Polymer Reaction Engineering
Prof. Shishir Sinha
Department of Chemical Engineering
Indian Institute of Technology — Roorkee

Lecture - 26
Problem Solving - 11
Welcome to the next stage of problem-solving session of this polymer reaction engineering.
Now, let us start with the problem number 1.
(Refer Slide Time: 00:42)

Prohlems

Problem-01: The rate of a liquid phase reaction of type A +8 - P is found to be independent
of concentration of A and B equal to 1 kmnl,l'm’ min at 300K, Find the conversion in a mixed
flow reactor having volume Equal_lu 2rn3 with feed concentration of A and B equal to 5
kmnlfm‘ leed rate equal to 1m'/min and reactor temperature equal to 300K. If the activation
energy of reaction s given as 83 1 ka'moI find the volume of an isothermal plug flow reactor
for the same conversion and feed condition as in the case of above mentioned reactor but

with reactor temperature kept at 3202, o - Gy |y am™
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Here, the rate of liquid phase reaction which is having the type of A + B is equal to P is found
to be the independent of concentration of A and B which is equal to 1 kilo mole per metre cube
minute at 300 Kelvin. Now, you need to find the conversion in a mixed flow reactor which is
having the volume equal to 2 metre cube with the feed concentration of A and B both are equal

to 5 kilo moles per metre cube.

And feed rate is equal to 1 metre cube per minute. The reactor temperature is equal to 300
Kelvin and if the activation energy of reaction is given as 83.1 kilojoules per mole. Again, you
need to find the volume of an isothermal plug flow reactor for the same conversion and the
feed conditions as in the case of above-mentioned reactor, but with the reactor temperature

which is maintained at 320 Kelvin.

So, let us try to attempt this particular problem. Now, for mixed flow reactor, the tau is equal

to Cao — Ca upon — ra and which can be represented as V upon Vo Cao — Ca upon — ra. Now,



here the given parameters are V is equal to 2 metre cube, Vo is equal to 1 metre cube per minute,
—rais equal to 1 kilo mole per metre cube minute, Cao is equal to 5 kilo mole per metre cube
and 2 upon 1 is equal to 5 — Ca upon 1. So, if we write that Ca, what is the value of Ca? That
is Ca is equal to 3 kilo mole per metre cube.

(Refer Slide Time: 02:33)

Now, for conversion Ca is equal to Cao (1 — Xa) and Xa is equal to 1 — Ca upon Cao. So, Xa
will come out to be 1 — 3 upon 5 equals to 0.4. So, given that the rate of reaction is found to be
independent of concentration of reactants A and B. So, the given reaction is a zero-order
reaction. So, that is if we say that it is a zero-order reaction, then in that case —r A is equal to
K.

So, for from Arrhenius law, we may have this —ra is equal to k O e to the power — E upon RT
and that is 1 is equal to k that is equal to ko e to the power — E upon R T. And we can find out
ko is equal to e to the power E upon R T and that comes out to be 83.1 into 10 to the power 3
upon 8.314 into 300. And that the k 0 comes out to be e to the power 33.3 kilo mole per metre

cube per minute.

Now, for volume of plug flow reactor, the performance equation for plug flow reactor is given
as tau is equal to Cao, 0 to Xa dXa upon —ra.
(Refer Slide Time: 04:15)



So, V upon Vo is equal to Cao, 0 to Xa dXa upon —ra that is V is equal to Vo Cao, 0 to Xa dXa
upon ko e to the power — E upon R T or V is equal to Vo Cao Xa upon ko e to the power — E
upon R T. So, if you substitute all the values, then we can find the volume of the plug flow
reactor as V is equal to 1 into 5 into 0.5 if you recall the problem then divided by e to the power
33.3 into e to the power 83.1 into 10 to the power 3 upon 8.31 into 320, 320 is given.

Now, V is equal to 0.249 metre cube, this is the volume of for the plug flow reactor.
Solution:

Given

v=2m3

Vo= 1m*/min

-ra = 1 kmol/m?

