Appendix A
Mathematical Form of theRequired Freight Rate

Rfr =

i4.08163 ~1077J2. +H0.191743 + 0.350025 Cb — 0.000139214 Ntd x1 x2 + 4.998 ~ 107 x1 x2 X3 -

0.0000461634 Cb x1 x2 x3LéH-0.3572 — 0.0187 x1L + @%}@%N

114000. + Ss+ 3817.27 Hx1 x2 x3L%-166567 + 700,174 Hx1 x2 x3L0>*3 + 230.286 Hx1 x2 x3L06516 +

178.724Hx1 x2 x3L°7%* + 3.04265 Hx1 x2 x3.19% + 1.50708 Ch Hx1 x2 x3L19%3 +
1.691 1.691
0.00282358]-8.3 + @N Hx1 x2 x3L19%% + 0.00139857 Ch J-8.3 + A@N Hx1 x2 x3L1-003 +

. . 1.691 0.85
3.13404£H1. +0.49532 CbL{l. +0.0009281-8.3+ A@N %Hxl X2 x3L1'003% +

HH5000.8 + 261.8 x1L x5L8H104.183 + H0.522657 — 0.350025 Chl x5 + x1H5.45417 +
H0.0374 + 0.000139214 Ntd x2 + H—4.998 ~ 1075 + 0.0000461634 CbL x2 x3L x5LL +
H2.03H0.3572 + 0.0187 x1L X1 x2 X3 x5L 8H104.183 + H0.522657 — 0.350025 ChL x5 + x115.45417 +
H0.0374 + 0.000139214 Ntd x2 + H—4.998 ~ 1075 + 0.0000461634 CbL x2 x3L x5LL +
H211418. AT c6H19.1016 + 1. x1L X5 £H748369. + H3754.34 — 2514.29 CbL X5 +
x1 H39178 3+ H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L x5LL —
1193.328 S Gl X1H19.1016 + 1. X1L X2 X551 & 748369, + #3754.34 — 2514.29 Chl x5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 CbL x2 3L X5LL +
H124.041 Cm*?2 x1H19.1016 + 1. x1L x2 X5%L £H748369. + H3754.34 — 2514.29 ChL X5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LL —
1160.187 S CH Cw x1H19.1016 + 1. X1 x2 X53I& 748369, + K3754.34 — 2514.29 Chl x5+
x1 H39178 3+H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L x5LL +
1565.838 € Gt X1H19.1016 + 1. X1L X2 X551 & H100. + x11°26 1748369, + H3754.34 — 2514.29 Chl.
X5 + x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LLL —
H363.047 Cm*2 x1119.1016 + 1. x1L x2 X53L 8HH100. + x1.°16 §748369. + H3754.34 — 2514.29 ChL
X5 + x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LLL +
1468.84 S CH Cw 11191016 + 1. x1L x2 X518
HH100. + x1L°16 H748369. + H3754.34 — 2514.29 ChL x5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChlL x2 x3L x5LLL +
1150262 € G x1#19,1016 + 1. x1L x22 X531 & kx4 H748369. + H3754.34 — 2514.29 Chl x5 +
x1 H39178 3+1268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L x5LLL —
14.39791 S G X1H19.1016 + 1. X1L x22 X511
HH100. + x1L0-16 x4 H748369. + H3754.34 — 2514.29 ChL X5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L x5LLL +
11149.27 ST X1119.1016 + 1. x1L x4 x5%11& #100. + x1L016 4748369, + H3754.34 — 2514.29 Chl

