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ABSTRACT: This research paper is based on the estimation of errors in the formulas which are used to obtaining intermediate
values of the rate of enzymatic reaction. The rate of enzymatic reaction is affected by concentration of substrate,
Temperature, concentration of enzyme and other factors. The rise in Temperature accelerates an Enzyme reaction. At certain
Temperature known as the optimum Temperature the activity is maximum. The concentration of substrate is the limiting
factor, as the substrate concentration increases, the Enzyme reaction rate increases. Assuming a sufficient concentration of
substrate is available, increasing Enzyme concentration will increase the enzymatic reaction rate. These formulas are derived
from temperature, substrate concentration and enzyme concentration based mathematical functions. These formulas are
used to obtaining intermediate values of the rate of enzymatic reaction. Formulas which are derived using Newton’s method
for interpolation are worked in conditions which are depending on the point lies. If the point lies in the upper half then used
Newton’s forward interpolation formula. If the point lies in the lower half then we used Newton’s backward interpolation
formula. And when the interval is not equally spaced then used Newton'’s divide difference interpolation formula. When the
tabulated values of the function are not equidistant then used Lagrangian polynomial. Mathematical expressions are derived
for estimation of errors using intermediate values and formulas. All expressions are worked in 7 limit which is the optimum
limit.
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1 INTRODUCTION

Temperature, concentration of substrate, concentration of enzyme and other factors are affected the rate of enzymatic
reaction [1]. The rise in Temperature accelerates an Enzyme reaction but at the same time causes inactivation of the protein.
At certain Temperature known as the optimum Temperature the activity is maximum. The concentration of substrate is the
limiting factor, as the substrate concentration increases, the Enzyme reaction rate increases. Assuming a sufficient
concentration of substrate is available, increasing Enzyme concentration will increase the enzymatic reaction rate.
Temperature, concentration of substrate and concentration of enzyme are increased the rate of enzymatic reaction at a limit
which is called optimum limit [2]. On the basis of this concept, there are three mathematical functions [1] [2]:

V=£(T)
V=£(S)
V =f(E)

Where V is the rate of enzymatic reaction, 7 is the temperature, Sis the concentration of substrate and FE'is the
concentration of enzyme. These functions are be in 72 intervals and 72 is the optimum limit [1]. Some formulas are derived on
the basis of these functions using Newton’s method for interpolation and Lagrangian polynomial. These formulas are used to
obtaining intermediate values of the rate of enzymatic reaction. Formulas which are derived using Newton’s method for
interpolation are worked in conditions which are depending on the point lies. If the point lies in the upper half then used
Newton’s forward interpolation formula. If the point lies in the lower half then we used Newton’s backward interpolation
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formula. And when the interval is not equally spaced then used Newton'’s divide difference interpolation formula. When the
tabulated values of the function are not equidistant then used Lagrangian polynomial [3]-[14].

2 FORMULAS FOR OBTAINING INTERMEDIATE VALUES OF V WITH TEMPERATURE

Let V = f(T) be a function defined by 7 points(To,Vo),(T1,V1).......... (T»,Va) . Where V is the rate of reaction and T is
the Temperature of reaction. And other factors are to be constant [1][2]. When 171,712, Ts......... T are equally spaced with
interval h.

2.1 IF THE POINT LIES IN THE UPPER HALF

In this condition we used following formula [1]:

A%V A",
V(T)= Vo + AVo(u) + Z'O(U)[(u—l)].....+ nlo[(u){(u—l)} ....... {{lu=n}]
. . T—-To
[Where A is forward difference operator and =u ]
211 ESTIMATION OF ERROR
Let V' = f(T) be afunction defined by (n+1) points(7 0,V 0),(T1,V1)......... ATn,Vn). When T1,T2,Ts...... T are

equally spaced with interval /4 and this function is continuous and differentiable (n+1) times.
Let V' = f(T') be approximated by a polynomial Px(T") of degree not exceeding a such that
Pu(T)=Vi [Wherei =1,2,3.......... nl (1)
Since the expression f(T') — Pu(T') vanishes forT1,T2,Ts.......... T»,
We put f(T) — Po(T) = Kg(T) 2)
Where ¢(T) = (T —To) (T —T1)eeeue.... (T -T») (3)

And K is to be determined in such a way that equation (2) holds for any intermediate values of 7', say 7 — T
[whereTo < T'<Tx].

Therefore from (2)

o S)=P(T) “
o(T")
Now we construct a function f(7") such that
f(To)= f(T1)—Pn(T)—Ko(T)
Where K is given by equation (4).
Itis clear that

F(To)= F(T2) = F(T2) = F(T3) Zorrrrrreenn. F(T)=F(T)=0 (5)

Let f(T') vanishes (n+2) times in the interval7'0 < T <7 ; consequently, by the repeated application of Rolle’s
Theorem [15] [16], f'(T) mustvanish (n +1)times, f''(T") must vanish 7 times etc in the interval To < 7" < Th.