Cao =5 kmol/m?®

E =83.1 KJ/mol
The performance equation for MRF can be written as;
V. Ch,—Ca
T==———
Vo —Ta
2 5-Cy
1 1
Ca = 3 kmol

For conversion
Ca =Cy,(1—Xy)

Ca
X = 1 —_—
a=( CAO)



Xa=(1- E)
5
Xa = 0.4
For zero order reaction
-1, =k

E
—rp = k=Kk,e RT

E
= 1 =Kk,e RT

E
kO = eRT

On putting the values of all of the parameters we have

83.1x103 )
k, = e(8.314><300

= k, = €333 kmol/m3.min
Performance equation for PFR can be written as;
\Y JXAdXA
T=—=Cs | —
Vo 0 —Ia
Xa  dX,

V=V0CAOJ‘ E
0 Koe RT

VoCa,Xa
- _E

k,e RT
1x5x0.5

_83.1x103
@333 @78.31x320

V = 0.249 m3 (answer)

(Refer Slide Time: 05:33)



Problems

Prablem-02: Acetaldehyde ‘A" decompases to methane 'B' and (O 'C" according ta the
irreversible gas phase reaction A_—) Ej_q 1 kmolfs of A Is to be decomposed at527°Cand 1
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Now, let us take another problem that is acetaldehyde A decomposes to the methane B and

carbon monoxide C according to the irreversible gas phase reaction A is converting into B and
C. Now, 1 kilo mole of A is to be decomposed at 527 degrees Celsius and 1 atmosphere
especially in PFR you must say that this is the first order. So, the first order rate constant case

given 0.5 second inverse.

Now, you need to calculate the volume of the reactor for 40% decomposition of A. So, we are
we are provided with the reaction now, this is the irreversible gas phase reaction. So, the
expansion factor or epsilon A that is given by 2 — 1 upon 1 that is equal to 1 that is epsilon A
is not equal to 0. So, the varying volume system now, since this is equal to comes out to be 1.

So, this is not equal to 1. So, you may say that this is the varying volume system.

Now, it is given that we are dealing with the first order reaction with the k is equal to 0.5 per
second. So, Vo is equal to 1 kilo mole per second and T is equal to 527 degrees Celsius + 273
that is 800 Kelvin and Xa is equal to 0.4 that is, you need to calculate the volume. Now, in that
case, Vo is equal to 1 into 22.4 into 800 upon 273 or Vo is equal to 65.64 metre cube per second.

Now, if we talk about the varying volume system in that case V is equal to Vo 1 + epsilon A
Xaor V is equal to Vo 1 + Xa that is because, we have already found out the value of epsilon
as one. So, the rate for decomposition of reactant A can be written as — ra is equal to k Ca.
(Refer Slide Time: 07:52)
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Now, —ra is equal to k Cao (1 — Xa) upon 1 + epsilon A Xa. So, —ra is equal to k Cao (1 — Xa)
upon 1+ Xa that is for epsilon A is equal to 1 this can be my question number. So, when we
talk about the performance equation. So, Performance Equation for PFR can be written as tau
is equal to V upon Vo is equal to Cao, 0 to Xa dXa upon -ra and that is equal to Cao,0 to Xa
dXa (1 + Xa) upon k Cao (1 — Xa).

So, V upon Vo that is equal to tau that is equal to 0 to Xa into 1+ Xa upon k into 1 — Xa dXa.
(Refer Slide Time: 09:10)

So, tau is equal to V upon Vo that is equal to 1 upon k, 0 to Xa (1 + Xa) upon 1 — Xa) dXa. So,
if we integrate the things, then we may have, tau is equal to V upon Vo that is 1 upon K 1 — Xa
—2In 1 — Xaoto Xa. And that is equal to 1 upon k 1 — Xa —2In 1 — Xa — 1 and that is equal to
1 upon k Xa + 2In 1 — Xa or V is equal to Vo into — 1 upon K into Xa + 2In 1 — Xa.



