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ABSTRACT 

In this paper, surface photometry and dynamical properties of Lenticular galaxies will be developed and applied to 
NGC3245. In this respect, we established new relation between the intensity distribution I and the semi-major axis a 
Moreover, some basic statistics of both independent and the dependent variables of the relation are also given. In addi-
tion to the I(a) relation , the Sérsic r1/n model is applied for the intensity profile I(r) resulting in an estimation of the ef-
fective radius, re, and the surface brightness it encloses, µe. Both relations (I(a) and I(r)) are accurate as judged by the 
precision criteria which are: the probable errors for the coefficients , the estimated variance of the fit and the Q value 
(the square distance between the exact solution and the least square estimated solution) where all very satisfactory. 
Correlation coefficients between some parameters of the isophotes are also computed. Finally as examples of applica-
tions of surface photometry we determined the dynamical properties: mass, density, potential distributions, as well as 
distributions of escape and circular speeds in terms of Sérsic model. 
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1. Introduction 

Surface photometry is a bidimensional broadband tech-
nique to quantitatively describe the light distribution of ex-
tended objects like galaxies and HII regions. It is a tech-
nique rather than a distinct field of research. Reynolds [1] 
was the first one to try applying surface photometry on 
galaxies so it is considered as one of the oldest techniques in 
modern astronomy [2]. 

Surface photometry is extremely important since it helps 
us to get information on galactic colors and its implied ages 
and metallicity gradients [3], stellar populations [4-7], dust 
content and its extinction [5,8-11], and structure, forma-
tion and evolution of galaxies [12,13]. 

Surface photometry is usually based on fitting ellipses 
to the isophotes of galaxies especially for ellipticals and 
lenticulars whose their isophotes show little deviation from 
being perfect ellipses. Several software packages and tools 
can perform surface photometry; among them are GAL- 
PHOT [14], GASPHOT [15], GALFIT [16], GIM2D [17], 
and ISOPHOTE. 

The package that concerns us here is the ISOPHOTE. 
The ISOPHOTE’s principle task is the ELLIPSE task which 
does the essential role of fitting the elliptical isophotes to 
the galaxy image. In addition to ELLIPSE, ISOPHOTE 

includes some “parameter set” tasks that control the process 
of ELLIPSE execution and other tasks that test the EL-
LIPSE performance by examining its results. The algo-
rithm upon which ELLIPSE is based and how to deal 
with the various tasks is well described in [18] and [19]. 
The result of applying ELLIPSE task is a table containing 
the variation of many important quantities, like intensity, 
ellipse shape parameters, and Fourier coefficients which 
quantify the amount by which isophotes deviate from per-
fect ellipses, with semi-major axis. The most important 
parameter, on which we are interested here, is the inten-
sity distribution. The first goal of this paper, is the estab-
lishment of a new relation to describe the intensity pro-
file I(a), in contrast to the usual trials of describing I(r). 

On the other hand, intensity profile I(r) plays an im-
portant role in finding the distributions density, mass, and 
potential which play a key role in the understanding of 
the galactic dynamics. We will derive these dynamical 
properties in terms of intensity profile I(r), which is the 
second goal of this paper. This is done by fitting it by a 
suitable model. A number of models have been put to 
describe the relation I(r), easily obtained from I(a), the 
most accepted ones are the Sérsic model for bulges and 
the exponential law for disks. 
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In the present paper, we applied the surface photome-
try on the g-band image of the galaxy NGC 3245 obtained 
from the Sloan Digital Sky Survey (SDSS). The resulted 
data are shown in Appendix B. Its intensity profile is 
well fitted by the Sérsic model at n = 2.9, then , we Sub-
stituted by Sérsic formula in our derivations for dynami-
cal properties. 

NGC 3245 (UGC 5663) is a late S01 galaxy. It is com-
posed of an extremely bright, mildly active nucleus sur-
rounded by a lower-surface brightness (but still very bright), 
smooth lens ending with a diffuse, faint outer envelope. 
The nucleus is spherical while both the lens and the en-
velope have an E5-like flattened structure [20-22]. Jian 
Hu [23] suggested the coexistence of a central classical 
bulge and outer boxy bulge in this galaxy since he found 
it as a boxy one with bulge Sérsic index ~4. Using meas-
urements of surface brightness fluctuations, Tonry i [24] 
determined its distance modulus as 31.6 ± 0.20 (a dis-
tance of 20.9 Mpc) [25]. 

