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DSE Mathematics Module 1 5. Indefinite Integrals

5. Indefinite Integrals

Calculus Area

Integration with Its Applications

7. Indefinite integrals 7.1 recognise the concept of indefinite integration

and their applications 7.2 understand the basic properties of indefinite

integrals and basic integration formulae

73 wuse basic integration formulae to find the
indefinite integrals of algebraic functions and
exponential functions

7.4 use integration by substitution to find indefinite
integrals

7.5 use indefinite integration to solve problems

Section A

12x—-48
(3x* —24x+ 49)
(@ If f(x) attains its minimum value at x=e¢, find .
(b) It is given that the extreme value of £ (x) is 5 . Find
M f&),

(i) lim /).

L. Let f(x) be a continuous function such that f'(x)= for all real numbers x.

(6 marks) (2018 DSE-MATH-M1 Q5)
2. (a)  Express %((x“+l)ln(x2+l)) inthe form /(x)+ g(x)n(x* +1) , where f(x) and g(x)
are polynomials.
(®)  Find [xh(e + 1 .
(7 marks) (2015 DSE-MATH-M1 Q8)

5.1
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5. Indefinite Integrals

The slope of the tangent to a curve § at any point (x,y) on S is given by % = (Zx— l] ,
x

where x>0.

Apoint P(1,5) lieson S.

(a) Find the equation of the tangent to § at P.

3
(b) (i) Expand (2x—l) i

X

(i) Find the equation of § for x>0.
(7 marks) (2014 DSE-MATH-M1 Q3)

The government of a country is going to announce a new immigration policy which will last for 3
years. At the moment of the announcement, the population of the country is 8 million, After the

announcement, the rate of change of the population can be modelled by

L (0<r<3),
dt 3

where x is the population (in million) of the country and ¢ is the time (in years) which has
clapsed since the announcement. Find x in terms of 7.
(5 marks) (2014 DSE-MATH-M1 Q5)

The rate of change of the value ¥ (in million dollars) of a flat is given by a —— , Where

dt 4r+1
¢ is the number of years since the beginning of 2012. The value of the flat is 3 million dollars at
the beginning of 2012. Find the percentage change in the value of the flat from the beginning of
2012 to the beginning of 2014.
(5 marks) (2012 DSE-MATH-M1 Q2)

An advertising company starts a media advertisement to recruit new members for a club. Past

experience shows that the rate of change of the number of members N (in thousand) is given by

ﬂ _ 0.38—(1.21
dt (1 Jre'"‘z’)1 ’

where ¢ (2 0) is the number of weeks elapsed after the launch of the advertisement. The club has
500 members before the launch of the advertisement.
(@  Using the substitution u=1+e™* | express N intermsof ¢ .
(b) Find the increase in the number of members of the club 4 weeks after the launch of the
advertisement. Correct your answer to the nearest integer.
(c) Will the number of members of the club ever reach 1300 after the launch of the
advertisement? Explain your answer.
(7 marks) (2012 ASL-M&S Q3)

5.2

DSE Mathematics Module 1
i

5. Indefinite Integrals
A company launches a promotion plan to raise revenue. The total amount of money X (in million

dollars) invested in the plan can be modelled by

2
ﬂ:ﬁ[;j s >0 s
dt 0.2¢3 +1

where ¢ is the number of months elapsed since the launch of the plan.

Initially, 4 million dollars are invested in the plan.

(a) Using the substitution #=0.2¢° +1 , or otherwise, express X in terms of ¢ .

(b) Find the number of months elapsed since the launch of the plan if a total amount of 13
million dollars are invested in the plan.

(c)  Ifthe company has a budget of 14.5 million dollars only, can the plan be run for a long time?

Explain your answer.
(7 marks) (2011 ASL-M&S Q2)

. . d4
An archaeologist models the presence of carbon-14 remaining in animal skulls fossil by v =—lkA

where A4 (in grams) is the amount of carbon-14 present in the skull at time ¢ (in years) and &
is a constant. Let A, (in grams) be the original amount of carbon-14 in the skull. It is known that

half of the carbon-14 will disappcar after 5730 years.

(a) By expressing gg— in terms of A4 , or otherwise, find the value of &k correct to 3

significant figures.
(b) In an animal skull fossil, the archaeologist found that 30% of the original amount of
carbon-14 is still present. Find the approximate age of the skull correct to the nearest ten

years.
(6 marks) (2010 ASL-M&S Q3)

A scientist models the proportion, P , ofthe initial population of an endangered species of animal
still surviving by
dP _ -0.09
dt r+1

where 7 is time in months since the beginning of his study, and 7 is the number of months elapsed

(0<r<T)

for the population size to decrease to 0. It is given that when 7=0 , P=1
(a) Find the proportion of the endangered species surviving after f months from the beginning
of the study.
(b) What is the proportion of the endangered species dying off within the first 5 months of the
study?
(c) Determine the value of 7 .
(6 marks) (2009 ASL-M&S Q2)
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DSE Mathematics Module 1 5. Indefinite Integrals

10.  The rate of change of concentration of a drug in the blood of a patient can be modelled by
& -5y L. 1 +1.2¢7 s
dt t+2 t+5

where x is the concentration measured in mg/L and ¢ is the time measured in hours after the
patient has taken the drug. It is given that x=0 when =0 .
() Find x in terms of ¢ .
(b) Find the concentration of the drug after a long time.
(6 marks) (2008 ASL-M&S Q3)

11. A researcher models the rate of change of the number of certain bacteria under controlled

conditions by

dN 800«

At (@2 +50)F
where N is the number in millions of bacteria and t(Z O) is the number of days elapsed since the
start of the rescarch. It is given that N=4 when =0 .
(a) Using the substitution u=2¢>+50 , or otherwise, express N in terms of 7 .
(b) When will the number of bacteria be 6 million after the start of the research?

(7 marks) (2007 ASL-M&S Q2)

12.  Aresearcher models the rate of change of the number of fish in a lake by

dv 6

& =4 ’
(e +e *)?

where NV is the number in thousands of fish in the lake recorded yearly and z(z 0) is the time

measured in years from the start of the research. It is known that N =8 when =0 .
!

6¢? !

dv . I 3 ; ;
(a) Prove that — = . Using the substitution u =e? +1 , or otherwise, express N in

(e? +1)?
terms of 7 .
(b) Estimate the number of fish in the lake after a very long time.

(6 marks) (2004 ASL-M&S Q2)

5.4
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5. Indefinite Integrals
After a fixed amount of hot liquid is poured into a vessel, the rate of change of the temperature &

of the surface of the vessel can be modelled by
d6 _12(100-p)e™

dr =t 7
25(1+ 31

where ¢ is measuredin 'C and #(>0) is the time measured in seconds. Initially (¢=0), the
temperature of the surface of the vesselis 16°C .