So, if we substitute all the values, then V is equal to 65.64 into 1 upon 0.5 — into 0.4 + 2In 0.6.
Now, V will become at 81.61 metre cube. Now, this is my answer. And this is the required

volume for plug flow reactor for 40% conversion.

Solution
gg=2—-1=1
I.e., variable density system
Given
T =527 +273 =800 K
Xa=0.4
800
Vo =1X 224X 773 = 65.64 m3/s
—1p = G4k = %
= -1y = Ck = %
Performance equation for PFR
L, [
o o ~Ta
Vo1 X1+ X,)dX,
T=E=Ffo 1= Xn)
On integration we have
T= % = %[(1 —X,) —2In(1 — X))
vV 1
:’TZQZE[“ —X,) —2In(1 —X,) — 1]

:v=—%ﬂn+2ma—&n

1
=V =65.64 X (- 52)[0.4 +2In(0.6)]

=V =281.61m3
(Refer Slide Time: 10:47)



Problems

Problem-03: For a second order liquid phase reaction A - P, occurring in an isothermal plug
flow reactor, the conversion is 50%. What will be the conversion If the plug flow reactor is
replaced by a continuous stirred tank reactor of same volume?.  {| = f R
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Now, let us take another problem that is for a second order liquid phase reaction A is converting
to P. Now, occurring this particular this thing in an isothermal plug flow reactor, the conversion
is 50%. Now, you need to find out that what will be the conversion if the plug flow reactor is
replaced by CSTR in the same volume. So, let us take the cognizance of this particular reaction

A is converting into P.

So, the rate equation for the second order because it is given that second order, so, the rate
equation for the second order can be given as — ra is equal to k Ca square and that is — ra is
equal to k Cao squared 1 — Xa square. So, this is my equation number 1. So, when we write the
performance equation for PFR then tau is equal to Cao, 0 to Xa dXa upon —ra and tau is equal

to Cao, 0 to Xa dXa upon k Cao squared 1 — Xa squared that is from the equation number 1.

So, if we integrate this particular equation, then we may have tau is equal to 1 upon k Cao 1
upon 1 — Xa —1 and tau is equal to 1 upon k Cao 1 upon 1 — 0.5 — 1 that is equal to 1 upon k
Cao and tau is equal to 1 upon k Cao that is my equation number 2.

(Refer Slide Time: 12:35)



So, similarly, the performance equations for the equation for MFR that is tau is equal to
performance equation for MFR, tau is equal to Cao— Ca upon — ra and this particular equation,
we can say that this is equal to Cao Xa upon — ra that is my equation number 3. Now, how it
can achieve that is Ca is equal to Cao into 1 — Xa that comes out to be Ca — Cao is equal to —
Cao Xa and Cao Xa is equal to Ca — Cao.

So, from equation 3 and 1, we may have tau is equal to Cao Xa upon k Cao 1 — Xa squared and
tau is equal to Xa upon k Cao 1 — Xa square. So, this equation if we take all the things into co-
ordination, then we may write Xa upon 1 — Xa squared that is my equation number 4. So, for
same value of the mixed flow reactor, the tau will become 1 upon k Cao that is from the equation
number 2.

(Refer Slide Time: 14:28)




So, if we take the equation number 4, this one and equation number 2, then we may have 1
upon 1 is equal to Xa upon 1 — Xa is square or 1 — Xa squared is equal to Xa or this may
become 1 + Xa squared — 2 Xa is equal to Xa or Xa squared 3 Xa+ 1 is equal to 0. So, Xa, this
is the cubic root equation. So, Xa is equal to — 3 + —, — 3 square — 4 into 1 into 1 upon 2 into 1.

And if we calculate the final value of Xa that is comes out to be 2.618, 0.3819.