Particularly, f(n+l)(T) must vanish once in the interval 70 < T < 7. Let this pointbe T = Z, To< Z < Tn.
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Now differentiating equation (5) (7 + 1) times with respect to 7" and putting? = Z , we got:
F"(Z2)-K(n+1)1=0

(£

Or =
(n+2)!

(6)

Putting this value of K in equation (4), we got:

FUNZ)  F(T)—Pa(T")

(n+1)! (T
Or F(T")=Pa(T') = 1) o(T'), To< Z <Tn
(n+1)!

Since T"'is arbitrary therefore on dropping the primeon T"' we got:

f2)
(n+2)!

f(T)=Pa(T)= o(T), To<Z <Tn (7)

Now we use Taylor’s theorem [17] [18]:

n

h? h
f(T+h)=f(Z)+hf'(Z)+;f"(Z)+ ......... +an(z)+ ..... (8)
Neglecting the terms containing second and higher powers of /1 in equation (8), we got:
f(Z+h)=f(2)+hf'(2)
f(Z+h)-£(2)

Or f'(2)= h 9)
or FI2)=Af(2) [ AT+ h)f(T)
1 d
== L D=—
Df(2) hAf(Z) [ dZ]
D =%A [Because f(Z)is arbitrary]
Dn+1 :iAm'l
hn+1
From equation (9), we got:
f(n+1)(Z) zﬁA(m—l)‘f(Z)
Putting the values of f(nH) (Z)in equation (7), we got
_pmy=| 2T L pe
£7) %U%{W+HJ&WHA f@ﬂ
3 | (T =T) (T =To) (T =T2)cuoeuee. (T—To) 1 (n+1)
£1) mwr{ o HH“”A f@ﬂ (10
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T—To=hu
T-Ti=T—(To+h)=(T-To)—h=(hu—h)=h(u-1)

Similarly T — T2 = h(u —2)

Similarly T — Tn = h(u — n)
Putting these values in equation (10), we got:

(hu){h(u—1)}{h(u—2)}{h(u—3)} .............. {(u—n)} 1 A £(2)
(n+1)! [

f(T)=Po(T) = {

u(u-1)(u—-2)u-3)......... (u_n):l[A(M)f(Z)]

f(T)—Pn(T){ (1 1)!

This is mathematical expression for estimation of error, if the point lies in the upper half.

2.2 IF THE POINT LIES IN THE LOWER HALF

In this condition we used following formula [1]:

2 n

V(T)=V, +VV, (2)+ Vz\'/” Hz(z+1)}+....+ Vn\'/” [(zZ{(z+1)}.{z+(n-1)}]

T—Tx
[Where V is backward difference operator and p =z]

2.2.1  ESTIMATION OF ERROR

Let V' = f(T') be afunction defined by (n +1) points (7 0,V 0),(T1,V1)......... (Tn,Va).When T1,T2,Ts..... T, are
equally spaced with interval /4 and this function is continuous and differentiable (n+1) times.

Let V' = f(T') be approximated by a polynomial P»(T") of degree not exceeding a such that

Pu(T)=Vi [Wherei =1,2,3.......... nl (11)

Since the expression f(T') — Pu(T') vanishes forT1,T2,Ts.......... Ty,

Weput f(T)— Pu(T) = K¢(T) (12)

Where @(T) = (T = Tu)(T —Tn-1).ccu......... (T —To) (13)

And K is to be determined in such a way that equation (12) holds for any intermediate values of T, say T — 7"
[whereTo <T'<Tx].

Therefore from equation (12),
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o fT)=PT) "

o(T')

Now we construct a function f(7") such that
f(To) = f(T1) = Pa(T) — Keps(T)

Where K is given by equation (14).

It is clear that

f(To)=f(T)=f(T2)= f(T3)=ueeruene.. f(T)=f(T")=0 (15)

Let f(T) vanishes (n+2) times in the interval70 <7 <7 ; consequently, by the repeated application of Rolle’s
Theorem [15] [16], f"'(T) mustvanish (n +1)times, f''(T") must vanish 7 times etc in the interval To < 7" < Th.

Particularly, f(”H)(T) must vanish once in the interval 70 < T < Th. Let thispointbe T =Y, To < Z < Tn.