—t
=t d
Let u=1+3te® | find <L |

@ O

(i1) Using the result of (i), or otherwise, express @ interms of ¢ .
(b) Will the temperature of the surface of the vessel get higher than95°C ? Explain your
answer briefly.
(7 marks) (2003 ASL-M&S Q2)

An engineer conducts a test for a certain brand of air-purifier in a smoke-filled room. The
percentage of smoke in the room being removed by the air-purifier is given by S %. The engineer
models the rate of change of S by
ds 8100«
At (3r+10)°
where 7 (>0) is measured in hours from the start of the test.

>

(a) Using the substitution # = 3¢ + 10, or otherwise, find the percentage of smoke removed from
the room in the first 10 hours.
(b) If the air-purifier operates indefinitely, what will the percentage of smoke removed from the
room be?
(5 marks) (2002 ASL-M&S Q4)

The total number of visits N to a web site increases at a rate of

1 1
%:H(Sﬂlﬁ) (0<7<100),
where 7 is the time in weeks since January 1, 1999. It is known that N =100 when r=1 .
(a) Express N in terms of 7 .
(b) Find the total number of visits to the web site when ¢ = 64 .

(6 marks) (1999 ASL-M&S Q4)

5.5
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5. Indefinite Integrals
A mobile phone company plans to invite a famous singer to help to promote its products. The

Executive Director of the company estimates that the rate of increase of the number of customers
can modeled by

(0<r<365),

E — 65000004
dt

where x is the number of customers of the company and ¢ is the number of days which has elapsed
since the start of the promotion campaign.
(a) Supposec that at the start of the campaign, the company already has 57 000 customers.
Express x in terms of 7.
(b) How many days after the start of the campaign will the number of customers be doubled?
(6 marks) (1998 ASL-M&S Q4)

A machine depreciates with time 7 in years. Its value § ¥(r) is initially $20 000 and will drop to $
0 when 7=k (k20). The depreciation rate at time ¢ is
V'(t)=200(z —15) for 0<r<k .
(a) V() for 0<t<k
(b) the value of k , and
(c) the total depreciation in the first 5 years.
(7 marks) (1997 ASL-M&S Q4)

In;
Let y=% (x>0), find % .

Hence or otherwise, find Ilf-;dx .
X

(5 marks) (1996 ASL-M&S Q2)

The value M (in million dollars) of a house is modeled by the equation
w1, 1
dr 3+4 Jri2s

where 7 is the number of years elapsed since the end of 1994 . The value of the house is 3.1 million
dollars at the end of 1994 .
(a) Find, in terms of ¢, the value of the house ¢ years after the end of 1994 .
(b) Find the rise in the value of house between the end of 1994 and the end of 2000 .

(7 marks) (1995 ASL-M&S Q4)

The rate of spread of an epidemic can be modelled by the equation
LIS g ;
t

where x is the number of people infected by the epidemic and ¢ is the number of days which
have elapsed since the outbreak of the epidemic. If x=10 when 7=0 ,express x interms of
t

(6 marks) (1994 ASL-M&S Q5)

5.6

DSE Mathematics Module 1

5. Indefinite Integrals

Section B

21.

In a research of the radiation intensity of a city, an expert modelled the rate of change of the
radiation intensity R (in suitable units) by

dR _a(30—1)+10

dr (1357 +b
where ¢ (0 <t<T ) is the number of days elapsed since the start of the research, a, b and T
are positive constants.
Tt is known that the intensity increased to the greatest value of 6 units at 7 =35 , and then
decreased to the level as at the start of the research at ¢ =T . Moreover, the decrease of the

. 61 .
intensity from 7=40 to r=41 is ln% units

(a) Find the value of a.

(2 marks)
(b) Find the value of T .

(4 marks)
(c) Express R interms of /.

(4 marks)

(d) For 0<¢<35 , when would the rate of change of the radiation intensity attain its greatest

value?
(4 marks)
(2012 DSE-MATH-M1 Q11)
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5. Indefinite Integrals
The manager, Mary, of a theme park starts a promotion plan to increase the daily number of visits

to the park. The rate of change of the daily number of visits to the park can be modelled by
dN _ k(25-1)
d[ e(l.(l4l +4t

where N is the daily number of visits (in hundreds) recorded at the end of a day, ¢ is the

(£20),

number of days elapsed since the start of the plan and % is a positive constant.

Mary finds that at the start of the plan, N =10 and Li,—];/ =50,

(@ () Let v=1+4™™ | find % .

(i) Find the value of k, and hence express N interms of 7 .

(7 marks)

(b) (i) When will the daily number of visits attain the greatest value?
) (ii) Mary claims that there will be more than 50 hundred visits on a certain day after the

start of the plan. Do you agree? Explain your answer.

(3 marks)
(c) Mary’s supervisor believes that the daily number of visits to the park will return to the
original one at the start of the plan after a long period of time. Do you agree? Explain your

answer.

(Hint: lim z¢™"* =0.)
>0

(2 marks)
(SAMPLE DSE-MATH-M1 Q11)
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23.  Abiologist studied the population of fruit fly 4 under limited food supply. Let # be the number of

days since the beginning of the experiment and N’(#) be the number of fruit fly 4 at time t. The
biologist modelled the rate of change of the number of fruit fly 4 by

N'(t) = ——— >0
® 1+ he™ ( )

where 4 and k are positive constants.

(a) (i) Express In A—l as a linear function of 7.
N'(2)

(ii) It is given that the intercepts on the vertical axis and the horizontal axis of the graph
of the linear function in (i) are 1.5 and 7.6 respectively. Find the values of / and & .
(4 marks)
b) Take h~=4.5 and k=0.2 , and assume that N(0) = 50 .
i) Let v=h+e" ,fmdﬂ .
dt
Hence, or otherwise, find N(7) .
(i1) The population of fruit fly B can be modelled by

M(t) = 21[1+—Z—e"")+b ;

where b is a constant. It is known that M(20) = N(20) .

(1) Find the value of b .
2) The biologist claims that the number of fruit fly 4 will be smaller than that of
fruit fly B for £>20 . Do you agree? Explain your answer.
[Hint: Consider the difference between the rates of change of the two populations.]
(11 marks)
(2008 ASL-M&S Q8)
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An airline manager, Christine, notice that the weekly number of passengers of the airline is

declining, so she starts a promotion plan to boost the weekly number of passengers. She models the

rate of change of the weekly number of passengers by

dv _ 300-90 e
dt P —6t+11 ik

where x is the weekly number of passengers recorded at the end of a week in thousands of

passengers and ¢ is the number of weeks elapsed since the start of the plan.