Section 2 describes the basic formulations including 
the linear least-square modeling of data and some basic sta-
tistics. Section 3 presents the new relation for I(a). Sec-
tion 4 gives a brief description on the Sérsic model and 
the results of fitting. In Section 5, we derive in detail various 
dynamical quantities in terms of I(r). The conclusion is 
given in Section 6. Finally, statistical analysis of ELLIPSE 
output data is shown in Appendix A. 

2. Basic Formulations 

2.1. Linear Model Analysis of Observational 
Data in the Sense of Least-Squares Criterion 

Let z be represented by the general linear model of the 
form 

i 1
 where  n

i ic  φ x
 φ s  are linearly independ-

ent functions of x. Let c be the vector of the exact values 
of the c's coefficients and  the least-squares estimators 
of c obtained from the solution of the normal equations 
of the form The coefficient matrix 

ĉ

ˆ .Gc b  n nG
λ
 is 

symmetric positive definite ,that is , all its eigen values i  
 are positive. Let  denotes the expec-

tation of f and 

;
i 1 ,2, ,n

2
 E f

  the variance of the fit, defined as: 

2 nq

N n
 


                (1) 

where 

  TT T
n

ˆ ˆq     y c y c  ,



        (2) 

N is the number of observations, y is the vector with 
elements k and has elements z Φ n N  ik i kΦ Φ x . 
The transpose of a vector or a matrix is indicated by the 
superscript “T”. According to the least-squares criterion, 
it could be shown that [26] 

1) The estimators  by the method of least-squares 
gives the minimum of . 

ĉ
qn

2) The estimators  of the parameters c, obtained by 
the method of least-squares are unbiased; i.e. 

ĉ
 ˆE .c c


 

3) The variance–covariance matrix  of the un- 
biased estimators  is given by: 

 ˆVar c
ĉ

  2 1ˆVar  c G             (3) 

4) The average squared distance between  and c is: ĉ

 
n

2 2

i 1 i

1
E L

λ




             (4) 

Finally it should be noted that if the precision is meas-
ured by the probable error   then 

0.6745                (5) 

2.2. Coefficient of Correlation 

A coefficient of correlation is a statistical measure of the 
degree to which two variables x and y (say) are related to 
each other. In case of a linear equation, the coefficient of 
correlation is (e.g. [27]) 

  
   2 22 2

N xy x y
R

N x x N y y

   


     
 (6) 

where 
1 R 1    

R 1   indicates that the two variables are totally corre-
lated, R = 0, no relationship between them, and R 1  
indicates that there is a trend between the two variables x 
and y. The sign of R indicates whether y is increasing or 
decreasing when x increasing, while its magnitude indi-
cates how well the linear approximation is. 

2.3. Some Basic Statistics 

For data analysis of the present paper we used some ba-
sic statistics of these are: 

1) Descriptive statistic; 2) Location Statistics; 3) Dis-
persion statistics; 4) Shape statistics. 

2.4. Autocorrelation 

Autocorrelation is important in time series analysis. Let 

k  be the autocorrelation at lag k. An estimate of  is 
[28]: 
ρ kρ

    
N k N

2

k t t k t
t 1 t 1

ρ x m x m x m



 

       (7) 

where m  is the mean of the data . 1 2 Nx ,x , ,x

3. New Relation between I and a of the 
Lenticular Galaxy NGC3245 

In what follows, new relation describing the intensity profile 
along the semi-major axis, I(a) for the lenticular galaxy 
NGC3245 will be established in the sense of least–squares 
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criterion of Section 2.1. The data used for this relation 
are the first two columns of Table I of Appendix B re-
sulted by applying the IRAF ELLIPSE task on the SDSS 
g-band image of the galaxy. 

Moreover, some basic statistics of independent vari-
able (a) and the dependent variable (I) of this relation are 
given in Appendix A. 

The relation and its error analysis are: 

3.1. The Fitted Equation 

  0.44
1 2Log I a = c + c  a . 

3.2. The c’s Coefficients and Their Probable 
Errors 

1c 4.05848 0.00774046 
c 0.290529 0.0008678  

 

2 29 . 

3.3. The Probable Error of the Fit 

0.0403227  . 