Printed by Mathematica for Students 106



x5 + x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LLL —
1392.666 ST x1#19.1016+ 1. x11 x4 x5%11 8 {748369. + H3754.34 — 2514.29 Chl X5 +
x1H39178.3 +1268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L x5LL +
H248.082 Cm*? x1#19.1016 + 1. x1L x4 X5 8 H748369. + H3754.34 — 2514.29 ChL X5 +
x1 H39178 3+H1268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LL —
1320.374 ST Cw x1#19.1016 + 1. X1L x4 X531 & 748369, + H3754.34 — 2514.29 ChL X5 +
x1H39178.3 +H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LL —
H726.093 Cm*? x1#19.1016 + 1. x1L x4 X531 8 HH100. + x1L°16 H748369. + H3754.34 — 2514.29 ChL
X5 + x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LLL +

1l
I937.688Cm Cw x1H19.1016 + 1. X1L x4 x5 &

HH100. + x1L°16 1748369. + H3754.34 — 2514.29 ChL x5 +
x1H39178.3 + H268.651 + 1. Ntd X2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LLL —

_W%m i 107961
0.4 o ) Fé x1H19.1016+ 1. x1LJ i;( BN XSET
{

HCMH90. — hal 13756512, 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. ChlL x2 x3L X5LLL +

{1.05063 ~ 10 c737813 Ccp aA{- 1.41435 Sl

HHOO. — hal>37%6512.25684 ~ 10° + H11321.9 — 7582.29 ChL x5 +
x1H118149. + 810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. ChL x2 x3L X5LLL —
K3110.69 ABT H19.1016 + 1. x1L x5>L HCb H2.25684 ~ 10° +H11321.9 — 7582.29 ChbL X5 +
x1H118149. + 1810.165 + 3.01567 Ntd X2 + H—0.108267 + 1. ChL X2 X3L X5LLL +

3 5~ LA SRS e 38~
66.4896 ABT Cb> a X1 H19.1016 + 1. x1L x5 g 1

{

H2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + #810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChL x2 x3L x5LL -

il ||||||
2 S0 1016+ 1. x1L x53€

{1662 24ABT cACh® &
{

§2.25684 ~ 10° +1#11321.9 - 7582.29 CbL x5 +

Printed by Mathematica for Students 107



x1H118149, + 810,165 + 3.01567 Nitd x2 + H—0.108267 + 1. Cbl x2 x3L X5LL +
H0104.46 ABT #19.1016 + 1. x1L X551 &
HCbH100. + x11%16 H2.25684 ~ 10° + H11321.9 — 7582.29 ChL x5 +
X1§118149. + K810.165 + 3.01567 Nt x2 + H-0.108267 + 1. Chl x2X3L 5L -
1578.353 Cb STI x1119.1016 + 1. X1L x2 X5*I6#2.25684 ~ 106 + K11321.9 — 7582.29 Cbl x5 +
x1H118149, + 810,165 + 3.01567 Nt x2 + H—0.108267 + 1. Cbl x2 x3L X5LL +

i —1.41435 SO BRI

=Yl AR .
i12.4617 cb* €Civi a “heRArTABTEE 132 119.1016 + 1. X1L X2 x53'é‘|

{
H2.25684 ~ 10° +H11321.9 — 7582.29 ChL X5 +
x1H118149. + #810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChL x2 x3L x5LL -

|||||||n -14143555\»»»»%&%%%
UM & “bRAETABTI2E v 1%2419.1016 + 1. x1L x2x53E

{311 541 c4 Cb*
{

H2.25684 ~ 10° +H11321.9 — 7582.29 CbL X5 +
x1H118149. + H810.165 + 3.01567 Ntd X2 + H-0.108267 + 1. ChL x2 x3L X5LL +

||||| ~1.41435 SO ETRNM L

111} AR .
{12 362 Ch> e """ i & “heRdrTABTEE 132 1419.1016 + 1. X1L X2 x53'é‘|

{
H2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. +#810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChL x2 x3L x5LL -

|||||||n -1.4143555%»%@%%% N
5 CEM 5 “hbSATABTI2E v 1%2119.1016 + 1. x1L x2x53-é‘|

{309 051c4Chb
{

H2.25684 ~ 10° +H11321.9 — 7582.29 CbL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CbL X2 x3L X5LL -