Now, in this the most feasible because this one is more than 1. So, this one is most feasible.
So, Xa is equal to 0.3819 and that is my answer. Now, we have nullified this, this route just
because it is more than 1.
Solution;
Given that
A—P (second order liquid phase reaction)
—rp = kCp?
—ra = kCp2 (1 — Xa)?

Performance equation for PFR

\Y Xa dX
’[=—=CAOJ __
Vo 0 Ir'a

vV Xa dX,
T_V__CAJ KCA2(1 — X, )2
o) 0 AO( A)

on integration we have

_v_ 1.1
s _kcAO[1—xA ]
1 1
= [—e— 1
kCy, 1—0.5
1
=>7T Koa @
Performance equation for MFR
V. Gy, —Ca CpXa
e Vo B —Ta B —Tp
XA

= kCAO(l—XA)2 (2)

now, form equation (1) and (2) we have



1 XA
kCa, kCp, (1 —Xa)?

On rearranging we have
~(1-Xp)?
= Xp = (1—Xp)?

1

> X3 —3X,+1=0
On solving we have
X, = 2.618 0r 0.3819
As conversion can’t exceed to 1 so, 2.618 is not a valid option.
X, = 0.3819 (answer)
(Refer Slide Time: 15:49)

Problems

Problem-0d: Substance A in the liquid phase produces R and 5 by the following reaction.
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The feed (C,=1.0, G, =0, C,;= 0.3) enters two mixed flow reactors in series {1,= 2.5, 1,210 min
). The given compasition in the first reactor (C,,=0.4, C;,=0.2, and C;,=0.7). Then find the

compaosition leaving the second reactor 7, —
Solution:

Now, let us take another example. Now, here, the substance A in the liquid phase produces R
and S by this following reaction. Now, the feed having Cao is equal to 1 and Cro is equal to 0
and Cso is equal to 2.3. Now, this interest into 2 mixed flow reactors in series, the values of tau

1 and tau 2, they are given that is 2.5 and 10 minutes.

The given composition the first reactor is given like this that is Ca1 is equal to 0.4 and Crz is,
Cru is equal to 0.2 and Csi1 0.7. Then you need to find the composition leaving the second
reactor.

(Refer Slide Time: 16:41)



Now, it is given that we are having the 2 MFR in series. So, let us first the advisable to have a
pictorial representation, these are my 2 MFR. Now, here, the tau is given 2.5 minute and then
Caa1 this is 0.4, Cra, it is equal to 0.2 and Csz that is 0.7, this is my 2 and 1. And here, the Cao
is equal to 1, Cro is equal to 0 and Cso is equal to 0.3. So, you need to find out Ca2, Cr2 and
Cs2.

So, for MFR 1, this is first my first reactor and this is my second reactor. The performance
equation for MFR 1, the performance equation tau is equal to Cr1 — Cro upon k 1 Ca1. Now,
this can be 2.5 equal to 0.2 — 0 upon k 1 into 0.4 and that k 1 comes out to be 0.5. This is for
R. Now, for S, the tau 1 that is Cs1 — Cso upon k 2 Ca1. Now, if we substitute the value 0.7 —
0.3 upon kz into 0.4. This is coming out to be 0.5. So, k2 is equal to 0.4.

(Refer Slide Time: 18:42)
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Now, for the second MFR the steam exit from the first MFR is the feed stream for the second
1. So, tau 2 is equal to Ca1 — Ca2 upon ki Caz square + k2 Ca2. Now, let us put all the values
10 is equal to 0.4 — Ca2 upon 0.5 Ca2 + 0.4 Ca2. Now, if we substitute all the values and
rearrange all those things, then we find that it is 5 Caz square + 4 Ca2 + Caz2 — 0.4. This comes
out to be 0.