3.4. The Average Squared Distance between c 
and  ĉ

Q 0 133351 .000 . 

3.5. The Observed and Computed Data 
 

50 100 150 200 250 300 a

1

2

3

4
LogI

 

4. Sérsic Model 

The intensity distribution along the equivalent radius can 
be expressed by Sérsic model [29,30]  

 

1/n

n
e

r
b 1

r

eI r = I e

           

where re is the effective radius, the radius encloses half of 
the whole of the galaxy, Ie is the intensity at this radius, 
and bn can be given by the expression 

3
n 2

1 4 46
b = 2n + + + O(n ),n > 0.36.

3 405n 25515n
  

Detailed deduction and approximation of bn is dis-

cussed in Graham & Driver [31] ([32]). 
Starting by the above expression of I(r), Caon et al. 

[33] converted Sérsic’s equation to the following formula 
that describes the surface brightness distribution 

   

1 n

n
e

e

2.5 b r
μ r = μ + 1

ln 10 r

  
  
   

 

by using the formula 

  μ r = 2.5logI r   

hence, by definition, µe is the surface brightness at re. 
By fitting the intensity profile of the SDSS g-band 

image of NGC3245 by Sérsic model we found that the 
profile is well fitted at n = 2.9. 

Using the first three columns of Table I of Appendix 
B with  r = a 1 e  we get for fitting the intensity pro-
file I(r) by Sérsic model in the sense of least-squares cri-
terion of Section 2.1. the following: 
 
4.1. The Fitted Equation 

  1 n
1 2Log I r = c + c  r . 

4.2. The c’s Coefficients and Their Probable 
Errors 

1c 10.5735 0.0175424   

2c 1.44112 0.00353699.   

4.3. The Probable Error of the Fit 

0.0763589   

4.4. The Average Squared Distance between c 
and  ĉ

Q 0. 703915000  

4.5. The Observed and Computed Data 

 
 

1 2 3 4 5 6
r1n

2

4

6

8

Log r

n=2.9 
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From the values of c1 and c2, we get the effective radius 
re = 18.95″, whereas µe = 17.5578 mag/arcsec2. 
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5. Dynamical Properties 

The dynamical properties of galaxies can be easily ob-
tained if the intensity profile along radius I(r) is available. 
As I(r) is the main output from the surface photometry 
technique, distributions of properties like density, mass, 
potential, escape and circular velocities can be found as 
follows: 

5.1. Density Distribution 

The density distribution is given by 

   ρ r = γI r  

where γ is the mass to light ratio. 
Sérsic defined I(r) as 

 
 1 n

nb r r 1e

eI r = I e
      

If we defined k = bn/re
1/n and A = ebn, Sérsic equation 

can be written as 

  1 nk r
eI r = I A e  

Then, ρ(r) can be written as 

  1 nk r
eρ r = γI Ae  

5.2. Mass Distribution 

The mass enclosed by a given radius r is 

   
r

2

0

M r = 4π ρ r r dr   . 

Substituting by the formula of ρ(r) 

  1 n
r

kr 2
e

0

M r = 4πγI A e r dr   . 

Putting 1 n nr = R, r = R  , and , then M(r) 
becomes 

n 1dr = nR dR

 
R

k R 3n 1
e

0

M r = 4πnγI A e R dR  . 

Let us consider the general integral 
R

kR m
m

0

Q = e R dR . 

Integrating, by parts, we get. 

 m kR
m m

1
Q = R e + m Q

k


 1  

Substituting for Q0, Q1, Q2 , we can deduce the re-
lation 



 
m

m j k R
m j+1

j=0

m!
Q = R e ,

k m j !
 

  

going back to the initial values of R and m, the final mass 

descriptive equation is resulted. 

  1 n3n 1
3n 1 j kr

e j+1
j=0

(3n 1)!
M r = 4πnγI A r e .

k (3n 1 j)!


  

   

If n is a positive fraction , then we have to consider 
 n n 1   where [t] is the greatest integer  (for our 

case n is taken as 3). 
t

5.3. Distribution of Potential 

The potential in terms of ρ(r) is given by 

       
r

2

0 r

1
φ r = 4πG ρ r r' dr + ρ r r dr

r

 
      

 
   

where G is the gravitational constant.  can be re-
garded as 

 φ r

     1 2φ r φ r φ r   

where 
 

1

G M r
φ = ,

r


 

1 nK r
2 e

r

φ = 4πn G γ I A e r dr


     

by following similar integration steps as that done for 
mass, (r) equals 2φ

   
 

1/n
2n 1 j2n 1

krn
2 e j+1

j=0

2n 1 !
φ r = 4πnγGI A r e ,

k 2n 1 j !