-LAL4SS SIS

x1%2119.1016 + 1. x1L x2 x53'é‘|

{7.99551 Ch* Cm*23
{

H2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. +#810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CbL x2 x3L x5LL +

RAAHR O
" X2x4

x132119.1016 + 1. x1L x2 x53'é‘|

{199 888c4 Ch* Cm*2a
{

H2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd X2 + H-0.108267 + 1. ChL x2 x3L X5LL +

b e||||||||| Cwé_l'41435$‘hb+x4+ABT X

x1¥2419.1016 + 1. x1L x2 x53'é i

{10 3254Cl
{

H2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + #810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChL x2 x3L x5LL -

2. e||||||ll

{258 1364 Ch x4 %2419 1016+ 1. x1L X2 x53'é i

{
§2.25684 ~ 10° +1#11321.9 - 7582.29 CbL x5 +

Printed by Mathematica for Students 108



x1H118149. + 810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CbL x2 x3L x5LL +
S
11692.74 Cb € Tift x1H19.1016 + 1. 1L x2 x5%4 &

HH100. + x1L°%6 12.25684 ~ 10° +H11321.9 — 7582.29 ChL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. ChL x2 3L X5LLL —

E ||||||||| —1.41435 S5l AR X
§ 0.0968568 Cb4 e ----- i 4 —hb+xd+ ABT x2x4 X1392 H19.1016 + 1. x1L X22 X53.é‘l

| {
HXAH2.25684 " 10 + H11321.9 — 7582.29 ChL X5 +
x1#118149, + 810,165 + 3.01567 Nitd x2 + H—0.108267 + 1. Cbl x2 X3L X5LLL +
1042142040t U &S TIEIIIES 132110 1016 + 1. xaL x22 x53'E‘|
1 {
HX4H2.25684 " 10° + H11321.9 — 7582.29 ChL X5 +
x1#118149, + #810.165 + 3.01567 Nt x2 + H-0.108267 + 1. Cbl x2 x3L X5LLL —
11156.71 Cb SCHI X1#19.1016+ 1. 1L x4 5> 8H2.25684 ~ 10° + H11321.9 — 7582.29 Chl x5+
x1H118149, + 810,165 + 3.01567 Nt x2 + H—0.108267 + 1. Cbl x2 x3L X5LL +

| ||||||||| _1'41435$WMMW )
i25 3107 cb* SEN 5 B R 19211101016+ 1 x1L x 4X53'E\'

{
H2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + #810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChL x2 x3L x5LL -

{632768c4co* S & B 1%2419.1016 + 1. x1L x4 x53'a i
1 {
12.25684” 10° + H11321.9 - 7582.29 Chi x5 +

X1H118149. + 810,165 + 3.01567 Ntd x2 + #-0.108267 + 1. Chl x2 x3L x5LL +

] W -1a1a3s SRR
{24.7241Cp> St a ATABTEE x1%2119.1016 + 1. X1L x4 x53'g‘|
1 {
12.25684 ~ 10° +#11321.9 - 7582.29 CbL X5 +
x11118149. + #810.165 + 3.01567 Ntd x2 + #-0.108267 + 1. CbL x2 x3L 5LL —

S 5 24 41321191016 + 1. x1L x4 x53'a‘|

{618 101 c4 Cb>
{

H2.25684 ~ 10° +H11321.9 — 7582.29 CbL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CbL X2 x3L X5LL —

it tork

x132119.1016 + 1. x1L x4 x53'g‘|

i15 991 Cb* Cm*2 &
{

H2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. +#810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CbL x2 x3L x5LL +

TORETREEE x1%2119.1016 + 1. x1L x4 x53'a‘|

{399.775c40b4- cm*23
{

§2.25684 ~ 10° +1#11321.9 - 7582.29 CbL x5 +

Printed by Mathematica for Students 109



x1H118149. +#810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CbL x2 x3L x5LL +