Now differentiating equation (15) (7 + 1) times with respect to 7 and putting7 =Y, , we got:

FrUY)—K(n+1)1=0

(n+1)
o (L) (16)
(n+12)!
Putting this value of K in equation (14), we got:
foUY) AT =PulT')
(n+2)! o(T")
(n+1)
or fry-pry =Wy, To<y<T
(n+2)!
Since T"'is arbitrary therefore on dropping the prime on T"' we got:
(n+1)
=P =2—Moir), To<v <T, (17)
(n+1)!
Now we use Taylor’s theorem [17] [18]:
h h"
f(T+h)=f(Y)+hf'(Y)+;f"(Y)+ ......... +Ff"(Y)+ ..... (18)
Neglecting the terms containing second and higher powers of /1 in equation (18), we got:
fY+h)=f(Y)+hf'(y)
1
or flay=_af) [ AFT + ) f(T)]
1 d
Df(Y)=—Af(Y D=—
f(Y) P f(Y) [ dY]
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D =%A [Because f(Y)is arbitrary]
. n+1 1 n+1
From equation (19), we got:
(n+1) 1 (n+1)
£ = AT AY)

Putting the values of f(”H) (Y)in equation (17), we got:

f(T) — Pn(T) = |:M:| {ﬁ A(n+1)f(y):|

(n+12)!

B | (T =TT =To)(T =T2)ucu. (T—To) 1 oy

£(7) Pn(r){ o }[ o f(Y)} (20)
T-T.

If =z

h
Then

T_Tn = hZ

T-T..1=T—-(T—h)=(T-T)+h=(hz+h)=h(z+1)
Similarly T —T» -2 = h(z+2)

Similarly 7' —To = h(z + n)

Putting these values in equation (20), we got:

(hz){h(z-1)} {h(z=2)} {h(z=3)}....ccecvve.nc {z=n} [ 1 AP £y)
(n+1)! htr

f(T)=P(T) =

This is mathematical expression for estimation of error, if the point lies in the lower half.
23 IF INTERVALS ARE NOT BE EQUALLY SPACED

In this condition we used following formula [1]:
V(D) =V, + A, V(T=-T)+ A;V(T=T)T=T,) +.cc.. s A{V,(T=T (T =T,)..(T-T,)]

[Where Az is divide difference operator]
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23.1 ESTIMATION OF ERROR

Let f(T)be a real-valued function define 7 interval and (n +1)times differentiable on(a,b). If Pa(T)is the

£=¢(T)e(a,b)

en(T)=£(T)-P(T)

i

This is mathematical expression for estimation of error, if intervals are not be equally spaced.
2.4  WHEN THE TABULATED VALUES OF THE FUNCTION ARE NOT EQUIDISTANT

In this condition we used following formula [2]:

n o (T-T,
V(T) = Zlvl'l[ ((T[ — T,))

J#i

24.1 ESTIMATION OF ERROR

Since the approximating polynomial f(T) given by Lagrangian formula has the same values f(To) f(Tl) f(Tz)

f(Ts) f(T4) ............ f(Tn) as does V = f(T)for the argumentsTo,T1,7T2,T3,T 4 ... ,Tn the error term must
have zeros at these (n+1) points.
Therefore (T'—T0) (T —T1) (T —T2) (T —T3) oo (T —T») must be factors of the error and we can
write:
F(T):f(T)+(T—To)(T—Tl)(T—Tz)(T—Ta) .................. (T—Thn) K(T) (22)
(n+2)!

Let 7 to be fixed in value and consider the function

W) = Flx) - F(x) (x=To)(x—=T1)(x —=T2)(x—=T3)eeecuue........ (x—Tn)K(T) (23)
(n+2)!

Then W (x) haszero x =T0,T1,7T2Ts..... Tn and T .
Since the (n + l)th derivative of the n" degree polynomial f(T) is zero.
W (x) = F" (x) - K(T) (24)

As a consequence of Rolle’s Theorem [15] [16], the (1 + l)th derivative of W (x) has at least one real zero x = & in the
range To< & < Tn

Therefore substituting x = & in equation (24)
W (E)=F " ()~ K(T)
or K(T) = F(n+1)(§)_W(n+1)(§)
=F")

Using this expression for K (7") and writing out f(T')
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(T=T)T=T2)ooeruene. (T—Tn)

(T=To)(T—T2).rveeue..

f(T)= f(To)+

(To=T)(To—T2).ccouuue.... (To—Tn) (Ti=To)(T1—T2)cuvreuuen
(T—=To)(T-T1)

(T=T)(T—-T1).ureen. (T—Th-1)

"""" T T =T (To—To ) AR

Where To< & < Tn

This is mathematical expression for estimation of error, if the tabulated values of the function are not equidistant.