 



   

substituting by both expressions of  and , the final 
equation of 

1φ 2φ
 φ r  is 

 
   

 
1 n

2n 1 j2n 1
krn

e j+1
j=0

   φ r

M r 2n 1 !
= G + 4πnγI A r e

r k 2n 1 j !

 
 

  
   


 

5.4. Distribution of Escape Speed 

The escape speed  ν r  is given by e

   eν r 2 φ r ,  

 φ rsubstitution by results in 

 

   
 

1
2

1 n

e

2n 1 j2n 1
krn

e j+1
j=0

   v r

M r 2n 1 !
= 2G +4πnγI A r e

r k 2n 1 j !

 


  
      


 

5.5. Distribution of Circular Speed 

 2
Cir

dφ
v r = r

dr
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by substituting for the expression of  and differen-
tiation, we get 

 φ r

   

 
 

 
 

2
Cir

GM r
v r =

r
2n3n 1

2n j
e j+1

j=0

3n 1 j 2n 1 j2n 1
n n

j+1
j=0

3n 1 ! k 3n 1 j
4πnGγ I r + r

n nk 3n 1 j !

2n 1 ! k 2n 1 j
+ r + r

n nk 2n 1 j !




   

 1 j

n

             

     
     





6. Conclusions 

ce photometry is applied on the len-
 3245 as a case study to resulting in

, we derived relations for
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ecision criteria based on linear least-squares
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Table 1. Autocorrelation of the semi-major axis. 

ρk k k ρk k ρk k ρk 

–0.3183 –0.0 227 122 0.3 39 83587 99297361 1 0 

–0.394222 188 –0.131955 127 0.31206 66 0.949162 5 

–0.402659 193 –0.163203 132 0.305844 71 0.898382 10 

–0.408841 198 –0.192908 137 0.261311 76 0.847719 15 

–0.709412 203 –0.221013 142 0.217667 81 0.797232 20 

–0.414204 208 –0.247458 147 0.174969 86 0.746978 25 

–0.41327 213 –0.272185 152 0.133277 91 0.697016 30 

–0.409846 218 –0.295136 157 0.0926473 96 0.647405 35 

–0.403874 223 –0.316252 162 0.0531398 101 0.598203 40 

–0.395297 228 –0.335475 167 0.0148125 106 0.549469 45 

–0.384055 233 –0.352747 172 –0.022276 111 0.50126 50 

–0.37009 238 –0.368009 177 –0.0580674 116 0.453635 55 

–0.353344 243 –0.381202 182 –0.0925933 121 0.406653 60 

ρk k 

–0.3244 49656 

–0.349296 249 

–0.306426 254 

–0.280387 259 

–0.251322 264 

–0.219172 269 

–0.183879 274 

–0.145383 279 

–0.103627 284 

–0.0585526 289 

0 50 100 150 200 250 300k

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1


k

Autocorrelation

 

–0.0101008 294 

Where ρk be the autocorrelation at the lag k. 
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Table 2. Autocorrelation of the intensity. 

ρk k ρk k ρk k ρk k 

–0.0474297 183 –0.0246142 122 0.0125471 61 1. 0 

–0.0487461 188 –0.026959 127 0.0083699 66 0.441885 5 

–0.0499393 193 –0.0293067 132 0.00464442 71 0.245792 10 

–0.0511356 198 –0.0316098 137 0.00126099 76 0.155706 15 

–0.0522734 203 –0.0337144 142 –0.00206778 81 0.111878 20 

–0.0533318 208 –0.0357281 147 –0.00522823 86 0.0883066 25 

–0.0543431 213 –0.0376733 152 –0.00823088 91 0.0713713 30 

–0.0553028 218 –0.0394688 157 0.0111305 96 0.0562395 35 

–0.0561869 223 –0.0411809 162 –0.0138366 101 0.0421513 40 

–0.056985 228 –0.0427993 167 –0.0166022 106 0.0313069 45 

–0.0577078 233 –0.0443547 172 –0.0191189 111 0.0238026 50 

–0.0583197 238 –0.0457752 177 –0.0216543 116 0.0182078 55 

–0.0588403 243 –0.0471521 182 –0.0241443 121 0.0134611 60 

ρk k 

–0.0589233 244 

0 50 100 150 200 250 300
k

-0.05

0

0.05

0.1


k

Autocorrelation

 