{20.6509 cpt SN oy g IR

X2xd

x1%¥2119.1016 + 1. x1L x4 x53'E i
{
H2.25684 ~ 10° +H11321.9 — 7582.29 ChL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CbL x2 x3L X5LL —

i A -1.41435$wmmm%mm )
i516.272 cach* €Cin cwa “heRArTABTEE %12 119.1016 + 1. X1L x4 x53'é‘|
{

H2.25684 ~ 106 +H11321.9 - 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CbL x2 3L x5LL +
13385.48 Cb S LI x1#19.1016 + 1. x1L x4 x5 &
HH100. + x 1116 H2.25684 ~ 108 + #11321.9 — 7582.29 CbL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChlL x2 x3L x5LLL +

H _agaﬁaﬁa@ﬁﬂmw
i886746,ABT1-5§ 18] 1101016+ 1. x1L x5

iH748369. +H3754.34 — 2514.29 CbL x5 +

x1H39178.3 +H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChbL x2 x3L x5LL

{3.77918 + 1.{

1.07961

x4
JWN H1. AT - 1.25Cmx2 X4LE +135.73ATc6
{

Printed by Mathematica for Students 110



X5% + 135.73{- 0.00205 - 0.00109545H—0.04 + 1. c4L Ch*

T &l
i + €T x110.453 + 0.4425 Cb - 0.2862 Cm + 0.3696 Cw —

) — sy
NHX2 + 2. X4 X5% + {569.292 ABTS 5 {4

X5

i10.1798i0.93+

x4 046106 T &l
J@@(N J W+~ Cm x1J0.453 + 0.4425Cb -
{
0.2862 Cm + 0.3696 Cw — M@&A@\MN Hx2 + 2. x4\ X52'§‘I

{

H3.63637 + 0.434294 L ogix1 XSDLZ'EE"O.ZE"OBG +

Printed by Mathematica for Students 111



907.529{x51—

Printed by Mathematica for Students

- AR

0.5 1%t

4 107961
JA@QN H1. AT - 1.25Cmx2x4Lg + 135.73 AT c6
{

X5% + 135.73{- 0.00205 - 0.00109545 H—0.04 + 1. c4L Cb*

L@l
+ €Tt x1J0.453 + 0.4425 Cb - 0.2862 Cm + 0.3696 Cw —

i — sy
NHX2 + 2. X4l X52 + 1569.292 ABTLS 3 1e4dem]

467 X9

ilo_:wggio_gg.,. [T .

prreeTam—.

o
~
[eF]
\‘
=y
=y
[e¢]
-
=
+
o
o
'_\
l_\
(@)
Q
Q

>

2

x4 046106 &l
JA@N J W+~ Cm x1J0.453 + 0.4425Cb -
{
0.2862 Cm + 0.3696 Cw — M@&A@\MN Hx2 + 2. x4\ X52'§‘I

{

H3.63637 + 0.434294 L ogix1 XSDLZ'EE"O.ZE"O.S +
U {

178933 100 c7378613 ch g

112



0.0713525x12 - 5.08183 c16 X1 x4 — 24.3584 X2 x4 —

8.90612 x4 HCh x1 x2 40333333 _ 1 41435 x1 x4
0.9 - R
il froa 0 cog

‘ x4 107961
M F le@N HL AT - 1.25Cmx2 x4Lg +
{

2 38 ABT @l
+ eC'r‘ﬁ' x1J0.453 + 0.4425 Cb - 0.2862 Cm + 0.3696 Cw —

— i

0.003467 X2 e
M@fm”mw Hx2 + 2. X4LN X5% + 1569.292ABT1-5 5 ldisi

i3.77918 +1.

