35-45 88-
x -35- R -31-

eCl!: J(; 15- 5T-7 35-45 07-
RCl5 3' 65'- 200 P:S 16-51 -

)( -35- I5Zr 162646-
RClE 36 15- "CLJ 36 46-
RCL6 3G 0'- r{1"N 24-

x -35- ..IBLD 2J 14-

RCL7 3607- 510C 3S 13-

150 P:S lG-51 - fU -31-
R -31- ST08 3512-

51-2 35-'15£12- r?oJ. -31-
RJ. -31- STOR 3511-

ST-1 35-45 e1- 210 IlCLD J6 14-
lU -31- I{CL0 36 09-

51-9 35-'15 08- «CL1 36 B1-
KJ. -31- RCLII 3' U-

RCtE 36 tS- x -35-
x -35- + -55-

160 5T-3 35-45 3- RCL2 36 02-
P:S 16-51- RClB 36 12-

RCLD 36 1'1- )C -35-
RClS 3605- -+ -5$-

x -35- 220 «CL3 36 83-
STOf 35 1- Rete 36 13-
RCL5 36 05- x -35-

x -35- + -55-
RCLE 36 1S- RTN 24-

LABELS FLAGS SET STATUS

A te B
C 10 E 0

eI'\ 'f' do. (1. FLAGS TRIG PISP
a b c d e 1 ON OFF
iV\\ btQ.\\"Z. o 0 'rg DEG 0 FIX B
0 1 2 3 4 2 1 o S GRAD 0 SCI 0

5 6 7 8 9 3 2 0 S RAD
3 0 H

- - --- -
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programTitlet\t-\:.i~<j SeJ),.~oY\o...\haS~l.\\a \:\f\<j 9,,"owlh da.t.a.. I
Name1)..J?AUL)' a..nd.. G.. l.1A<;;(!J-\UTZ DateJ" lJL'I l~19

.AddressI.n\:.e~iO~ ~t.e,r ~~ liVit'3 A'll.lA.tiC.~oljY'ee. M<U\~emU\t, f>.O.'Box l50lCitY~c;U;.\.._). M~_r.o ..fY\<l.r\(Lo... . . State?\.HL\PP\t'-lE~ Zip Code ~

Program Description, Equations. Variables, etc. ,\) G,,,w 0... f~rLvn.i,(\(U'rt \[a..\u.'! of L (Po) (0"- Loc:J)
_._Q,n~__~~~th~ Q:;l:4.~e. d$) -th~ jr-~~"'<Mn ('Port. J. t. .) ec;;t.~rno...\e.S-\:h~. yo.!~.$

oL_1:h~_'P-~e.h;i'$ ~_~ ~o) tS.D..r\d.. CL of \:.h~__ ~~07\ .

~ ~ ___ __. .-. ~{K(t-to) -T C . j;. ~V\ 2.1r.(t-t..') )
)_ __ _. !:t___ ~ L~ (1-~

~_, , .._ _h ._ . __

___Whi~_i~ <:\..._',(~$i()n Qf +h~ 'JCY\ £ex.W4..Y\t.r~ G\f"owlh ~0Y"fV'AALa..~l.likble, -to

.cks.c.cikj:h~ se.~qnQ..U1o~ci\~o.\;\f\~ \et\3th <j~oWth of a.nima1$) e..~. of ~\~hE.S.
. h__" _. _ ._. , ,..

2) J1L~e.W _~5bifl'\o..t:.\an~<;b<LSed.<m muLttpte ~3~S~\<tY\ Q.x\a.l~\S )-lh~

..cal~a.&i._ID\ Qf tk(,.. .r.~f3~S~tCn ~ftiC!ieJ1ts \$ 'o<1.S~d. on -t.h.~ .?"'~~r"<Y'Y1

~Mul.t;.~.~t~__~('€$~ Anal~~\' No. 605M) Hf' ~11?)7 U~~s'
libr'U'( (E,.u.r()~) by \Clf\O 'W~s\e..-lon<l. ~)' dd~-tin:? s~ OO~,/X.r\d..,>h~fs OtiJ..
Q*I_~ 'ffe.~t_~r?~lc1lY.\ M.K\_aJ~ be. us~d.. .tar -.>4t"io3 l'Y\ul-hf.\~ f'e~es... \\T'n

~uf~"'-~£~ it\'~lvi~~
.