3 FORMULAS FOR OBTAINING INTERMEDIATE VALUES OF V WITH CONCENTRATION OF SUBSTRATE

Let V = f(S) be a function defined by 7 points(So,Vo),(51,V1).......... (Sn,Vn) . When 51,52, 53

Sn are equally spaced

with interval h. Where V is the rate of enzymatic reaction and S is the concentration of substrate. And other factors are be

constant [1] [2].
3.1 IF THE POINT LIES IN THE UPPER HALF

In this condition we used following formula [1]:

*Vo A"V
V(S)=Vo+ AVo(w)+ Az\'/ W)[(w=1)]....+ " 0 [(W){(w—D)}.......
S—So

[Where A is forward difference operator and =w ]

3.1.1 ESTIMATION OF ERROR

Let V = f(S) be a function defined by (n +1) points(So,Vo),(S1,V1)..........
spaced with interval h and this function is continuous and differentiable (n+1) times.

Let V = f(S) be approximated by a polynomial Pn(S) of degree not exceeding a such that

Pn(Si) = Vi [Wherei =1,2,3.......... nl

Since the expression f(S)—Pn(S) vanishes for $1,52,Ss.......... Sn,
We put f(S)—Pn(S)=Kep(S)

Where @(S)=(S—S50)(S—S51).cceruennene (5—5)

(25)

(26)

(27)

Sn are equally

And K is to be determined in such a way that equation (26) holds for any intermediate values of S , say S —.S"'

[where S0<S'<Sn].

Therefore from equation (26)

f(S')—P(S")
@(S')

Now we construct a function f(S) such that
f(S0) = f(S1)—Pa(S)—Ko(S)

Where K is given by equation (27).

It is clear that:

F(S0) = F(S1) = F(52) = F(53) = rrrrrrreen. F(Sn)=f(5")=0

(28)

(29)
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Let f(S) vanishes (n+ 2) times in the interval So < .8 < S, ; consequently, by the repeated application of Rolle’s
Theorem [15][16], f'(S) mustvanish (7 +1)times, f"'(S) must vanish 7 times etc in the interval So < S < S5

Particularly, /""" (S) must vanish once in the interval So < S < S, . Let this pointbe S = O, S0 < S < S,
Now differentiating equation (29) (7 + 1) times with respect to S and putting S = Q , we got:

Q) —K(n+1)!=0

(n+1)
o ) (30)
(n+2)!
Putting this value of K in equation (28), we got:
"M@ _ f(S)=Pu(S")
(n+1)! o(S")
(n+1)
Or f(5|)—Pn(S|)=w¢(S|), So<S<5n
(n+2)!
Since S'is arbitrary therefore on dropping the prime on S' we got:
(n+1)
f(S)_Pn(S):f (Q) ¢7(5), So<S<5n (31)
(n+2)!
Now we use Taylor’s theorem [17] [18]:
h’ h"
f(S+h)=f(Q)+hf'(Q)+;f"(Q)+ ......... +Ff"(Q)+ ..... (32)
Neglecting the terms containing second and higher powers of /1 in equation (32), we got:
fla+h)=fQ+hf'(Q
1
Or f =;Af(Q) [- Af(S+h)f(S)]
1 d
D =—A SD=—
f(Q) p f(Q) [ dQ]
D =%A [Because f(Q) is arbitrary]
Dn+1 :iAm'l
hn+1
From equation (33), we got:
n+1 1 n+1
Q=A@

Putting the values of f"*"(Q)in equation (31), we got
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f(S)—Pn(S){ s }[ 1 A‘”“’f(a)}

(n+2)! || A"V
£15)— o S){(S—so)(S—sl)(s(;iz)l.).l. .............. (5—50)}{#"1“) A f(Q)} 34)
If S50 =r
h
Then
S—So=hr

S—S1=S5—(So+h)=(S—So)—h=(hr—h)=h(r-1)

Similarly S—S2=h(r—2)

Similarly S—S,=h(r —n)

Putting these values in equation (34), we got:

(hr){h(r =)} {h(r —2)} {h(r =3)}.......c..... {r=n} [ 1
S)—Pu(S)= A" fQ
£(S)=PalS) { ) AT Q)
r(r=1)(r=2)(r -3)......... (r—n) "
£(S)=Pu($) = (A" f(@)]
(n+2)!

This is mathematical expression for estimation of error, if the point lies in the upper half.
3.2 IF THE POINT LIES IN THE LOWER HALF

In this condition we used following formula [1]:

ViV V'V
ViS)=V,+VV, (J)+T"[{J(J+l)}]+ ..... t “[DH{J+D}..{J+(n-1)}]
! n!
. . 5-5n

[Where V is backward difference operator and p =J]
3.2.1  ESTIMATION OF ERROR

Let V = f(S) be a function defined by (n +1) points(So,Vo),(S1,V1).......... (S1,Vn) . When 51,52,8s....... Sn are equally
spaced with interval /1 and this function is continuous and differentiable (72 + 1) times.