i10.1798 i0.93 + i0.487118 H1.+ 0.011Csternl

0.121563 o 106806

0.36486

; A{)@Q NO.46106%% )3

Hx2 + 2. x4\ XSZ'E‘I H3.63637 + 0.434294 L ogix1 X5DL2'EE"O.2 +
{ {

12.2614{X5{—

J {1.78933 7100 73788 chan

Printed by Mathematica for Students 113



0.0713525x12 - 5.08183 c16 X1 x4 — 24.3584 X2 x4 —

8.90612 x4 HCh x1 x2 40333333 _ 1 41435 x1 x4
0.9 - R
i) f+oa 1 cog

Cn x4 107961
iR F le@N HL AT - 1.25Cmx2 x4Lg +
{

"a

2 38 ABT @l
JWW + eC'r‘ﬁ' x1J0.453 + 0.4425 Cb - 0.2862 Cm + 0.3696 Cw —

— i

0.003467 x2 AR
M@me Hx2 + 2. XALN X5 + 1569.292ABT1-5 5 lurdibinsl

i3.77918 +1

i10.1798 i0.93 + i0.487118 H1.+ 0.011Csternl

‘ 0.121563 o 106806

0.36486

; @@ N0.46106éé )3

Hx2 + 2. x4\ XSZ'E‘I H3.63637 + 0.434294 L ogix1 X5DL2'EE"O.6 +
. { i
16577.86 e%m x1H19.1016 + 1. x1L X2 x5 & H748369. + H3754.34 — 2514.29 ChL x5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 CbL x2 x3L x5LL
H3.63637 + 0.434294 L ogix1 X50LZL —
H4220.42 Cm*2 x1H19.1016 + 1. X1L X2 X5>L £ HH748369. + H3754.34 — 2514.29 ChL x5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L x5LL

Printed by Mathematica for Students 114



H3.63637 +0.434294 L ogix1 X501 +
15450.27 S Gl Cw x1H19.1016 + 1. X1L X2 X528
HH748369. + H3754.34 — 2514.29 ChL X5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L x5LL
H3.63637 +0.434294 L ogix1 X50L*L —
1511257 ST x1H19.1016 + 1. x1L x22 X534 &
Hx4H748369. + H3754.34 — 2514.29 CbL X5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LL
H3.63637 +0.434294 L ogix1 X501 +
113360.2 Sl x1H19.1016 + 1. X1L x4 X528
HH748369. + H3754.34 — 2514.29 ChL x5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LL
H3.63637 + 0.434294 L ogix1 x5L%L —
K8440.83 Cm*?2 x1119.1016 + 1. X1L x4 X531 & HH748369. + H3754.34 — 2514.29 ChbL X5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LL
H3.63637 + 0.434294 Logix1 X5DLZL +
120900.5 ST Cw x1H19.1016 + 1. x1L x4 X511
HH748369. + H3754.34 — 2514.29 ChL X5 +
x1H39178.3 + H268.651 + 1. Ntd x2 + H—0.0359016 + 0.331601 ChL x2 x3L X5LL
K3.63637 + 0.434294 L oglix1 x5DL%L + H105839. ABT H19.1016 + 1. x1L x5>Lé
HCbH2.25684 ~ 10° + H11321.9 - 7582.29 CbL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CblL x2 x3L X5LL
H3.63637 + 0.434294 L ogix1 X501 +
119678.1 Cb ST x1419.1016 + 1. x1L x2 x5>&
Hi2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CblL x2 x3L X5LL
H3.63637 + 0.434294 L ogix1 X501 +
139356.2 Cb SCiMl x1419.1016 + 1. x1L x4 x5>&
Hi2.25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CblL x2 x3L X5LL

H3.63637 + 0.434294 L ogix1 x50L%L +

0.121563 1.06806

i55436.8 ABTH19.1016 + 1. le{ J *;( N

0.36486

[t @@ng

HCbH1. — CpL060247 2 25684~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CblL x2 x3L X5LL
H3.63637 + 0.434294 L ogix1 x50L%L +