–0.0592187 249 

–0.0592089 254 

–0.0588486 259 

–0.058067 264 

–0.0569024 269 

–0.0551946 274 

–0.0522782 279 

–0.046794 284 

–0.0357456 289 

–0.00900998 294 

Wh k be the t the lag k. ere ρ  autocorrelation a
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Appendix B

Table I. Data resulted by ELLIPSE task. Shows the Detailed Distribution of the Intensity I, ellipticity e, and Position angle 
s resulted by The IRAF ELLIPSE task. Semi-major axis is described by pixels where 1 

 the SDSS. 

 

P.A. along the semi-major axis a, a
pixel = 0.396″ for

a (pixel) I (a) e P.A. a (pixel) I (a) e P.A. 

0.4556 –78.23 1 8648 0.1101 82.06 52 206 

2 7453 0.0.

–  

–  

0715 88.84 53 199 4517 –78 

3 6167 0.058 77.06 54 195 0.4555 –77.84 

4 5030 0.0414 77.06 55 190 0.4563 –77.9 

5 4155 0.0506 83.89 56 186 0.4575 –77.63 

6 3472 0.0729 89.14 57 181 0.4561 –77.41 

7 2988 0.1118 –85.04 58 177 0.4578 –77.44 

8 2590 0.1415 –83.35 59 174 0.4595 –77.39 

9 2264 0.1693 –81.97 60 170 0.4604 –77.18 

10 2005 0.1968 –81.45 61 167 0.4589 –77 

11 1783 0.216 –81.26 62 164 0.4607 –76.62 

12 1588 0.2314 –81.08 63 159 0.4577 76.55

13 1419 0.2435 –80.57 64 156 0.458 –76.96 

14 1272 0.2541 –80.56 65 152 0.4545 –77.14 

15 1148 0.2634 –80.34 66 150 0.4589 –77.1 

16 1047 0.2741 –80.24 67 147 0.4576 –77.19 

17 960 0.2831 –80.21 68 143 0.454 –77.43 

18 879 0.2897 –80.07 69 141 0.4553 –77.5 

19 809 0.2974 –80 70 139 0.4576 –77.38 

20 750 0.3055 –79.82 71 137 0.4587 –77.2 

21 706 0.3186 79.8272 133 0.4587 –77.05 

22 663 0.3285 –80.15 73 131 0.4611 –76.89 

23 628 0.3399 –80.08 74 129 0.4601 –76.86 

24 597 0.3492 –79.99 75 127 0.4612 –77.01 

25 567 0.3572 –79.73 76 125 0.4656 –77.1 

26 546 0.3714 –79.57 77 124 0.4686 –77.23 

27 528 0.386 –79.57 78 122 0.4695 –77.29 

28 511 0.3996 –79.57 79 118 0.4626 –77.19 

29 494 0.4106 –79.41 80 116 0.457 –77.23 

30 477 0.4199 –79.29 81 114 0.4584 –77.21 

31 461 0.4274 –79.31 82 112 0.461 –77.39 

32 446 0.4358 –79.34 83 111 0.4637 –77.4 

33 433 0.4443 –79.3 84 109 0.4656 –77.63 
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Continued 