Christine finds that at the start of the plan (i.e. ¢ =0), the weekly number of passenger is 40

thousand.

(@

(b)

©

(d

L J

Let v=r*—6r+11, find L .
dt

Hence, or otherwise, express x in terms of 7 .

(4 marks)
How many weeks after the start of the plan will the weekly number of passengers be the
same as at the start of the plan?

(2 marks)
Find the least weekly number of passengers after the start of the plan. Give your answer
correct to the nearest thousand.

(3 marks)
The week when the weekly number of passengers drops to the least is called the Recovery
Week.
(i) Find the change in the weekly number of passengers from the Recovery Week to its

following week. Give your answer correct to the nearest thousand.
(i)  Provethat (r+1)7 —6(+1)+11<3(*—6:+11) foralls.

(ii))  Christine’s assistant claims that after the Recovery Week, the change in the weekly
number of passengers from a certain week to its following week will be greater than

25 thousand. Do you agree? Explain your answer. .

(6 marks)

(2006 ASL-M&S Q8)
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5. Indefinite Integrals

25. A web administrator, David, launches a promotion plan to increase the daily number of visits to his
web site. The rate of change of the daily number of visits to the web site can be modelled by

dN _ k(50-1)

di 2% 43

>

where N is the daily number of visits recorded at the end of a day in thousands of visits, #(>0) is the

number of days elapsed since the start of the plan and  is a positive constant.

(@)

David finds that at the start of the plan (i.e. 1=0), % ~100 and N=10 .
(i) Let v=2+3te% | ﬁnd% .
a

(b)

-
"h

(ii) Prove that k=4 and hence express N in terms of £ .
(7 marks)

David claims that the daily number of visits to his web site will be greater than 500

thousand on a certain day after the start of the plan. Do you agree? Explain your answer.

(4 marks)
d*N
i Find
(1) px
. . . dN ;
(ii) Describe the behaviour of N and T during the 3rd month after the start of the
dt
plan.
(4 marks)
(2005 ASL-M&S Q9)
5.11
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DSE Mathematics Module 1 5. Indefinite Integrals
26. A food store manager notices that the weekly sale is declining, so he starts a promotion plan to
boost the weekly sale. He models the rate of change of weekly sale G by
dG  2t-8
dir P —81+20
where G is the weekly sale recorded at the end of the week in thousands of dollars and ¢ is the

(e=0) ,

number of weeks elapsed since the start of the plan. Suppose that at the start of the plan (i.e. 7=0),
the weekly sale is 50 thousand dollars.
(a) (i) Express G intermsof ¢ .

(i1) At the end of which week after the start of the plan will the weekly sale be the same
as at the start of the plan?

(5 marks)
(b) (i) At the end of which week after the start of the plan will the weekly sale drop to the
least?

(ii) Find the increase between the weekly sale of the 5th and the 6th weceks after the start
of the plan.

(iii)  The store manager decides that once such increase of weekly sale between two
consecutive weeks is less than 0.2 thousand dollars, he will terminate the promotion
plan. At the end of which week after the start of the plan will the plan be terminated?

(6 marks)

5

(c)  Let ¢, and ¢, be the rootsof =0 , where ¢ <t, .Find ¢, .

B

Briefly describe the behaviour of G and ‘;—G immediately before and after ¢, .

(4 marks)
(2002 ASL-M&S Q11)
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5. Indefinite Integrals

Section A

1. (2018 DSE-MATH-M1 Q5)
S. Notethat 3x?-24x+49=3(x~4)* +120 .

@ f'(x=0
12x-48 -0
(3x2-24x+497%
x=4

x (-, 4) 4 (4, )
£'(x) - 0 +
So, f(x) attains its minimum valueat x=4 .
Thus, we have a=4 ,

M

1A

f'(x)=0

12x-48
T o a0
(3x° = 24x +49)
x=4

£(x)
_ =108x? +864x 1716
T (3xT~24x+49)
£"(4)
=12
>0
So, f(x) attains its minimum valueat x=4 ,
Thus, wehave a=4 .

() () Let v=3x*~24x+49 . Then, we have %:6}:-244
f(x)
) 12548
(3x% -24x +49)?

2
={ —dv
J'v2
2

@l
v
=—z;+c
3x% ~24x+49

Since f(x) has only one extreme value, we have f(4)=5.
—— =2 +C=
3(4)y° —24(4)+ 49
c="7
-2

Thus, we have f(x)= o q——
3x* ~24x+49

(i) }_l{ll f(x)
=7

Marking 5.1

5. Indefinite Integrals

DSE Mathematics Module 1
2 (2015 DSE-MATH-M1 Q8)

5. Indefinite Integrals

d (6 2
a —{(x"+ D1 +1
@ (o D6 +n)
=(x*+1) 72x o 6x° In(x? +1) IM+1A | 1M for product rule
x4
=2+ =2 4] ,2" +6x° In(x? +1) IM
x“+1
=2x° = 2x% +2x4+6x° In(x? +1) 1A
) G5 +DInG2+1)= 2J'(x5 - +x)dx+6I 2 In(? + 1) de M
YG x‘ xz
Note that j‘(xs —%* +x)dx==——~2—+ 2+ constant . 1A
6 4 2
Thus, we have
5 2 1.4 2 x5 xt &
Jx’ln(x +1)dx=—(x° + ) In(x* +1) ~—+>— -+ constant . 1A
6 18 12 6
---------- @
(a) Good. Many candidates were able to apply product rule to find ?:—;-((xts +1)In(x? + 1))

2x
x4
@x° - 22 +2x)+ 6x° In(x® +1) .