Now, if we solve this particular equation, we have Caz is equal to 0.0745 and that is my answer,
first answer. Now, for R, we are having tau 2 is equal to Cr2 — Cr1 upon ki Caz. And if we
substitute the value 10 is equal to Cr2 — 0.2 upon 0.5 into 0.0745 and that is Cro is equal to
0.2278 that is my answer number 2. Now, similarly, if we talk about for S, then tau 2 is equal
to Cs2 — Cs1 upon k2 Caz.

And if we substitute all the values, then it comes out to be 10 is equal to Cs2 — 0.7 upon 0.4 into
0.0745, which we already determined, then Cs2 would be 0.998 that is my answer. So, by this
way, we solved all these things which are needed.

Solution;

At the entrance of first reactor

Cao=1
Cro=0
Cs0=0.3
At the entrance of the second reactor
Cna1=0.4
Cr1=0.2
Cs1=0.7
For reactor 1, formation of desired product R can be calculated as
T, = Cr1 — CZRO
kl CRl
5 — 02-0
ki x (0.4)2
k, =05
Similarly for undesired product ‘S’
T, = Cs1 — Cso

k2651



0.7-0.3
k, x (0.4)

k2 =04

25 =

In MFR 2
Ca1 — Cpz
k1Caz® + kyCaz
0.4 — Cy
T 0.5C,,° + 0.4C,,

T2:

5Cu,° +4Cy, +Cap — 04 =0
On solving it we have
C,, = 0.8345 (answer)

For formation of desired product R

T, = CRZ - CR1
f kG’
CRZ - 02
10=—————
0.5 x 0.0745%

Cro, = 0.2278 (answer)

For formation of desired product ‘S’

7, = CSZ - CSl
P koG
CSZ - 07
10=—2——
0.4 x 0.0745

Cs, = 0.998 (answer)
(Refer Slide Time: 20:59)

Problems

Problem-05: Liquid reactant A decomposes as follows:

e kaCA k= 0.4 m¥/mal, mm

\ r.;- E,Cﬁ\ k= 2 min*
\ -

A feed of agueous A :C =40 mnlfm3] enters a reactor, decomposes and a mixture of A R & 5
leaves. Then find CR, Cs and tf for K,l =03 ins plug flow reactor, -

Solution:




Now, let us take another problem that is problem number 5. Here, the liquid reactants reactant
A is decomposing as per this following scheme. And the rate is given like this, a feed of aqueous
A that is initial gradients are given that Cao is equal to 40 moles per metre cube. This enters
into a reactor, decompose it, it is and the mixture of A, R and S are coming out. Then you need
to find out the Cr, Cs and tau for Xa is equal to 0.9 in the plug flow reactor.

So, let us solve and it is advisable that every time when you need to solve this thing, then you
draw a rough figure.

(Refer Slide Time: 21:49)

So, let us draw the rough figure of my plug flow reactor that is Xa is equal to 0.9, Cr you need
to find out, Cs you need to find out. Here, the Xao and Cao is given 40 moles per metre cube.
So, the rate of formation of R that is rr is equal to ki Ca and ki is equal to 0.4 metre cube per

mole minute. So, rate of formation of S, rs is equal to k2 Ca and kz is equal to 2-minute inverse.

Now, for desired product S the instantaneous fractional yield we discuss this, this one though.
So, instantaneous fractional yield chi is given as rs upon rr + rs and that is dCs upon dCr +
dCs. Now, chi S upon A that is equal to k 2 Ca upon ki Ca square + k2 Ca. Now, it comes out
to be 2 into Ca upon 0.4 Ca + 2 Ca or chi S upon A that is equal to 1 + 0.2 Ca.

(Refer Slide Time: 23:38)



Now, for PFR that is chi S upon A is equal to — 1 upon Cao — Ca that is Cao to Ca chi dCa.
Now, here we are having Xa is equal to 0.9 and Ca is equal to Cao 1 — Xa that is 40 into 1 —
0.9 and Ca is comes out to be 4. So, chi S upon A that is equal to — 1 upon 40 — 4, 4 to 40 dCa
upon 1+ 0.2 Ca. And if we substitute all the values upon integration, so, this is 1 upon 36 into
0.21In 1+ 0.2 Ca 4 to 40 or phi, this comes out to be chi S upon A comes out to be 0.2235.