: - 0.121563
i609.805 ABT Csterni19.1016 + 1. XlLi<

X2 1.06806 : 2. x4 0.46106
JA@@N i . J@N x53-§‘|
X X

{
HCbH1. — CpL060%47 2 25684~ 10° +H11321.9 — 7582.29 ChL X5 +

0.36486

Printed by Mathematica for Students 115



x1H118149. +H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChL x2 x3L x5LL
K3.63637 + 0.434294 | ogix1 x50L%L +
0.121563

X2

- e i
10390.1 ~Cimi x1H19.1016 + 1. x1L
2. 036486 ., 046106
{ X

X2 1.06806 :
JA@N {
{

HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L ogix1 X521 +

: . 0.121563
S
i10307.1 Cb €Tt x1#19.1016+ 1. x1L

1.06806 &

X2 Cox12 oy x4 0.46106
x2 I8N #{ ¢ J@@«’N x53'§‘|
X XZ X { X

HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X50L%L —

0.121563
X2

i6666.39 Cm*2x1#19.1016 + 1. lei
2. 036486 ., 046106
} J @ N x53'§ i
{ X

X2 1.06806 :
JA@N {
{

HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 - 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X502 L +

X

: . 0.121563
S
ill4.291 CTifi Csternx1#19.1016 + 1. x1L

X2 1.06806 = ‘ x4 0.46106
x2 J g #( J@@«’N x53'é‘|
X X
{
HH1. — CpLO60247 42 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL

K3.63637 + 0.434294 | ogix1 x50L%L +

0.121563

i

| S [
i113.378 Cb €Cif Csternx119.1016 + 1. XlLi

1.-Cp+

X2 1.06806 : Cox]2 oy x4 0.46106
x2 J 0N #{ ‘ J@@«’N x53'é‘|
X XZ X { X {

HH1. — CpLO60247 42 25684 ~ 10° +H11321.9 - 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X50L%L —

Printed by Mathematica for Students 116



0.121563

X2 1.06806 :
x2 JiEN #(
X

HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 - 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L ogix1 X521 +
0.121563

i
i8609 01 eCm Cwx1H19.1016 + 1. x1L

X2 1.06806 :
x2 I #(
X

HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L ogix1 X502 L +
0.121563

Il i
i94 6991 eCm CsternCw x1H19.1016 + 1. x1L

x4 0.46106
J@«'N x53'§‘|
{
HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +

x1H118149. +H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. ChL x2 x3L x5LL
K3.63637 + 0.434294 |ogix1 x50L%L —

X2 1.06806 :
x2 JigN #(
X

0.121563

™ {

an

iso 7561 ~ Cifi H19.1016 + 1. x 1L 4 A
2. 036486 , 046106
¢ J@N X53'§‘|
x2x4{ X

X2 0.06806 =
J@@N {
{

HH1. — CpLO60?47 x4 12 25684 ~ 10° + H11321.9 - 7582.29 ChL X5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X50L%L —

: 0.121563
S "
i0.888317 €Tif Cstern19.1016 + 1. lei

XD 006806 0 36486 4 046106
X23J|| N ilmml i J IR N X53§
X XZX {

{
HH1. — CpLO60%47 x4 12 25684 ~ 10° + H11321.9 - 7582.29 ChL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X521 +
0.121563

Il |
ileOS 3 eCm x1H19.1016 + 1. x1L

Printed by Mathematica for Students 117



o 106806 . q2 036486 w4 046106
J@@N { x4 J [N x53'§‘|
X X
{
HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 - 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. ChL x2 x3L x5LL
K3.63637 + 0.434294 | ogix1 x50L%L +

0.121563

Yl i
i20614.1 Cb SCii x1#19.1016 + 1. lei
0.36486 0.46106
x4 JHHaN x53'§ i

1.-Cp+
X2 1.06806 :
J@@N {
{

HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 - 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X50L%L —