_5jr}~ \Jo..V"i~es(Se.~<rf"<)~afl1~st,~), ~ $v<;h~e.s)

fh~..~ ~ of-t.hl$ f~0.:rQJV\ rY\O.j b~ v~eJ. 101" e.~t[mochf\5 1t~. Oh~_A1~s$:i<m_~Hiclenl:6. (a.,~'\1 ~.~ b~) ~ SWe.d. '" ~TP 0 to S10 ~) ] .
. ~

_3)Th~_lo..c~~..hU~_(lO ) u~ whe.o i~\baJ.\z.in<j MQj <p~ ~<f{~
___~~__<1Jly._.t4£~~ _t\.-.JrobeA- ()f S\f1'~\~ M~rt l~ .

~1l;::-~~r\""L~';";4 01\('( -\.h.. '(e.aK"QE.h ""\! Co.iJ ""'" -\:.. "fut. arr""fr w.k
~~~.s~{)ns \"(\~~b(. ~.farrf\~ w~ ~kc-i\'\3 -lii d-o.la...

Operating Limitsand Warnings1) _L(QO) - Lt. vnust oJ\JJ~ be 0...~irh'i(' hlJm~.

--- -- - --.2) 1he. "0.\\1£$ (){ t,\me. (GJj~) h\l1st aJwa..ys~
e.xf~s~e~ in. y~~ (J'f hc-t\ef"\ S th~V"~()f.

> -

.__ __,_.__ ._. __ u_
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9row\.h dat.~ If. c:~
K, to It.s.c,

- ---

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

CJCJ
S You. ho..'e.o1..eo..d. "l rea..d. '" 'S.ld..e. 1. <1..r\d. 2.- CJCJ

+In.i oV"oat'tl ,d... It not Jo \ to "-ow &I CJCJ I--. oJ

press "RAPII C=:JCJ

4 CA.\e..u..\aJ:.e.1{ [A] CJ R;i(.
CJCJ

5 \le. 't( n -\:c;. <1.r\d c... CEJ CJ K.
CJCJ b
c=J CJ t:.

. C=:JCJ C.
CJCJ

6 To e.Stl L the. I "'1" l'nrn!.-s.oondi-t\d. to d.. CJCJ
ai lien +, "al. ,f' .J , ..J

-cCoC) [A]' L(-o)m
... , c=J CJ

1 Then. I' I", Io..te. vra \11.0 o Li:,:. -t cr=JCJ , It
"( MU hp L I wi\\ e.4 in ot' CJCJ

\:0 ", te' . .J c=J CJdr-tlilJ 0.. eA.$<mo.1\" Oc.\\\oA:'\C\Q (!J.}N., J
CJCJ

B If L\:. Va15 4.X"e.-to I IaX.e.cL .1.1. ..l CJCJUU

6Vo".."-bs b.vl Y\0l e.n P.<6.ta. L , ",\:eJr. CJCJ\V\ -
n<1..H'; !:f0 I"w,

-' r
L(oO) [A]

K
Co ..CS=J
ts [Sm
C [£IaJ"CO

£1.¥\d. ao kD rt C=:JCJ
oJ

CJCJ
CJCJ

N.()te.C3. c=J CJ
i) Whe\'\ r evJ:.oot i r\+\"e. c==J CJ

tr(.ffisto-rrf\ C t1¥\J.. t,s j d.Ln 1c=J CJ
to \ .1 :\-iOf\ \1'\tp('-- ,/fi,-c;o-'Dt-..i 1r CJCJ , "' -

i) e.1-l_" O If'\ e.i L. CJCJ

vQ.la4!S L (I, OW\e4.<'I.{'7d. CJCJ

Vm"Ir1pAnta.n.... GV"&"Jth r.. (<1... CJCJ
,1- CJ c=J ",

CJ c=J
" ,

CJCJ. :;." ).
CJCJ
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY LtHflY KEy ClJDL COMMENTS-

!001 JtLBUI 21 12_ RCLA 36 11 _ i
3 03_ X -35_ !

6101 35 9-1_ _ _ Ra.D 16 14__ I-----.-.---