Let V = f(S) be approximated by a polynomial Ps(S) of degree not exceeding a such that

Pn(Si) = Vi [Wherei =1,2,3.......... nl (35)
Since the expression f(S)—Pn(S) vanishes for $1,52,5s.......... Sn,
We put f(S)—Pn(S)=Kep(S) (36)
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Where @(S)=(S = S0)(S = S1)-rrrrreeenns (S—Sn) (37)

And K is to be determined in such a way that equation (36) holds for any intermediate values of S , say S —.S"'
[where So < 8'< Sn 1.

Therefore from (2)

k=T5)=PE) (38)

P(S")
Now we construct a function f(S) such that
f(So) = f(S1)—Pn(S) —K($)
Where K is given by equation (37).
It is clear that
f(So)=f(S)=f(S2)=f(S3)=eernernrne f(Sn)=f(S')=0 (39)

Let f(S) vanishes (n+ 2) times in the interval So<S<S» ; consequently, by the repeated application of Rolle’s
Theorem [15][16], f'(S) must vanish (n+1)times, f'(S) must vanish 71 times etc in the interval So<S< Sy

Particularly, f"*”(S) must vanish once in the interval So< S < Sn. Let this pointbe S=R, S0<S< Sn.

Now differentiating equation (39) (7 + 1) times with respect to S' and putting S = R, we got:

F" Y R)-K(n+1)!=0

(n+1) R
Or K= T R) (40)
(n+2)!
Putting this value of K in equation (38), we got:
f™(R) _ £(S")=Pu(S")
(n+1)! »(S')
(n+1) R
Or f(sl)—Pn(Sl)Zwﬂ)l(Sl), So<S<5n
(n+2)!
Since S'is arbitrary therefore on dropping the prime on S' we got:
(n+1) R
f(S)—Pn(S)Zf ( )(01(5), So<S<5n (41)
(n+2)!
Now we use Taylor’s theorem [17][18]:
1 hz " hn n
f(S+h)=f(R)+hf (R)+;f (R)+.eeeenns +mf (R)+..... (42)
Neglecting the terms containing second and higher powers of /1 in equation (42), we got:
f(R+h)=f(R)+hf'(R)

h
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1
Or f'(R)=;Af(R) [ AF(S+h)f(S)]
1 d
Df(R)=—Af(R D=—
f(R) P f(R) [ dR]
D=%A [Because f(R) is arbitrary]
‘,‘Dn+1= 1 An+1
hn+1
From equation (43), we got:
n+1 1 n+1
f! )(R):WA( 'f(R)

Putting the values of f('m) (R) in equation (41), we got

f(S)—Pn(S):{ﬂ}[i&"“’f(m}

(n+1)! || pt"D

B [ (5=S0)(S—S1)(S—S2)..couunnnnnnn (5—S0) 1 oy
£(5) Pn(S){ o }[ A f(R)} (a4)
Ty
Then
S—Snzh./

S—S1-1=5—(Sa—h)=(S—S)+h=(h/+h)=h(J+1)

Similarly S—Sn-2=h(J+2)

Similarly S—So=h(J+n)
Putting these values in equation (44), we got:

(RN {h( =D} {h(J=2)}{h(J=3)} e {U=n)} { 1
(n+1)! hi?

f(S)=Pn(S) { ) A‘"“’f(r‘?)}

f(s)_Pn(S):{1(1—1)(1—2)(1—3) ......... (J—n)}[A(M)f(R)]

(n+2)!

This is mathematical expression for estimation of error, if the point lies in the lower half.
3.3 IF INTERVALS ARE NOT BE EQUALLY SPACED

In this condition we used following formula [1]:
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V(S)=V, + A, Vi(S=S)+ Ai Vi (S=S8)(S=5,) et AT VI [(8=8,)(8=5,)...(S=S, )]

[Where Az is divide difference operator]

3.3.1 ESTIMATION OF ERROR

Let f(S)be a real-valued function define 7 interval and (7 + 1) times differentiable on (a,b). If Pa(S)is the polynomial.