XX{

0.121563

i13332-8 Cm*2 x1#19.1016 + 1. XlLi
2 036486, 046106
X4J';(' AN x53-§‘|

X2 1.06806 :
J@@N {
{

HH1. — CpLO60247 42 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X521 +

X

0.121563
el

i232.136 Cin Csternx1H19.1016+ 1. x1L
2. 036486 ) 046106
x4] ';(' AN x53-§‘|

X2 1.06806 :
J@@N {
{

HH1. — CpLO60%47 42 25684 ~ 10° +H11321.9 — 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L ogix1 X502 L +

XX{

. . 0.121563
S
226.755 CbeCFﬁ' Csternx1419.1016 + 1. x1L ‘ / é
1.-Cp+ " {
o 106806 . q2. 036486 w4 046106
J@@N { x4 J N x53'§‘|
X X2x4{ X {

HH1. — CpLO60247 42 25684 ~ 10° +H11321.9 - 7582.29 ChL x5 +
x1#118149. + H810.165 + 3.01567 Ntd x2 + H—0.108267 + 1. CblL x2 x3L x5LL
H3.63637 + 0.434294 L oglix1 X50L%L —
0.121563

i146-661 Cm™2 Csternx119.1016 + 1. XlLi

X2 1.06806 :
J@@N {
X

2 036486 ., 046106
x4 J RGN X53_
X

-/

{

Printed by Mathematica for Students 118



HH1. — CpLO-60247 42 25684 ~ 10° + H11321.9 — 7582.29 CbL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CblL x2 x3L x5LL

H3.63637 + 0.434294 L ogix1 x50L%L +

: . 0.121563
=
i17218. €Tin cwx1#19.1016+ 1. x1L

¥2 106806 0.36486 0.46106

JHHEN 12§ 4J‘X4N
G uigl ol

HH1. — CpLO60247 42 25684 ~ 10° + H11321.9 — 7582.29 ChL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CblL x2 x3L X5LL
H3.63637 + 0.434294 L ogfix1 x50L%L +

x53'§‘|

0.121563

i =YL i
i189.398 €Cifi Cstern Cw x1419.1016 + 1. lei

1.-Cp+
¥ 1088067 g §0-36486 x4 046106 35
JWN J(W{ x4JWN x5 '{ ]

HH1. — CpLO60247 42 25684 ~ 10° + H11321.9 — 7582.29 CbL X5 +
x1H118149. + H810.165 + 3.01567 Ntd x2 + H-0.108267 + 1. CblL x2 x3L x5LL

K3.63637 + 0.434294 L ogfix1 x50L* LEE 1

{
H-828.33 + 0.601404 Ntd x1 x2 — 0.0215914

x1

X2

X3+

Cb
H-1512.11+
0.199426 x1 x2 x3LL

Printed by Mathematica for Students 119



Appendix B

Mathematical Form of the Displacement Weight Equality
Constraint
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Appendix C

Mathematical Form of the Constraint ontheM etacentric Height
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Appendix D
M athematical Form of the Constraint ontheRolling Period
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M athematical For m of the Resistance
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Appendix G
M athematical Form of the Shaft Hor sepower
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Appendix H
Mathematical Form of theLightship Weight
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Mathematical Form of the Center of Gravity of Lightship
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Appendix J
Mathematical Form of theFuel Weight
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Appendix K

Mathematical Form of the Center of Gravity
of the Fuel Weight
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Appendix L

Mathematical Form of theCargoWeight
and ItsCenter of Gravity
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Appendix M
Mathematical Form of the Total Weight
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Appendix N

Mathematical Form of theCenter of Gravity of
theTotal Weight
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Appendix O

Mathematical Form of the Annual Building Cost
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Appendix P
Mathematical Form of the Annual Operating Cost

Aoc =
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AppendixQ
Mathematical Form of the Annual Fuel Cost
Afc =
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Appendix R
Mathematical Form of the Annual Average Cost
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