34 420 0.4516 –79.24 85 108 0.4692 –77.7 

–77.61 35 405 0.4573 –79.09 86 106 0.4652 

36 391 0.4621 –78.98 87 103 0.4627 –77.96 

37 378 0.4673 –78.98 88 102 0.4624 –78.16 

38 365 0.4718 –78.9 89 100 0.4629 –78.08 

39 349 0.4708 –78.78 90 98.5 0.4647 –78.08 

40 334 0.4695 –78.69 91 96.3 0.4653 –78.1 

41 319 0.4684 –78.6 92 94.9 0.4621 –78.56 

42 304 0.4669 –78.56 93 93.8 0.4633 –79.04 

43 290 0.4663 –78.59 94 91.8 0.4629 –78.88 

44 278 0.4647 –78.82 95 89.6 0.4626 –78.66 

45 264 0.4591 –78.76 96 88.6 0.4642 –78.89 

46 253 0.4573 –78.6 97 87.3 0.4639 –79.21 

47 244 0.4587 –78.56 98 84.8 0.4618 –78.92 

48 234 0.4576 –78.51 99 82.7 0.4618 –78.92 

49 228 0.4603 –78.58 100 83.3 0.4719 –78.92 

50 219 0.4572 –78.37 101 81.6 0.4719 –78.76 

51 212 0.4544 –78.1 102 80.5 0.4742 –78.71 

103 78.9 0.4742 –78.6 154 26.9 0.463 –79.28 

104 77.3 0.4753 –78.45 155 26.1 0.4599 –78.91 

105 76.7 0.4793 –78.45 156 26.1 0.4643 –78.95 

106 75.4 0.4811 –78.61 157 25.4 0.4643 –78.95 

107 73.2 0.4786 –78.73 158 24.7 0.4643 –78.95 

108 71.9 0.4757 –78.24 159 24.3 0.4668 –78.77 

109 69.9 0.4732 –78.45 160 23.7 0.4634 –78.97 

110 68.3 0.4733 –78.62 161 23.4 0.4634 –79.53 

111 67.7 0.4768 –78.62 162 22.6 0.4634 –79.53 

112 67.2 0.481 –78.83 163 22.2 0.4642 –78.87 

113 66.4 0.4835 –78.77 164 21.7 0.4642 –78.87 

114 64.8 0.4835 –78.71 165 21.3 0.4605 –79.19 

115 64.1 0.4858 –78.78 166 20.5 0.4535 –79.19 

116 62.2 0.4825 –78.78 167 20.1 0.4535 –79.57 

117 61.3 0.484 –78.59 168 19.8 0.4535 –78.82 

118 60.7 0.4863 –78.46 169 19.2 0.4535 –78.82 
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Continued 

119 59.3 0.4855 –78.54 170 19.1 0.4557 –78.99 

–78.99 120 58.2 0.4844 –78.95 171 18.8 0.4557 

0  

121 56.7 0.4829 –78.93 172 18.5 0.4557 –78.99 

122 55.4 0.4822 –78.96 173 17.5 0.4456 –79.92 

123 54.3 0.4818 –78.87 174 17.3 0.4456 –78.74 

124 53.6 0.4826 –78.68 175 16.8 0.4456 –78.74 

125 52.8 0.4837 –78.68 176 16.4 0.4456 –78.74 

126 51.8 0.4842 –78.81 177 16.3 0.4486 –79.34 

127 50.4 0.4821 –78.87 178 16 0.4486 –79.34 

128 49.6 0.4836 –78.65 179 15.8 0.4486 –79.34 

129 48.9 0.4858 –78.63 180 15.5 0.4468 –79.74 

130 48.1 0.4868 –78.64 181 15.3 0.4468 –79.74 

131 47 0.4825 –78.95 182 15.1 0.4468 –79.74 

132 46.1 0.4831 –78.91 183 14.9 0.4468 –79.74 

133 45.1 0.4835 –78.87 184 14.7 0.4468 –78.98 

134 44 0.4829 –78.87 185 14.2 0.4468 –78.98 

135 42.8 0.4834 –78.91 186 13.7 0.4468 –78.98 

136 42.1 0.4854 –78.87 187 13.4 0.4354 –79.92 

137 40.7 0.4812 –78.79 188 13 0.4354 –79.92 

138 39.6 0.4796 –78.79 189 12.9 0.4364 –79.19 

139 38.6 0.4786 –78.96 190 12.3 0.4277 –79.19 

140 38 0.48 –78.98 191 12.6 0.4391 –79.19 

141 36.3 0.4732 –78.92 192 12.3 0.4344 –78.84 

142 35.9 .4766–78.92 193 12.5 0.4465 –79.35 

143 35.1 0.4767 –78.91 194 12.2 0.4465 –79.22 

144 34.7 0.477 –78.96 195 12.1 0.4465 –78.5 

145 33.9 0.477 –78.96 196 11.9 0.4465 –78.5 

146 32.9 0.477 –78.96 197 11.7 0.4362 –78.5 

147 32 0.4763 –78.96 198 11.5 0.4362 –78.5 

148 31.7 0.4762 –79.15 199 11.4 0.4362 –78.87 

149 30.8 0.4748 –79.3 200 11.1 0.4362 –78.87 

150 29.9 0.4716 –79.35 201 10.8 0.4362 –78.87 

151 29.3 0.4712 –79.38 202 10.8 0.4362 –78.87 

152 28.9 0.4712 –79.38 203 10.3 0.4362 –78.87 

153 28 0.4712 –79.28 204 10.4 0.4362 –78.87 

205 10.1 0.4346 –78.87 256 5.17 0.4163 –78.45 
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Continued 