Which interpolates f(S)at the (n + 1) distinct points So, S1...S» € (a, b) , then for all Te [a,b] Jthere exists & = 5(3) € (a,b)

e(5)=£(5)-:(3)
_ Flo (5) ﬁ(g —Sj) (45)

(n+1) Jo

This is mathematical expression for estimation of error, if intervals are not be equally spaced.
3.4  WHEN THE TABULATED VALUES OF THE FUNCTION ARE NOT EQUIDISTANT

In this condition we used following formula [2]:

V(S)= anf 3

j#l

34.1 ESTIMATION OF ERROR

Since the approximating polynomial f(S) given by Lagrangian formula has the same values f(So) f(SI) f(Sz) f(Ss)

f(54) ............ f(Sn) as does V = f(S)for the argumentsSo,S1,S52,53, 54 oo, , S the error term must have
zeros at these (n+1) points.

Therefore (S—S50) (S—51) (§—352) (S —S53) ceverrrernencerevnennn (8 — Sn) must be factors of the error and we can write:
S—S0)(S—S1)(S—52)(S—S3).ceeeennnnnn. S—5n
F(S)=f(5)+( )(S—S1)(S — S2)(S—S3) ( )K(S) (46)
(n+2)!

Let S to be fixed in value and consider the function

(x —So)(x —S1)(x —S2)(x — S3).eeeurrrennnns (x —Sn)
(n+2)!

Then W(x) haszero X = 50,5152 83 S» and S .

W(x)=F(x)—- f(x)

K(S) (47)

Since the (n + l)th derivative of the n" degree polynomial f(S) is zero.
W) =F" (x)-K(S) (48)

As a consequence of Rolle’s Theorem [15] [16], the (1 + l)th derivative of W (x) has at least one real zero x = & in the
range So < & < Sn

Therefore substituting x = & in equation (48)
W (&) =F "V (£)—K(S)
or K(S)=F"(5)-w"™ (&)

=F" ()
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Using this expression for K(S) and writing out  f(S)

 (S=S)(5=S2)errrnnnn (S—Sn) (S = So)(S = S2).erverrrn. (5-S)
)= S s So— S, so—sy N s s s, (5o )
(§—So)(S—S1)ereerennnnn (§—Sn-1) (5—So)(S—S1)ueeuurnnen. (5—=5n) ;(ns1)

"""" +(sn—so)(sn—51).............(5n—sH)f(s")+ (n+1)! Fre)

Where So <& < Sn

This is mathematical expression for estimation of error, if the tabulated values of the function are not equidistant.
4 FORMULAS FOR OBTAINING INTERMEDIATE VALUES OF V WITH CONCENTRATION OF ENZYME

Let V = f(E) be a function defined by 7 points (Eo,Vo),(E1,V1).......... (En,Vn). When E1E2,Es........... En are equally spaced

with interval h. Where V is the rate of enzymatic reaction and E is the concentration of enzyme. And other factors are be
constant [1] [2].

4.1 IF THE POINT LIES IN THE UPPER HALF

In this condition we used following formula [1]:

V(E)=Vo+AVo(X)+AZ\IIO(X)[(X—I)] ..... +An\|’° [O{(X=2)}eeen{(X=n}]

E—Eo

[Where A is forward difference operator and X 1]

4.1.1  ESTIMATION OF ERROR

Let V = f(E) be a function defined by (n +1) points(Eo,Vo),(E1,V1).......... (En,Vn). When E1E2Es... E, are equally
spaced with interval /1 and this function is continuous and differentiable (n+1) times.

Let V = f(E) be approximated by a polynomial Pa(E) of degree not exceeding a such that

Pi(E))=Vi [Wherei =1,2,3.......... nl (49)

Since the expression f(E)—Pn(E) vanishes forE1,E,Es..... En,

We put f(E)—Pn(E)=Ke(E) (50)

Where @(E)=(E —Eo)(E —E1)..cceuenen. (E—En) (51)

And K is to be determined in such a way that equation (50) holds for any intermediate values of ', say E—E'
[where Eo<E'<En].

Therefore from (50)

o FE)=PE) )
p(E')
Now we construct a function f(E) such that
f(Eo) = f(E1)—Pn(E) — Ko(E)
Where K is given by equation (52).
Itis clearthat: f(Eo)= f(E1)= f(E2)= f(E3)=.cceruee..e. f(En)=f(E')=0 (53)
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Let f(E) vanishes (n+ 2) times in the interval Eo<E <E, ; consequently, by the repeated application of Rolle’s
Theorem [15] [16], f'(E) mustvanish (n+1)times, f'"(E) must vanish 7 times etc in the interval Eo<E <En.

Particularly, f""*”(E) must vanish once in the interval Eo < E <En. Let this pointbe E =R, Eo<E <En.