(5 +1)

T 6x° In(x* +1) as

while some candidates did not understand the definition of polynomial and simply left
the  final  answer  instead  of

’ 2
(b) Fair. Many candidates employed a wrong substitution in finding !(xﬁ +1) = i] dx ,and
many candidates made careless mistakes in calculating the integration.
Marking 5.2
3 = 3 E 2 E - | S = [ P & 3 & = [ 3



= /| &3 == 23 23

DSE Mathematics Module 1

-

oy |

-/ T T T T/ ™

5. Indefinite Integrals DSE Mathematics Module 1

- T3

- ™

5. Indefinite Integrals

3: (2014 DSE-MATH-MI1 Q3) 4. (2014 DSE-MATH-M1 Q5)

3 dx _9-r*
(a) o =[2'1-l) a3
dxqs) 1 Let u=9-1 } -
=1 1A du = =2tdt
Hence the equation of tangent is y—5=1(x~1) . . Jl 9—1 dr
ie. x—y+4=0 1A '"
= t
2 2,2 2
iy ) N (1Y N 1'3—% M OR (_9_";_2.2_9_(_9.‘3’_)
b @) [Zx——) =(2x)° —3(2x)2(—J+3(2x)(—) —(—) M ;] -
X x X % 2
-1 2u?
6 1 =% 3¢ M
=8x3—12x+——-—3 1A 3
X x -1 20
===
1 3 When t=0, x=8 .
o _ . % o 3
(i) y= j[Zx x] dx : s=—91(9—0)2 +C M
1 . C=11
= J.{8x3—12x+g--—3]dx by (i) s
x x ie. x=——l(9—12)5+ll 1A
9
=2x4—6x2+61nfx|+-—1;+c M 16)
2x”
Satisfactory.
‘ ' Some candidates substituted =3 and x=8 tod i
Since P(1,5) lieson S, 5=2(1)* -6(1)> +6Inil|+2(;)2 +C . M jrivieree it ML = e (e Ve lIS 05
17
ie. C=—
2 5. (2012 DSE-MATH-M1 Q2)
Hence the equation of S is y=2x* —6x* +6lnx+ 17 +1—7- for x>0 . 1A Let u=4t+1. M
2x° 2 du =4dr
7 When ¢=0, #=1;when =2, u=9.
The change in the value of the flat
B Very good. 2 i
(b) (i) | Excellent. =J._____d, ™
(i) | Satisfactory. "9“’14’ +1 iy
. . 1 ) = | o
Some candidates did not know !-;dx:lnlx]arC,or wrote f;‘,—dx:—f; or .‘;J; 4 4
1 9
cide 1 1
, - — |d
22 6 1(‘/; - u
122 17 if[2 %
SR I, 1A A Lu2 _ou2
16{3“ 2u ] For 7 3u u
1 .
=% 1A
-3
Hence the percentage change =—§—x100%
=27%% 1A OR 27.7778%
[6)

Fair. Many candidates failed to find a suitable substitution or did wrong calculation in
substitution. Some found the value of the flat at the beginning of 2014 instead of the percentage
change. ’

Marking 5.3 Marking 5.4
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6. (2012 ASL-M&S Q3)

(@) Let u=l+e™® |
du=-0.2¢%dr
0.3 e—ozz
(]+e—0.21)2
N= [03. du
W —-02

N=

=i+C
2u
3
S 1 C
21+
When t=0, N=05.
Gl
4
. 3 1
ie. NenZ — =
21+e0%) 4

®) N@-N©O)

3 1

S ——— 0.5

20+ e—OJx() 4
=~ 0284961721
Hence the increase in the number of people is 285 .
dv _ 03e70%

¢) ——=————ex>0 forall 120
( ) dr (l & e—o.ﬂ )1

Hence N is always increasing.
fim & = lim| —>—— -1
oo oml 2(1+e ) 4
=125
Hence the number of members will never reach 1300 .

1A

1A

(@]

}

5. Indefinite Integrals

‘Withhold the last mark if
this argument is missing

OR by arguing that

OR by arguing that

3 1
—_— =13
2l+e™) 4
has no real solution

Satisfactory.

Many candidates overlooked the units and did not use 0.5 to represent 500 since N was
given in thousand. A number of candidates could not well explain their answer in (c) because
they did not state clearly that N' was an increasing function.

Marking 5.5
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7. (2011 ASL-M&S Q2)

dx t YV
a) —=6
& dt (0.213+1)
2

t
X=6 j——————oo dt
-[(0.213+1)2

5. Indefinite Integrals

For u =02t +1

- 3 - 2
Let #=0.2¢" +1 , and therefore du=0.6¢% dr . M or u=(026* +1)?
x=6] L du M
0.6u
=:1—9+C 1A
u
.
0263 +1
When =0, X=4 andhence C=14 .
Lo M T 1A
0.24% +1
® 13220 4
0.2° +1
t =%/45 months 1A OR 3.5569 months
10
(©) X=14- 5—— <14 forany value of . M
0.2¢7 +1
Hence the plan can be run for a long time. 1A
(@)
Good.
In part (c), although most candidates found the limit of X when t— o, the proof was
incomplete without showing that the fi was i ing
Marking 5.6
g x 2 E = =3 & 2

¥
-
¥

IC A



- -] T/ /] /M T/ M

DSE Mathematics Module 1
8. (2010 ASL-M&S Q3)

(@

When r=0, A=4y and when ¢=5730, A=—Azi.

0="lntp+C and 5730="Lnsc
x 2

SN
5730="21n2 + L4
kg T

|~

In2

[

g
5730
=~121x107* (correct to 3 significant figures)

ie k=

(b) A=034,
Fe -5730 In(0.34) + 5730 14,
In2 In2

- 57301n10

2 3
=~ 9950 years (correct to the nearest ten years)

- T ™

5. Indefinite Integrals

1A

M

1A

1A
©

Fair. This question required candidates to deal with

which was different from the more familiar format of

Part (b) was

dt 5 5 "
%7 and integrating with respect to 4

dd . . .
T and integrating with respect to 7.

srward for candidates who could solve (a).

Marking 5.7
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9. (2009 ASL-M&S Q2)

@ £= -0.09
dt 3+l
-0.09
P= mdi
=-0.06\3t+1+C
When t=0, P=1.
. 1=-0.06J1+C
C=1.06

ie. P=-0.06v3r+1+1.06

(b) When t=5, P=-0.063(5)+1+1.06=0.82
Thus, 18% of the population has died off.

() When P=0, 0=-0.06v37+1+1.06

T =103E
27

- 3 T3 ™

IMH1A

©

- T3 ™

5. Indefinite Integrals

Withhold 1A if C was omitted

OR 103.7037

did.

Some

Good. Some candidates were not clear about the concepts of definite and indefinite
integs were not sure about the fact that the total population is composed
of ied out_population and the urviving_ population.

10. (2008 ASL-M&S Q3)

dx 1 1 -0.1
2) =253 —— L1
® dr t+2 t+5)+u¢

! 1 0.1t
= {53 ———=—xl+1 g
J[ +2 z+5) il i

=53[(r +2)~Infr +5)]- 126 4+ ¢ (since £20)

When =0, x=0.
£0=53(n2-In5)-12+C
C=53(nS-1n2)+12

~16.8563
ie. x=53[In(t+2)~ In(t + 5)]-12¢%V +16.8563

®) limﬁs.snn(uz)—m(r +5)]~12e70H +16.8563}
130

=53 lim I "2 - 12 im &0V +16.8563
t 145 (=
=16.8563
Le. the concentration of the drug after a long time = 16.8563 mg/L

1A

M

1A

6)

OR 5.3[Inr + 2| Inje + 5[]
~-ne?M e

OR x=-++53In25+12

Good. Some candidates could not present the mathematical notation of the limit of x properly.