206 9.84 0.4346 –78.87 257 5.07 0.4163 –78.45 

–78.79 207 9.81 0.4346 –78.87 258 4.93 0.4172 

0  

8.  

208 9.68 0.4341 –78.87 259 4.81 0.4172 –78.79 

209 9.37 0.4341 –78.87 260 4.6 0.3991 –77.78 

210 9.58 0.4403 –79.3 261 4.5 0.3991 –77.78 

211 9.41 0.4403 –79.3 262 4.77 0.4171 –78.99 

212 9.4 0.4403 –79.3 263 4.54 0.4089 –78.97 

213 9.09 0.4403 –79.3 264 4.67 0.4216 –78.17 

214 9.04 0.4403 –79.89 265 4.85 0.44 –78.17 

215 9 0.4443 –79.99 266 4.75 0.429 –78.17 

216 8.69 0.4443 –79.99 267 4.58 .4138–78.17 

217 290.4168 –80.14 268 4.3 0.4004 –77.39 

218 8.12 0.4168 –80.38 269 4.14 0.3926 –77.58 

219 8.18 0.4232 –78.45 270 4.89 0.4442 –80.18 

220 8.05 0.4232 –78.45 271 4.13 0.3903 –79.59 

221 8.03 0.4155 –78.98 272 4.38 0.4044 –79.59 

222 8.04 0.4326 –79.86 273 4.62 0.431 –79.59 

223 7.58 0.4169 –78.82 274 4.31 0.4269 –77.36 

224 7.66 0.4203 –78.82 275 4.1 0.4001 –79.57 

225 7.15 0.4038 –78.98 276 4.18 0.4063 –81.01 

226 7.56 0.4251 –78.4 277 4.04 0.4055 –80.35 

227 7.21 0.4138 –80.19 278 4.28 0.4084 –79.45 

228 7.15 0.4124 –79.74 279 3.7 0.3697 –76.21 

229 6.9 0.4124 –79.74 280 3.79 0.384 –76.94 

230 7.1 0.4188 –79.45 281 3.58 0.3752 –78.58 

231 6.94 0.4225 –78.45 282 4.27 0.4075 –77.87 

232 6.88 0.4234 –79.79 283 3.58 0.3776 –76.39 

233 6.87 0.4285 –78.04 284 3.77 0.3972 –78.32 

234 6.91 0.4286 –79.63 285 3.68 0.4029 –77.11 

235 6.5 0.4075 –78.64 286 3.83 0.4052 –78.07 

236 6.3 0.4075 –78.34 287 3.63 0.3765 –76.4 

237 6.07 0.4075 –78.34 288 3.36 0.3765 –79.28 

238 6.07 0.3999 –78.7 289 3.35 0.3765 –76.94 

239 6.3 0.4189 –78.7 290 3.68 0.4132 –79.06 
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Continued 

240 6.18 0.409 –78.7 291 3.78 0.4213 –79.47 

241 6.17 0.4142 –78.7 292 4.11 0.4213 –76.55 

242 5.92 0.4142 –78.45 293 3.57 0.4179 –80.49 

243 5.9 0.4138 –78.72 294 3.73 0.4179 –77.13 

244 5.73 0.4114 –78.72 295 3.18 0.39 –76.49 

245 5.68 0.4085 –78.72     

246 5.67 0.4113 –80.4     

247 5.42 0.4034 –79.02     

248 5.25 0.4034 –77.91     

249 5.49 0.4214 –77.25     

250 5.15 0.4042 –79.21     

251 5.13 0.4042 –79.21     

252 5.18 0.4146 –79.21     

253 5.08 0.4055 –81.1     

254 4.91 0.3872 –78.13     

255 5.14 0.4163 –78.45     

 