Now differentiating equation (53) (n + 1) times with respect to £ and puttingE =R, , we got:

"™ (R)—K(n+1)!=0

(n+1)
or IR (54)
(n+2)!
Putting this value of K in equation (52), we got:
f"M(R) _ f(E')=PHE")
(n+1)! P(E")
(n+1)
Or f(E')—Pn(E')zf (R)(/)(E'), Eo<E<En
(n+2)!
Since E'is arbitrary therefore on dropping the prime on E' we got:
(n+1)
f(E)—Pn(E)zf (R)(/)(E), Eo<E<En (55)
(n+2)!
Now we use Taylor’s theorem [17] [18]:
h? h"
f(E+h)=f(R)+hf'(R)+;f"(R)+ ......... +an(R)+ ..... (56)
Neglecting the terms containing second and higher powers of /1 in equation (56), we got:
f(R+h)=f(R)+hf'(R)
1
Or f'(R) =;Af(R) [ Af(E+h)f(E)]
1 d
Df(R)=—Af(R SD=—
f(R) P f(R) [ dR]
D =%A [Because f(R) is arbitrary]
Dn+1 =hn_];1An+1
From equation (57), we got:
n+ 1 n+
FONR) = AR

Putting the values of f('m) (R) in equation (57), we got

f(E)—Pn(E){ V) }[LA‘MU’(R)}

(n+1)! || A"
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B _ | (E=Eo)(E —E1)(E - E2)................ (E—Eo) 1 oy
£(E)-PH(E) —{ e }[ A f(R)} (58)
i E2Eo_y
h
Then
E—Eo=hX

E—Ei=E—(Eo+E)=(E—Eo)—h=(hX—h)=h(X-1)

Similarly E—E>=h(X —2)

Similarly E—En=h(X —n)
Putting these values in equation (58), we got:

(hX){h(X =1)} {h(X =2)} {A(X =3)} ..covvrnneeen ﬂx-mq{ 1
(n+2)!

f(E)—Pn(E){ A‘”“’f(R)}

X(X=1)(e=2)(X=3)rmom.. X=n)]r e
)

f(E)—Pn(E){
This is mathematical expression for estimation of error, if the point lies in the upper half.
4.2  IFTHE POINT LIES IN THE LOWER HALF
In this condition we used following formula [1]:
A YA

V(E)=V,+VV (e)+ 2|”[{e(e+1)}]+ ..... + n|”[(e){(e+1)}..{e+(n-1)}]

E-En

[Where V is backward difference operator and =e]

4.2.1  ESTIMATION OF ERROR

Let V = f(E) be a function defined by (n +1) points(Eo,Vo),(E1,V1).......... (En,Vn). When E1E2Es.... E» are equally
spaced with interval /1 and this function is continuous and differentiable (72 +1) times.

Let V = f(E) be approximated by a polynomial Pa(E) of degree not exceeding a such that

Pi(E))=Vi [Wherei =1,2,3.......... nl (59)

Since the expression f(E)—Pn(E) vanishes forE1,E,Es...... En,

We put f(E)—Pn(E)=Ke(E) (60)

Where @(E)=(E —Eo)(E —E1)..cceueuncn. (E—En) (61)

And K is to be determined in such a way that equation (60) holds for any intermediate values of £, say £ — E'
[where Eo<E'<En].
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Therefore from (60)

_f(E")—P(E")
¢i(E')

Now we construct a function f(£) such that
f(Eo)=f(Ex)—PnlE)—Kn(E)

Where K is given by equation (62).

(62)

It is clear that
f(Eo)= f(E1) = f(E2)= f(E3)=............ f(En)=f(E')=0 (63)

Let f(E) vanishes (n+2) times in the interval Eo <E <En ; consequently, by the repeated application of Rolle’s Theorem
[15] [16], f'(E) mustvanish (n+1)times, f"(E) must vanish n times etcin the interval Eo<E <En.

Particularly, f""*”(E) must vanish once in the interval Eo < E <En. Let this point be E =R, Eo<E <Ep.

Now differentiating equation (5) (7 + 1) times with respect to £ and puttingE =R, , we got:

FoR)—K(n+1)!=0

(n+1)
or IR (64)
(n+2)!
Putting this value of K in equation (62), we got:
f"M(R) _ f(E')=PHE")
(n+1)! ¢(E")
(n+1)
Or f(E'")- P(E)—f (R)¢)1(E'), Eo<E<En
(n+2)!
Since E'is arbitrary therefore on dropping the prime on E' we got:
FE)-Pue)=L B i), EocE<E
n = ( ) Ql( ) o<E<En (65)
Now we use Taylor’s theorem [17] [18]:
hn
f(E+h)=f(R)+hf' (R)+ f"(R)+ ......... +an(R)+ ..... (66)
Neglecting the terms containing second and higher powers of /1 in equation (66), we got:
f(R+h)=f(R)+hf'(R)
1
Or f'(R) =;Af(R) [ Af(E+h)f(E)]
1 d
Df(R)=—Af(R SD=—
f(R) P f(R) [ dR]
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D =%A [Because f(R) is arbitrary]
1
. n+l _ n+1
. .D * —WA *
From equation (67), we got:
(n+1) R) = 1 A(n+1) R
£ = AT (R)

