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The derivation of equations in this paper can be readily accomplished with Mathematica
(Wolfram Research, Champaign, IL). The following shows input and raw output from

Mathematica 4.1.

Equation [5]

Input:

Simplify[Solve[{KDl == R+ LS/ RLS, RT == R+ RLS, LST == LS + RLS, FSB== 1- LS/ LST}, RT, {R, LS, RLS}]]

Output:
FSB (-KD1 - LST + FSB LST)
{RT N }
1+ FSB

Equation [6]

Input:

Simplify[Solve[{KD1 == R+ LS/ RLS, RT == R+ RLS, LST == LS + RLS, FSB== 1- LS/ IST}, FSB, {R, LS, RLS}]]
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Output:

KD1 + LST + RT - v/ -4 LSTRT + (KD1 + LST + RT) 2 }
4

{FSB > e

KD1 + LST + RT + v/ -4 LSTRT + (KD1 + LST + RT) 2 }

{FSB > e

(Note that only the first root has physical meaning.)

Equation [8]

Input:

Simplify[Solve[{KDl-=: R+ LS/ RLS, RT == R+ RLS, LST =: LS + RLS+ NS* LS, FSB=: 1 - LS/ LST}, RT, {R, LS, RLS}]]

Output:

(KD1 + LST - FSBLST) (FSB - NS + FSB NS) }

{RTﬁf ~1+FSB

Equation [9]

Input:

Simplify[Solve[{KDl == R+ LS/ RLS, RT == R+ RLS, LST == LS + RLS+ NS LS, FSB=: 1 - LS/ LST}, FSB, {R, LS, RLS}]]

Output:

KD1 + LST + KDI NS + 2 LSTNS + RT+ +/ KD12 (1 +NS)2 + (LST- RT)2 + 2KD1 (1 + NS) (LST + RT) }
4

{FSB»
21ST (1 + NS)

KD1 + LST + KDL NS + 2 LSTNS + RT - +/ KD12 (1 +NS)2 + (LST- RT)2+ 2KD1 (1 +NS) (LST + RT) }

{FSB%
2 1ST (1 + NS)

(Note that only the second root has physical meaning.)
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Equation [12]

Input:

Simplify[Solve[{KDlA== R+ LS/ RLS, RT == R+ RLS, LST == LS + RLS, FSBA:- 1 - IS / LST, FSBA=: (1 + NS) + FSB- NS},
RT, {FSBA, R, LS, RLS}]]

Output:

(FSB- NS + FSBNS) (-KD1A + (-1 + FSB) LST (1 + NS)) }

{RT»
(-1+ FSB) (1 +NS)

Equation [16]

Input:

Simplify[Solve[{KDl == R+ LS/ RLS, KD2 == R+ L./ RL, RT == R+ RLS+ RL, LST == IS + RLS, LT == L+ RL, FSB=- 1 - LS/ LST}, LT,
{RI Isl RISI LI RL}]]

Output:

{LT (FSB (KD1 - KD2) + KD2) (FSB? LST + RT - FSB (KD1 + LST + RT) ) }
o

(-1 + FSB) FSBKD1

Equation [19]

Input:

Simplify[Solve[{KDl == R+ LS/ RLS, KD2 = R* L/ RL, RT== R+ RIS+ RL, LST == IS+ RLS, LT == L+ RL+ N« L,
FSB== 1- LS/ LST}, 1T, {R, LS, RLS, L, RL}]]

Output:

(KD2 (1 +N) + FSB (KD1 - KD2 (1 +N))) (FSB? LST + RT - FSB (KD1 + LST +RT)) }
(-1 + FSB) FSBKD1

{LT 5
Equation [27]

Input:

Simplify[Solve[{KDl == R LS/ RLS, KD2 == R+ L/ RL,, KD3 == RL+ LS/ RLLS, KD2 %+ KD3/ KD1 == RLS + L/ RLLS,
RT == R+ RLS + RL + RILS, LST=- LS+ RLS + RLLS, LT == L+ RL+ RLLS, FSB == 1 - LS/ ILST}, LT, {R, LS, RLS, L, RL,, RILS}]]
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Output:

(LT > - ((FSB® LST + RT - FSB (KDL + LST+ RT)) (- (- 1+ FSB) KD2 KD3Z + KD1
((-1+ FSB) KD2 KD3 + (KD3 + LST - FSBLST) (~FSB” LST - RT+ FSB (KD3 + LST+RT))))) /
((-1+ FSB) KD1 (KDl - KD3) (FSB® LST + RT - FSB (KD3 + LST + RT) ) ) }

Equation [30]

Input:

Simplify[Solve[{KDL == R+ LS/ RLS, KD2 == R+ L/ RL, KD3 == RL+ LS/ RLLS, KD2+ KD3/ KDl == RLS+ L/ RLLS,
RT == R+ RIS + RL + RILS, LST == LS+ RLS + RILS, LT == L+ RL+ RIIS + N% L, FSB = 1 - LS/ LST}, LT, {R, LS, RIS, L, RL, RIIS}]]

Output:

(LT > - ((FSB® LST + RT - FSB (KD1 + LST + RT) )
(- (-1 + FSB) KD2 KD3% (1 + N) + KDL ( (-1 + FSB) KD2KD3 (1+N) +
(KD3 + LST - FSBLST) (-FSB? LST - RT+ FSB (KD3 + LST+RT))))) /
((-1 + FSB) KDL (KD1 - KD3) (FSB? LST + RT - FSB (KD3 + LST +RT) ) ) }