Marking 5.8
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11.
@

®)

(2007 ASL-M&S Q2)
Let u =212 +50 .
Then, we have EE—_: 4t .
dt

N
8001

(2¢% +50)2
J‘zgg du

So, we have N*.—202+C
u

Therefore, we have N =

Using the condition that N =4 when =0, wehave 4=—4+C .

Hence, we have C=8§ .

Thus, wehave N=8§ — ,‘,zi .
2t +50
When N=6, wehave § - —0_
2t 450

So, we have 1=5 .

The number of bacteria will be 6 million 5 days after the start of the research.

5. Indefinite Integrals

1A

1M

1A

vIM for finding C

1A

M
1A

—rereeeee(7)
Good. Many candidates could handle indefinite integration, but some forgot the constam‘
integration.
Marking 5.9
3 F—— | e | 3 £o= -3 —— — £

DSE Mathematics Module 1

12.

@

®)

(2004 ASL-M&S Q2)

v
&
_ 6
] ~f
(-:7+:z7)z
6

zt
(e (2 +1)
_ 6
N
e2 (e +1)’
L
622
XL
(e? +1)=
L
Let u=e2 4] .

d -
- Then, we have —u=—l-e2 .
dr 2

Also, dt-———@— . Now,
u—1

N

gl
J-(ez +1)?

jil(u—l)
v (u-1)

=J'-;1—-du

So, we have N=:£+C 5
u

Now, N = _12 +C .

5. Indefinite Integrals

1 must show steps

v 12
1A accept —=—
ccep! e ul )

IM for finding C

1A

1A

e (6)

Fair. Many candidates were not able to relate mathematical
presentations to integrations and taking limits.

e2 +1
Using the condition that N =8 whon t=0, wehave 8=-6+C .
Hence, C=14 ,
Thus, N =14 - ,12
e? 41
The required number of fish
=lim(14 - )
{—Ho -
22 +]
‘=14 - lim
t~eo
ez +1
=14 thousands
Marking 5.10
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13: (2003 ASL-M&S Q2)

=

(@ () Let u=1+3r¢'% _ Then,
du w3t
Qu _ 3,760 __3¢_ oo
a7 o0 ¢

R
T (1000

—t

12 (100 ~)e!%

25 =
(1+ 32100

= j—luidu

() 6=

—t
= 161n(1+3te1%0 )+ C
When t=_0 , @=16 , wehave C=16
-t
1

6=161n(1+3t'%0) + 16

~t

46 12(100-£)el®

ar e
25(1+310)
>0 ° if
=0 i ¢=100
<0 if t>100

# attains its greatest value when ¢ =100

(®)

0<t<100

Note that 6(100) =161n(1+300e™")+16

<95 ,
Thus, the temperature of the surface of the vessel will not get higher than
95°C:

Fair. Many candidates knew that the integration constant should

not be neglected.

5. Indefinite Integrals DSE
14.
@
IM for Product Rule + 1A
1A
IM" for finding C
1A
M for testing
1A
.—-—--———(.7)
®)

Marking 5.11

—/ T3 ™

Mathematics Module 1
(2002 ASL-M&S Q4)

i Im 8100 ¢
o (3t+10)°

Let u=3t+10.

du =3dr.
Whent=0,uz=10.
- Whent=10,u=40.

8100(“_10}1&1
40 3 3

10 3

S=
_ 0.1 10
= 9oo_[w o

40
= 900 [-i«»i}
u 2

- ™

-y T 1 T

5. Indefinite Integrals

1A

1M change of variable

u 10
=405 _os3105 1A
16 )
The percentage of smoke removed is 25.3125% . (
10
S= J. ﬂTd{ 1A
o (3r+10)
=900 _r j PR S LI, R IM change of variable
o | 32+10)%  (3t+10)° |- . .
1 5 10
=900{ - e
3+10 (3t+10)° |y
=253125 1A
i _]'-—8-130—’— ¢ = 900 ——L—+—3 _lic IM+1M for change of variable
(3+10)° 3t+10 (3r+10)?
When  =0,S5=0.Hence, wehave C=45.
; 1 5
So, $=900{ - 4 |+45. .
© { 3T +10 (3T+10)2} {
When f =10, $§=253125. 1A
_J»r 81001
0 (3r+10)°
3T+10
= 900[—l+i2]
“outly

1 5
= 900| - o+ 0.05
[ 37+10  (37+10)? }

5

lim § = lim 900 - ————+————>+
e Torm [3T+10 (3T +10)?

T
=45
45% of smoke will be removed.

Marking 5.12

y

1M taking limit and in terms of 7'
1A
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15. (1999 ASL-M&S Q4)

5. Indefinite Integrals

1 5 ) .
3 rs IM for integration
@ N= 1(8[3 HUSH IR pp-1 for missing N or dz
4 i
=603 +616 +c for some constant ¢. 1A pp—1 for missing ¢
N=100 when ¢=1
100=6+6+c = =88 1A
4 11
ie. N=63+606 +88
4 a
(b) When r=64, N =6(64)3 +6(64)6 +88
=13812 14
)
16. (1998 ASL-M&S Q4)
@@ x= J'ss’oe“’“'dz 1A pp—1 for missing ds
= ~162500¢™% + ¢ 1A pp-1 for missing ¢
B pp—1 for missing x
since x=157000 when =0
c=219500 IM+1A
x=219500 — 162500~
(b) If 57000 x 2 =219500 ~ 162500 % M
1 In 219500-1!4000)
then = 5504 162500 B
~108  (or107.9918) 1A r.t. 108
the number of customers will be doubled in
108 days after the start of the campaign. =
Marking 5.13
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17. (1997 ASL-M&S Q4)

5. Indefinite Integrals

@ VO = [200¢ - 19dr 1A
= 1002 = 30001 +¢ 1A
= V(0)=20000, .. c=20000 1A
Hence V(1) =100 = 3000 + 20000 for O<f<k.
® - V=0
100k 2 — 3000k +20000 = 0 M
k* =30k +200=0
(k =20)(k —10) =0
k=10 or 20 (rejected) 1A
k=10
(€  V(5)- V() M
= 100(5? = 3000(5) + 20000 — 20000
= ~12500
Alternativelv.
j: 200( — 15)dt M
= [100:2 - 3ooot]5
0
= —12500
The total depreciation ir the first 5 years is $12 500. 1A
)

18. (1996 ASL-M&S Q2)

dyv _1-Inx

dx x?
I Inx I
[F-%e-2 o
X X
Inx 1 Inx
—dx = | —dx-———
Ixz ! 'Ixz' g AEe) o L
l+lnx 1 Inx
& m——C (or ——~—+¢)
x X x
Marking 5.14
3 B -1 B 2 ¥ 3 F =] =

IM+1A

1A

1A

()]

1M for quotient rule

For applying anti-differentiation

pp-1 for missing dx more than
once

No marks for missing ¢
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19.