P:S 16-5J _ 0,,0 ___ CI15 36 95--

RCL7 36 97 _ )f -35_
RCl4 36 9" _ _ RCLE 36 15 _.x -35 - -45

36 IS-
-

RCL5 RCLB 36 12_
RCL5 36 05- )( -35_-

010 )( -35 - -4f5_-- -45 J(a.C 3613_
S10/1 3511= RCLA 3611_
RCL8 36 9 -35
RCL4 3684- 070 RCl6 3612=
x -35- RClB 36 12

RCL6 36 0- )C -35-
RCL5 36 95- - -45-

-35-
-

)( . -24
- -45- P:S 16-51

020 STOB 35 J2- 51"05 35 05"":'-
Cl9 36 89- P:5 16-51 =

RCL4 3604- RCLD .36 14_-
)( -35- RCLS 36_

RCL6 36 96"- 080 )( -35
RCl6 3G 80- RCLE 3615-
x -35- - -45-- -45- X::t -41-

5TOC 35 13- cl.8 36 12-
RCL4 36 94 - )( -35-

030 iCt.2 36 (12- - -45-
RCL1 360J- CLA 3611-
P';S 16-51-

---- --
of -2f-

RCL8 3608-
_._.+ --

P:S 16-51 --
X -35- 090 5106 35 96-

RCU 36 £12- RCL5 36 S-- -45- 16-5'1-
510D 35 1.4- RCl6 3G 96-

RJ. -31-
-

)( -3,5-
RCL8 36Q8- X:r -41-

040 x -35- RCL5 36 95-
RCL2 360Z- )( -35-

- -45- -t' -55-
X -35- J«;LD 36 14-

S10£ 3515-
-- ---

-t -55-1U0

RCL3 36 1t3- Cl..4 36 64--
RCLB 360B- -24-
P:S 1'-52 - CtiS -22-

RCL3 36 03-
f...---- -

P':S 16-51 -
x -35- STCl 3S91-

050 - -45- RCLI 3646-
RCL4 3694- RQ.4 36 G4 -

x. -35- - -45-
/\,CLD 36 J4- 1 91-
RCL6

-
-45-3666_ 110 - -

X -35 STOA 3S 11-
36 je-<I- -55 fi"CL0

REGISTERS
0 a. 1

61
2

b2.
3 b, 4used./K. 5USeA./t;" 6Used../ts 7IJse.d/e 8 Uo:. 9U

50 Co 51 c,j 52 e2,. 53 C?> 54 t4 55 C.5 56 c,,, 57 <:7 58 e-e 59 c.
A used- IB used..

Ie \Jse.d..
D

used..
IE

used..
11

Y\.
-- -
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

- - - - --- -

i I\'CL8 3608_ CHS -22_
X -35_ 170 TAN 16+3_

RCl7 36 87 _ Pi 16-24 _
RQ1 36 91 _ + -24 -

)( -35 2 92_-
-55 -24

RCL6 36 06= PRTX -14 -
120 RCL2 . 36 02_ ST06 3596-

x -35 Pi 16-24 =
.,. -5S- JC -.35

RCL5 3605= 2 92-
Cl3 36 03,_

180 " -35-
K -35 SIN 41-
of -55- RCL4 3694-

RCL8 36 08 - JC -35-
X2 53 - RCL3 56 03-

RCtI 3646= Pi 16-2+-
130 . -2.4 x -35-

5TOE 35 15- 2 82-- -45- )( -.55-
510D 3511=

- -24 -
RCl9 36 99 _ 190 l/X 5Z-
RCtE 36 15 _ PR:TX -14 -- -45 ST01 3587-
STOE 35 15 - RIM 24-

of -24- L8LC 2t 13-
ST08 35 12 - $108 3512.-

140 RCLE 3615- 3606-
RCLD 36 1tI- - -45-- -45- Pi 1'-24-
r(CU\ 36 11- )C -35-

. -2f- 200 2- 82-