So far final concentration of desired product would be Cs is equal to phi sorry, chi this is chi
Cao — Ca and that is 0.2235 into 40 — 4 and this Cs comes out to be 8.047.
(Refer Slide Time: 25:21)

Now, if we say for the other before R, then Cr is equal to 1 — chi into Cao — Ca and this Cr is
equal to 1 — 0.2235 into 40 — 4 and Cr comes out to be 27.954 and if we need to find out the
tau, tau is equal to Cao Ca dCa —ra that is 4 to 40 dCa upon 2 Ca + 0.4 Ca. Now, this is 0.4, 4



to 40 dCa upon 5 Ca + Ca square. Now, if we substitute all the values, then it comes out to be
2.5 into 1 upon 5 In Ca upon Ca + 5 and tau is equal to 1 half In 2, this is 0.347. This is my
answer.

Solution;

Rate of formation of R

rr = kiCa?

k1 = 0.4 m3mol.min

Rate of formation of S

rs = koCa
k2 = 2 mint
(S) T dC,
?\4 _r+rA dC, + dc,
(S) k,Cy
Y\a Ts + T4 k1CA2 + kyCy
S 2,
o)
A) T 04C,% +2¢C,
S 1
- o)z
A) T 1+02C,
For PFR

L
>¢0(—)|=——
LAV AR S G

As we know the relation of Cao and Ca in terms of conversion i.e.,
Cy = CAo(l — X4)
C,=40(1-09) =4

s
:)“’(Z) @0 — 4)J 1+0ch
> (S)— L L+ o020

S
=@ <Z) = 0.2235
Cs = p(Cyy — Ca)
Cs = 0.2235(40 — 4)
Cs = 8.047
For R
Cr = (1= 9)(Cay — Ca)



Cr = (1 —0.2235)(40 — 4)
Cp = 27.954

Now

Cadc, 40 dc,
Tzf%—_r,qu‘L 2C, + 04 x )’
1 (% dc,
"Toal, scvel

1 (% dc,
FT04), GrcG

1 1 G o

= X =1

T=0a s GTs
—112
T—El’l

T = 0.347 min (answer)

(Refer Slide Time: 26:46)

Problems

Prablem-06: A well stirred reaction vessel is operated as a semi-batch reactor in which it is
propased to conduct a liquid phase first arder reaction of type A - B, the reactor is feed with
the reactant A at a constant rate of 1 litre/min having feed :unl:le_ntmtinn equal to 1 mol/litre.
The reactor Is initially empty. Find the conversion of reactant A based on moles of A fed at
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Now, let us take the last example of this particular lecture. Here, well stirred reaction vessel is
operated as a semi batch reactor in which it is proposed to conduct a liquid phase first order
reaction of type A is converting into B. Now, the reactor is fed with the reactant A at a constant
rate which is given to be 1 litre per minute having the feed concentration equal to 1 mole per

litre.



Now, the reactor is initially empty. So, you need to find out the conversion of reactant A based
on moles of A fed at the time ‘t’ is equal to 2 minutes. Now, the k is given as 1 metre inverse.
So, first here, we need to find out, we need to write the material balance for reactant A. So,
material balance for reactant A that is input + output sorry, input is equal to output +

accumulation + disappearance.

So, if we try to write the mathematically, vo Cao is equal to 0 + d upon dt V Ca + —ra V and vo
Cao this is equal to V dCa upon dt + Ca dV dt + k Ca V. Now, this is because V is equal to vo
+ vo t and this V is equal to vo t, if we put this equal to 0. So, we can write this as nu 0, vo Cao
isequal tovo+ dCadt+ Caddt+ Kk Cat.