E N |
(a) He) = “31 +Eees) z]dc

(®)

20.

Let

(1995 ASL-M&S Q4)

- T T3 T

-1 T2 71

5. Indefinite Integrals

ia pp-1 for missing differcntial
E+4
2
= %m(smnz(mzss Zrc 1A + 13 1A for integrating 1 term
v H(0)=3.1
+ e =3.1-%1ne-10 1w
= —.i-mz-s.s (or ~7.3621)
H(t) = %h(scu)«»z/"‘rsc»« —%mz—s.s 1
( or 1in(3t+s)+2/T725-7.3621 )
The value of the house, in million dollars, t
years after the end of 1994 is
%1:1(3 £+4) +2/‘:‘+‘2§—-§-1n2-6 5.
The rise in the value of the house, in million dollars,
between the end of 1994 and the end of 2000 is
H{(6)-H(0)
= %lmzn{ﬁ-%mz—s.s—z.:. 1M
= %m%\«zm-m {or 1.7038) 1
6
H(6)-H(0) = [%1n(3c+4)+2n5:+ ]
o
1 2
= —3-1n22+2‘/§f—31n2—10 1M
1a

= %lnlzlnﬁ‘i—lo (or 1.7038)

(1994 ASL-M&S Q5)

u=ti+1,

then du=2tdc.

a
x = fzc(c’d) ide

3
= ul+c

%j’u_;du

3
(£2+1) 2ec

3
Since x=10 when t=0% 10=(0?+1) Z+c¢

c=9
3

x=(t2+1) 249

Marking 5.15

(7)

1M

1M

1A

1A

1M
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DSE Mathematics Module 1
Section B

21. (2012 DSE-MATH-MI Q11)

(a) When 7=35, the intensity increased to a maximum and therefore % =0.

a(30-35)+10 _
(35-35)% +b
a=2

dR _2(30-1)+10
dr (t-352+b

Let u=(t-35)2+b .
du=2(t-35)dz

R=I 21 +70

(t-35)%+b

(2470 du
‘J- v 2(t-35)
=—mM+c
=—In[(t~35)% +b]+C
RII=T=RII=0
—In[(T-35)* +b]+C =—In[(0-35)% +b]+C
(T-35)* =352

®)

Marking 5.16
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5. Indefinite Integrals

1A

1A

@)

IM

1A

IM

1A

@

B |
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5. Indefinite Integrals

DSE Mathematics Module 1 S. Indefinite Integrals DSE Mathematics Module 1
8L 22. SAMPLE DSE-MATH-MI Q11
© RL-40 Rl1=41 5 ( Qb

1[(40—35) + 5 # 2 61 (@ () Letv=1+4e % _ Then we have

~Hf0=35)" s+ G- Lt +b]+C}=ln% 1 ﬂ=4e‘°'°“’ ~0.16£e™00% IM+1A | IM for product rule
61 dr

~In(25+b)+In(36+b) = In5 =0.16e”9% (25 )

36+b . 61 /
In =n— dv

25+b6 50 (i) When £=0,%2 =50 . So we have 25k =50 .
b=25 1A dt 95

R=—In[(l—35)2 +25]+C .- Thus, we have k=2 .
Rl =6 we [2B0
04,
~In[(35-35)2 +25]4+C=6 M ° 4:‘;41
.04¢
C=6+In25 =2 [ B0y 250 4 ' iM
-0.04¢
ie. R=—In[(—35)> +25]+6+n25 1A 1+ate
2 dv IM For using (a)(i)
“or6
4
@ _12.51nM+c
=125In(1+4e™%%) 4 C
= =10 . =10 . M For finding C
d dR _ 2(30-1)+10 When 1 =0, N =10 . So,wehave C=10 g
@ - ie. N=12.5In(1+47 %)+ 10 1A

dt (1-35)%+25
70 -2t .
= 0]

t° =70t +1250
da’rR _ (2 =701 +1250)(=2) = (70 = 21)(2¢ = 70)

3 3 = IM+1A
dr (¢° =70t +1250)
_ 202 —140¢ +2400
(£ ~70¢ +1250)>
o e d*R
When the rate of change of the radiation intensity attains its greatest value, ?2— =0.
t
217 ~140:42400=0
1=30 for 40_(rejected)}
t 0<t<30 | =30 | 30<r<35
2 M
9—-25 +ve 0 -ve
dt
Hence, the rate of change of the radiation intensity would attain its greatest value
when 7=30 . 1A
[©)
A common mistake was to mix up R with — .
dr
(@ . ’ " s o dR
Fair. However, many candidates knew that maximum intensity implicd- PR 0
®) Poor. Some candidates were not able to choose a suitable substitution to solve for R, while
others did not go on after substitution or made careless mistakes in further calcu]ahons
© Very poor. A common mistake was Rfl: 4 [ = ﬂ
@ Very poor. Only a few candidates attempted this part. Among them, some forgot to square
2
the denominator when applying quotient rule to calculate ‘;—f .
Marking 5.17 Marking 5.18
= B8 (28 &8 8 /F 838 85 8 83 89 858 3 B B 6§ 6 e
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® O

(i)

()

dv _ 2(25-1)
>0 when 0<r<25
=0 when t=25
<0 when t>25
So, N attains its greatest value when =25 .

eqs; Jacanss:

-/ T T

5. Indefinite Integrals

Alternative Solution

av _ 2Q25-1)

dr 80.041 41

g =0 when =25
dr

4N _ ) (€®% 4 ar)(-1) - (0.04e%%¥ +4)(25-1)
dr? (%0 1 4r)?

g (1-0.020e%% +50
(e0.04l +4l)2
d*N

_Joserso] o
2 =" 7|<
a?| s L(e+100)

So, N attains its greatest value when =25 .

2

|

N(25)=1251n (1+41¢ %) +10~55.4>50
Thus, the claim is agreed.

lim N = lim [12.5 In(1+ 47¢ 0% )+ 10]
1= 11—

=12.5In(1+0)+10

=10
Thus, the belief of Mary’s supervisor is agreed.