Putting the values of f"*”(R) in equation (65), we got

f(E)—Pn(E){M}{LA‘MU‘(R)}

(n+12)! || A"V
B _ | (E=Eo)(E—E1)(E - E2)............... (E—Eo) 1 oy
£(E)-PH(E) { e }[ A f(R)}
i E—-En _
h
Then
E—E.=he

E—En-1=E—(Es—h)=(E—En)+h=(he+h)=hle+1)

Similarly E —En-2=h(e+2)

Similarly E —Eo=h(e+n)
Putting these values in equation (68), we got:

(he){h(e—1)} {h(e~2)} {h(e —3)}..ccvvrvrrre {(e—n)}}[ 1

(n+2)!

F(E)—Pa(E) { ) A‘”“’f(R)}

f(E)_Pn(E):{e(e—l)(e—z()r(,i—l_:,!) ......... (e—n)}[A(M,f(R)]

This is mathematical expression for estimation of error, if the point lies in the lower half.
4.3  IFINTERVALS ARE NOT BE EQUALLY SPACED
In this condition we used following formula [1]:
V(E)=YV, +A'dVl(E—El) +AZVI(E—E1)(E—E2)+ ..... +AZVI[(E—EI)(E—EZ)...(E—EH)]
[Where Az is divide difference operator]

43.1 ESTIMATION OF ERROR

(68)
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Let f(E) be a real-valued function define 7 interval and (n+1) times differentiable on(a,b). If Pa(E)is the polynomial.

ex(E)=£(E)-Po(E)

") v -
=) H(E—E,) (69)

This is mathematical expression for estimation of error, if intervals are not be equally spaced.
4.4  WHEN THE TABULATED VALUES OF THE FUNCTION ARE NOT EQUIDISTANT
In this condition we used following formula [2]:
n n (E _ )
-/
V=3
(E—E)

= j= \B—
j#

441 ESTIMATION OF ERROR

Since the approximating polynomial f(E) given by Lagrangian formula has the same values f(Eo) f(El) f(Ez)
f(Es) f(E4) ............ f(En) as does V = f(E)for the argumentsEo, E1,E2,E3,Ea ... , En the error term must have

zeros at these (n+1) points.

Therefore (E—Eo) (E—E1) (E—E2) (E—E3) ceeveornenencececnennn. (E — En) must be factors of the error and we can write:
E—Eo)(E—E)(E—E2)(E—E3).cceveeecnnnnnnn. E-En
F)— i)+ E-ENE—ENE -~ EE~ED) E-E) 0
(n+2)!

Let £ to be fixed in value and consider the function

W(X):”__(X)_f(x)(x—Eo)(x—El)(x—Ez)(x—Ea) ............... (x —En) K(E) 71)
(n+2)!

Then W (x) haszero X = Eo, E1, E2 Es........... E. andE .
Since the (n + l)th derivative of the n" degree polynomial f(E) is zero.
w (x)= Fo+y (x)—K(E) (72)

As a consequence of Rolle’s Theorem [15] [16] the (n + l)th derivative of I (x) has at least one real zero x = £ in the
range Eo <& < En

Therefore substituting x = & in equation (73):
W (E)=F" ()~ K(E)
or K(E)=FY (&) _w (&)
=F")

Using this expression for K(S) and writing out f(S)
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(E—E1)(E—E2)ueennnnns (E—En) (E—Eo)(E —E2)............. (E—En)
E)= Eo Ei)+.......
fE) (Eo—E1)(Eo—Ea)............. (Eo—En)f( )+(E1—Eo)(E1—E2) ............. (El_En)f( )+ Where Eo< & <E,
(E—Eo)(E—E1)uunn...... (E—En-1) (E—Eo)(E—E1)uun.n....... (E—En) L(ns1)
"""" " E—E)Er—Fs)lEr—Enoa) fE+ (n+1)! Fe)

This is mathematical expression for estimation of error, if the tabulated values of the function are not equidistant.

5

CONCLUSION

Derived mathematical expressions are useful to estimation of the errors in the formulas for obtaining intermediate values

of t

he rate of enzymatic reaction. All expressions are worked in 7 limit which is the optimum limit. When we obtain the

intermediate values of the rate of enzymatic reaction then these mathematical expressions are useful to estimate the errors
in interpolated values of the rate of enzymatic reaction.
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