(Refer Slide Time: 29:09)

So, finally, the we can write that Cao is equal tot dCa upon dt + Ca+ k CatordCadt+ 1 +k
t upon t Ca is equal to Cao upon t that is my equation number 1. So, this equation is the form
of you can say, dy over dx + P y equal to Q. So, we can write IF is equal to P dx, now, P is
equal to 1+ k t upon t and this is equal to Cao upon t.

(Refer Slide Time: 30:05)



So, when we talk about the integration factor, this IF can be represented as exponential of 1 +
k t upon t dt. Now, this is equal to dt over t + k dt and this can be written as e to the power In t
e k t. So, integration factor that is equal to t into e to the power k t. Now, if we talk about the
solution of equation number 1 which we developed previously, so, y 0 into integration factor

is equal to integration factor dx plus constant.

So, this can be Ca into t e to the power k tis equal to Cao t t e to the power Kk t dt plus integration
constant C.
(Refer Slide Time: 30:05)

And this can be written more precise manner, t Cao e to the power k t Cao upon k e to the power

k t + C1. This is my equation number 2. So, when t is equal to 0, Ca is equal to Cao. So, from



equation to this from this equation, we can write 0 is equal to Cao upon k e to the power 0 +

Cy, Cais equal to k. This is my equation number 3.

So, again we take the help of this equation, then this is t Ca e to the power k t is equal to Cao
upon K e to the power k t — Cao upon k. So, t Ca e to the power K t is equal to Cao upon k e to
the power k t —t.

(Refer Slide Time: 32:34)

Now, further if we go on carrying out this particular rearrangement, then Ca upon Cao is equal
to 1 upon k t e to the power k t — 1 e to the power — k t and this is equal to 1 upon kte kte —
k't or C upon Cao is equal to 1 upon k t 1 — e to the power — k t. So, if we put the value of this
Cao over here and rearrange, then we find that this particular equation becomes 1 — Xa is equal
to 1 upon k t 1 — e to the power — k t. So, this is my equation number 4.

So, now, here, we are given that k is equal to 1 minute per minute inverse, t is equal to 2. So,
if we utilise this equation, we may have 1 — Xa is equal to 1 upon 1 into 2, 1 — e to the power
— 2 into 1 and that comes out to be Xa is equal to 0.567 and that is my final answer.

(Refer Slide Time: 34:05)

Solution;

Mole balance for reactant A

I/P = O/P + Accumulation + Disappearance

Vo Cao = 0 + d(VCa)/dt + (-ra)V

VdC, C,dV
voCa, = ar T at

+kC,V



dc C,(dvyt
4 a(dvgt)

VoCy, = Vo it I + kCyvgt
V=V,+ vyt
As V, = 0 so,
V = vyt
tdC,
Cy, = It + Cy + kCyt
dCy 1+kt Cag

-t G=— 1)

The above equation is the form of differential equation which can be written as

dY+PY—
dx =0

Integration factor for the above equation can be written as
I.F = el PaX
Here P = (1+kt)/t
Q =Caolt
For the above equation (1) the integration factor can be written as

1+kt
LF = el ¢
On solving this we have

LF = teft  (2)

The solution for the above differential equation can be written as

Y(I.F) =fQ.IF.dX +C

Cy(t. ekt) = f [%(t.e’“)dt] +C

Cult.e") =22 (ek) 1 ¢ (3)

When t=0 and C, = Cy,

C
0=-22(e%+¢
k
Ca
==

On putting this value of integration constant in the above equation (3) we have

C C
Calt.e") = =2 (k) + - =2

C
ﬂ(ekt_l)

= Cy(t.ekt) = -



Cy 1 .
=2 - -1 —kt
G, " wle e

> (1-X)=—(1-e*) ()
Here we have given k =1 mintt=2
1
= (1 _XA) =m(1 —8_2)

X, = 0.567 (answer)
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Now, in this particular chapter, we discussed a variety of problems related to the space time
etcetera. And we took the help of these 2 references which are listed over here. And thank you

very much.