Marking 5.19

Q)

M For using lim 17%% = ¢
1=

@)
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DSE Mathematics Module 1
23. (2008 ASL-M&S Q8)

™ T3 T T ™

5. Indefinite Integrals

20
@ @ N@O= 120
1+he™™ ( )
20
I ———-1|=-k+hk
[N,m ] 1A
(i) mh=15 M <
h=elS
~ 44817 (correctto 4 d.p.) 1A Either One
_pols-0 d
0-7.6
Eamd>:
76
= 0.1974 (correctto 4 d.p.) 1A
[(3)
®) (@) v=45+e"%
% =0.2¢0% 1A
20
N = [——dr
f 1+4.5¢70%
100 020
= [ (0.2e%)dr

%% 145
= [, M

¥
=100Inf{+C
=100In(4.5+¢"*) 5+ C - 4.5460% 50) 1A

Since N(0)=50 ,s0 C=50-100In5.5 M
0.2¢
ie. N(r):}ODln}%——-+ 50 1A
@) (1) M(20)=N(20)
4.5 _52020) 4.5+ 0220
21| (20) +—= = Sote
[( W +b=100In =" —+50
b~ -141.2090 1A
(2) Consider M'())-N'(r)
”21(“4-5'_0'2')‘—‘20.02, 1A For the 1% term
: 1+4.5¢"
1-425.25¢704
o -‘oz: 1A
1+4.5¢
1
S M) -N'(6)>0 when e %% c——

O-N'()>0 when ¢ < M
ie. r>1“—?i-3-5-~15.1317 1A
Since M(20) = N(20) and M(1)~N(f) is increasing when > 20,
so M()>N() for £>20 .

Hence the biologist’s claim is correct. 1A Follow through
1)

(@) (i)
(a) (i)
() (i)
(i) (1)
@)

Very good.
Very good, though some careless mistakes were found.
Fair. A number of candidates could not apply substitution 1o do integration.

oy

were hindered by failing to complete (b) (i).

Fair. Some

Poor. Not too many candidates attempted and those who attempted could not
make use of the given hint.

Marking 5.20

e



DSE Mathematics Module 1

24.

(a)

(b

©

(2006 ASL-M&S Q8)
dv

Lo

dt 2

X
_ [ 300-90
-6t +11
dv
=15] —
I3
=15Injv{+C
=152 -6t +11)+C

15In(t% —61+11)+40—15In11 =40
15In(z? —61+11) =15In11

S —6r+11=11

Ht-6)=0
t=6 or t=0 (rejected)
Therefore, we have =6 .

Thus, 6 weeks after the start of the plan, the weekly number of passengers

will be the same as at the start of the plan.

e 30¢-3)
dt (e-3)2 42

(<0 if 0xr<3
{=0 if ¢=3
1>0 if >3

" 'S0, x dttains its least value when =3 .

The least weekly number of passengers
=15In2+40-15In11

=40-15l L5
2

~14 thousand

Marking 5.21

(w2 -61+11=(t=-3)2+2>0)
Using the condition that x=40 when /=0, wehave C=40-15In11.
- Thus, we have x=15In(t2 —6r+11)+40-15In11 .

5. Indefinite Integrals

IM for finding c
1A
meme(4)

1M for testing + 1A °

4
fan}
]
T

DSE Mathematics Module 1

5. Indefinite Integrals

dix _-30¢-6t+7)
dr2 (2 -6t+11)?

Note that %:0 when =3 .

=15>0

So, x attains its least value when ¢=3 .

The least weekly number of passengers
=15{n2+40-15In11
il

=40-15n—
" 2‘

~14 thousand'.

IM for testing + 1A

(d) By (c), note that the end of the Recovery Week correspondsto 7=3 .

(i)  The required change
=x(4)-x(3)
=151n(42 =24 +11)=15In(37 ~18+11)
=15(In3-In2)

=151ni
2

thousan

=

The required change

_ J—4 301-90
3 1% -6t 411

=15[in¢? ~6e 111 ]3

=15[n(42 -24+11)~15In(3% 18 +11)

=15(In3~In2)

=15|n—3-

de

~ 6 thousand

(i) ¢+ =6(t+1)+11-3(c2 —61+11)
=-2¢% +141-27

2
7V s
=2l 2
(' 2) 2

<0

Thus, we have (1 +1)? =6(f+1)+11<3(* —61+11) forall 1.

Marking 5.22
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Gii)

ar

B |

e~ 2 1 1

n

5. Indefinite Integrals

Notethat (2 —6r+11=(¢=3)>+2>0 .
CHD -6+ 411
261411
=2 14027
ETINT

v 4
_2(,,1 3
2 2
(-3 +2
<0

3

Thus, we have (1+1)% —6(¢+1)+11<3(r? ~6¢+11) forall 1.

IM accept using discriminant < Q

1

df(r)

|t =4+ 14
dr

% 7

>0 if 0<t<—
2

=0 if r=l

dt 2
<0 if z>-7—
2

So, f(f) attains its greatest value when 7=

[NFENY

The greatest value of f(¢)
~5

2
<0

Let f(6)=(¢+1)> =6(+1)+11=3(> =61 +11) forall 120 .

Thus, we have (¢+1)% ~6(t+1)+11<3(2 -6t+11) forall .

IM for testing

x(1+1)—x(r)
=150+ 1) =60+ D+11)-15 ¢ = 61+11)

V3
~15I (1+])2—-6(l+1)+11
. 7 =-6t+11

<53
<25
Thus, the claim is incorrect.

1M for using (d)(ii) and taking In

1A fit.

2

Inf(e+1)? ~6(+ 1)+ 1)< In3+In(? ~ 61+ 11)
15In{(r+1)? = 6¢+3) +11)=15In (¢ =61 +11) <151n3

x(t+1)-x(1) <25

1M for using (d)(ii) and taking In

Thus, the claim is incorrect. 1A fit.
-------- ©
i(@) Very good
(b) Very good.
(©) Good. Some candidates were not able to prove that the minimum value is the
least value.
(@) (i) Very good.
(ii) Not satisfactory. Many candidates did not know how to prove this part.
(i) Not sati y. Many candidates could not proceed due to failure in proving
in (d)(ii).

Marking 5.23
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25. (2005 ASL-M&S Q9)

(@) (i) Let v=2+3te

092 Then, we have

dv ., oo 3t —oou
—=3e ——e
@t T
3 ~002
=—(50-1¢}e
5601

50k
(i) When =0, %=100 . So, we have l00=T v

Thus, we have k=4 .