STOC 35 13 - )C -35-
RCLD 3614- SIN 41-
RCl4 3604- RCL7 3687-

. -24- )( -35-
RCLC 3613- Pi 16-24 -

150 .:- -24- . -2" -
STOD 35 2i- 2 02-
RCLB 36 12-

- -24-
R7N 24- RCL4 36 94-

LE 2115- 210 JC -35-
: CU 3601- I?£LB 3CS12-

CtiS -22.- RCL5 36 95-
PRTX -14 - - -45-
5T04 35 94 - RCL4 36 94-
cHS -22- )C -35-

160 Rcte 3600- + -55-
X'r' -41- C'1S -22-
-r -2'1- eX 33-
c»s -22- CffS -22-
STOS 3505- 220 1 01-
PR7X -14- l' -5,5-
RCL3 36 en = RCLA 36 1'-
RCL2 3602_

I( -,35-
-T -2'1 R7N 21-

LABELS FLAGS SETSTATUS

A 1{,
B

C-v Lt D
\( to,t. C

0
FLAGS TRIG DISP

a b c d e 1 ON OFF
o 0 ug DEG 0 FIX 18

0 1 2 3 4 2 1 o 18 GRAD 0 SCI 0

6 8 9 3
2 0 RAD S

NG3 05 7 3 0 IS
-



--- - - ------
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ProgramTitleE:rh~ SeA.Sm'\oJ\~ ()-;c.i~{<l.-\\(\~_~('()w-th. doJ,av 1I
NameD. 1'AUL'{ (lftd G.. Gt\SC.HUTZ DateJUL.'i 1979

~ddressln~o.\1~Cenw_. fen..Llvit\~ Atuolk. ~(~ l'-'\~t) P.O. B<>x l~O'
CityM<lkAtL, _Me1r<> Mo.rula., Statef'~(L\f'PIN.E:S ZipCode

Program Description, Equations, Variables,etc. (~~ o..tc;.O ~ro~"'o..rY\ 1)e.COc..r'~Y~lO"Y\~)

--' -- ._.-_._-

~_'D.~_1:.i:I_~z..~ j~m~WA(J1'\ I th~_ yr()?1f"~ mQ..'( t\ot aJwo..'(s ~()~ pos,ti\fe.

~q.tl£,~~of _ c,. It. 0..t'\e.<jQ..'f\I4E!.Joltte. of ~ ($ enc.o<.Ukex~.<L, iJ-.e,
-toltDw'(\j -t;r<1.K\'5-Grcma:hlOl'\Ssh<ru..l<l be. Of~\ led.. :

c8 ~a.K\~e.- e h> i'C

.Md.- ..- b) a.dd. ~..5 -to -thE._ V0..tu£' or t s .

_.(&,5 \~~-.~si\~ ,,~'(\~~ by ~OOk.l(\~ od. ~u.o.tA{j(\s 1'Lc-) 12-d. Q.¥\d1~e..)___flithQ.u.gh th~-=bH() seh~ of ~Q.,r\J._ 5 "oJ~~ (o"'i~ir\~ Q.fld. ~~fffi~4.)

_~_~wvo.l~ ,'n -\:hw e,f.f'e~ ~n 0-. 9t"Ow~ <W,r\)(!.,& LlS~ ~ "'~. t~s-
~("~__ygJ~s_~~es he..{k,r Vl.!{:.h ~~ ae,-Hf\l"ti~ of e. g~v.U\. \0. ~~(J}1 to.

7) J~rc~r~ l{<J.6D5~5 (s~e. 5 ~ov~) mo..'( b~ used. suk>5~<J.erJtL'j -tv
-_ihi$--'Fr<l~('(1fl1itLobtQjn o...d.A.ai<roolStn..tL'St\c.S ~ -t.h~ tr\..,\t'r\~
_~i~

..

-,~ ~'t(.S'Slm'1
.

. . (~.g!) -to('\obtoc.lr'\~~ ~v,~tiO'Y\s Oftd. ~-vro~
~ ~ ~~<1!.SS~O'J'1~e..p-ri~-b;),

----"-

.. - . ,-

Operating Limits and Warnings 1)
-- --..

.- --------

- ,_. ---

. - ---.-

- -- 3)