Equation [43]
Input:
Simplify[Solve[ ( (KDl - KD2) % FSB + KD2) » (LST+ FSB*2 - (KD1 + LST+ RT) * FSB + RT) / ((1 - FSB) * FSB% KD1) == LT, RT]]

Output:

(RT > (FSB (FSB® (KDl - KD2) LST - KD2 LST - KD1 (KD2 + LT) +
FSB (-KD1% + 2 KD2 LST + KD1 (KD2 - LST+ LT)))) / ( (-1 + FSB) (FSB (KDl - KD2) + KD2)) }

Equation [44]
Input:

Simplify[D[ ( (KD1- KD2) * FSB + KD2) * (LST+ FSB*2 - (KD1 + LST+ RT) * FSB+ RT) / ((1 - FSB) + FSB* KD1) , FSB] ]
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Output:

1
(-1 + FSB)2 FSB2KD1
FSB? (“KD1 + KD2) LST - KD2 RT + 2 FSBKD2 RT - FSB? (KD1Z + KD1 LST + KD2 (~LST + RT)))

(2 FSB® (KD1 - KD2) LST +

Input:

RT - (FSB (FSB? (KDL - KD2) LST- KD2 LST - KD1 (KD2 + LT) + FSB (-KD1? + 2 KD2 LST + KD1 (KD2- LST + LT) ) )) /
((-1+ FSB) (FSB (KDl - KD2) + KD2))

1

Simpli

ety | 1 Fem) 7 e vl

(2 FSB® (KD1 - KD2) LST+ FSB* (-KD1 + KD2) LST - KD2 RT + 2 FSB KD2 RT -
FSB® (KD1? + KD1 LST + KD2 (-LST + RT) ) ) |

Output:

_ (FSB* (KD1 - KD2)? LST - 2 FSB®> (KD1° - 3 KD1 KD2 + 2 KD2%) LST + KD2 (KD2 LST + KD1 (KD2 + LT) ) +
FSB? (KD1° + 6 KD2° LST + KD1° (-2 KD2 + LST) + KD1 KD2 (KD2 - 6 LST + LT) ) +
2 FSBKD2 (KD1? - 2 KD2 LST - KD1 (KD2 - LST + LT) ) ) /
((-1+ FSB)? FSBKDL (FSB (KDl - KD2) + KD2))

Equation [46]

Input:

FullSimplify[
|
- (FsB* (¥D1 - KD2)? LST - 2 FSB® (KD1? - 3 KD1 KD2 + 2 KD2?) LST + KD2 (KD2 LST + KD1 (KD2 + LT)) +
FSB? (KD1% + 6 KD2° LST+ KD1° (-2 KD2 + LST) + KD1 KD2 (KD2 - 6 LST + LT) ) +
2 FSBKD2 (KD1? - 2 KD2 LST - KD1 (KD2 - LST + LT) ) ) / ( (-1 + FSB)? FSBKD1 (FSB (KD1 - KD2) + KD2) ) , FSB] == 0]

Output:

((FSB (KD1 - KD2) + KD2)? (KD1 (2 FSB® (KDL - KD2) - KD2 + 3 FSBKD2) + (-1 + FSB) >KD2 LST) +

(-1 + F'SB) *KD1 KD2 (2 FSB (KD1 - KD2) + KD2) LT) /
((-1+ FSB) > FSB? KD1 (FSB (KD1 - KD2) + KD2)?) == 0

(Note that a necessary condition is that the numerator equals zero. It can be shown that
numerator and denominator cannot be simultaneously zero under the physical restraints imposed

on the variables.)
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Equation [51]

Input:

Simplify[Solve[{KDl == R+ LS/ RLS, KD2 == R+ L/ R, RT == R+ RLS+ RL, LST == LS + RLS, LT == L+ RL, FSB== 1 - LS/ LST}, KD2,
{RI ISI RISI LI RL}]]

Output:
{KDZ _, FSBKD1 (FSB? LST - LT + RT - FSB (KDL + LST - LT +RT) ) }
(-1+FSB) (FSB2 LST + RT - FSB (KD1 + LST + RT) )
Input:
Si.nplify[Solve[{ml+m+m‘_v_4zlslzrm+ (KDL+ IST+RD? oty _aF) / ((@B- D) «Q+AU-AF)}, AB] ]
Output:

{ABe —{AF (—KD1+LST—RT+\/—4 LSTRT + (KD1+LST+RT>2) +

AU (KDl—KDlQ—LST (1+Q) + (-1+Q) (—RT+\/—4LSTRT+ (KD1+LST+RT)2N

[ }}

KQ \KD1+LST+RT—\/—4 LSTRT + (KD1 + LST + RT) 2

%

—_—

Input:

AB=
—(AF(—KD1+IST—RT+\/—4ISTRT+ (KI)1+IST+RI)2) +

AU(ml—le—IST(1+Q) +(-1+9Q) (—RT+«/-41$TRT+ (KDl+LST+RT)2)))/

(Q (m1+LST+RT-«/-4ISTRT+ (KDl+IST+RT)2))

FullSimplify[ (AOBS- AF) / ( (AB - AOBS) % Q + ACBS - AF) ]

Output:

(2 (AF - AOBS) RT)/(ZZ—\OBS (-1+Q) RT +AF (KD1+LST+RT+\/—4 LST RT + (KD1+LST+RT)2) -

AU (KD1+LST—RT+2QRT+\/—4LSTRT+ (KD1+LST+RT)2U

FullSimplify[ (AOBS- AF) / ( (AB - AOBS) % Q + ACBS - AF) ]
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Output:

(AF - AOBS) (KD1 + LST + RT - A/ -4 LSTRT + (KD1 + LST + RT) 2 )
2 (AF LST - AU LST)
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