N=J'4(50~:) o

2¢%% 13t

_200 (dv
3 Jy
=-2-(3191nv+c

= 1;& In(2 +3te7 %)+ C

200
Note that when ¢=0, N =10 . So, we have C=10——3—1n2 =

Thus, we have

=3‘;ﬂ;n(z+3re‘°<°2‘)+10—32—911‘2

200 3te 00

t
=-3—-ln(l + 2 }+10

dN _ 4(50-19)
b SheTH
( ) dt 220,021 +3

>0 if 0s5r<50
=0 if (=50
<0 if t>50

So, N attains its greatest value when =50 .

Note that N(so)=33’91n(1+‘-§9e")+1o %233:5303678 <500

Thus, the claim is not correct.

Marking 5.24
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5. Indefinite Integrals

1M for product rule or chain rule + [A

1M for using (a)(i)

1A

1M for finding C

(|

IM for testing + 1A

IM for comparing N(50) and 500
1A fit,
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5. Indefinite Integrals

¥ __4(50-0)
dr 25943

™% 4+ 3r)(- 1)-(50-1)(5—2O &0 4 3)

&N
dr? (2699 4 3¢y
_ 4 {2’ - 1006" ~3750
25 (2" 431y
v

E—:O when =50 . Also,when £=50,

aN ‘_5_(50¢—t002—3750J

d? 25| (2e+150)
_ =2
e+75
<0
So, N attains its greatest value when £=350 .

200 150

IM for testing + 1A

1M for comparing N(50) and 500

Note that N(50)=—3—ln(1+—2—z )+10 %233:5363678 < 500 .
Thus, the claim is not correct. 1A fit.
—(4)
o AN df 450-p
(4 imlnginl: G ey - e ey
Sl 51(220'02' +3t
(2e%%% 4 31)(-1) (50 ~r)(;26 002 43)
& QO 3y
_ 4 (1" ~1006%7 ~3750 1A (accept £[ 207 ~100e% 3750
=35 2% L3y Pt s 2% 132
_ 4 ((~100)e" ~3750
250 (2629 431y
. AN 4 [ (¢-100)e™ ~3750 3
(i) Note that v 4 =E(W (by (e)(D) -
N 2
Hence, we have %d) for 59<r<92 . IM for dering the sign of X
H
;
So, % decreases during the 3rd month after the start of the plan. 1A ft either
1]
1]
Alsonotethar <Y = 4000 o £ 504,507 !
dr 289943
1A ft

Therefore, N decreases during the 3rd month after the start of the plan.

@)
(ii)
(b)

©0
(i)

Very good.
Fair. Many candidates could not make use of (a)(i) to express N interms of ¢.

Not satisfactory. Some candidates did not know how to tackle the problem while
some did not check that the stationary point is indeed a maximum point.

Poor. Many candidates were not familiar with the techniques of differentiation.

Poor. Many candidates did not know how to describe the behaviour of N and

% . It is important to note that behaviour must be described with respect to ¢

as N and %’- are both functions of £.
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@ O

(i)

® 0

(i)

(iif)

Ge 22z—8

t°—-8t+20

=in(* -8:+20)+C

When t=0, G=50.
C=50-1n20
G=lIn(t2 -8t +20)+50-In 20
For G= 50,

In(#? =8¢ +20)+ 50~ In 20 = 50

12 -86+20=20

2 -8=0

=0 orr=8.

At the end of the 8th week, the weekly sale is the same as at the start of

the promotion plan.

4G _ _ 2r-8
dr (28420

_ 2(t—4)
[(r=4)% +4]

d
—G=0 when =4 - .
ds G=In(r* -8t+20)+C

Since %g—d) when <4 =In[(r-4)? +4]+C

dG
and —>0 when >4
= whel .
.. Gisleastat =4,
At the end of the 4th week, the weekly sale is least,

G(6)-G(5) =(In8+50~1In 20)~ (In 5+ 50 - In 20)
=In % =~ 0.4700 (thousand dollars)

G(t+1)-G(f) <02 -
{Inf(¢+1)* = 8(¢+1)+20]+ 50 - In 20}
_ ~{In(r? - 8+20) + 50 ~In 20} < 0.2
2.
’ 66+13 _o
12 81420
(€% = 1)r? —(8¢°2 —6)r +(20e%2 - 13) > 0
£ < 394316 0r ¢ >13.09015

iG—<0 when 0<¢<4, Gisdecreasing

dr
£<3.94316 is rejected.
t=14,

In

Thus the promotion plan will be terminated at the end of the 15th week.
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1A

1A

—-)

IM

1A a-1 for more than 4 d.p.
orr.t. 0.470

M
1A

0.22140r% -3.77122¢ +11.42806 > 0
£ < 3.94315 or ¢ >13.09037

1A must show reasons
——(6)

Y
A
o
bdd

¥
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©

{In(t? ~8¢ +20)+50 ~ In 20} — {In[( ~1)* —8(t ~1) +20]+50~In20} < 0.2 M
2
'1—5'139«0.2 1A
2 ~100+29
(€2 =12 —(10e°? -8)t +(29e°? —20)> 0
0.22140¢% 421403 +15.42068 > 0
t < 494316 or ¢ >14.09015
4G 2-38
dt 2 -8r+20
&G _ 2(% - 81+20) (21 ~8)(2 -8) Wi
dr? (¢ —80+20)?
__2e=2)(t-6)
(¢% -81+20)%
2
%—?-:0 when t=2 or t=6. L =6 1A
Although G keeps increasing, 1A
% increases immediately before =6,
Pt 1A
T decreases immediately after 1=6.
----- —4)
For reference only
G AGWH
0 50.0
1.0 [49.5692 |- 0.4308
G 2.0 [49.0837 |- 0.4853
X 3.0 [48.6137 [-047
40 48.3906 |- 0.2231
5.0 |48.6137 |+ 0.2231
6.0 |49.0837 [+0.47
7.0 |49.5692 [+ 0.4855
8.0 [50.0 +0.4308
90 |50.3716 |+0.3716
10.0_|50.6931 |+0.3215
50 11.0_150.9746 |+ 02815
12.0 [51.2238 [+0.2492
i i 13.0_|51.4469 [+0.2231
[ 140 |51.6487 [+0.2018
; P 15.0 |51.8326 |+0.1839
S 16.0 152.0015 [+0.1689
[ - > ¢ 17.0 152.1576 |+0.1561
o] 2 4 6 18.0 |52.3026 |+0.14S
10.0_|52.438 |+0.1354
200 |52.5649 [+0.1269

=1

-/
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G()-G(t-1)<0.2

Marking 5.27

-

-

-

-

-






