PURE 2 - WMA12 - TOPIC 11

Applications of Differentiation

Stationary means the first derivative is zero. Its
sign says up or down; the second derivative says
maximum or minimum.

THE TOPIC ON ONE MAP

DR ESLAM AHMED
eliteigcse.com

Applications of Differentiation

01)- Increasing, decreasing

f'(x)>0 f'(x)<0 forallx

02)- Stationary points

f'(x)=0 f”": maxormin showthatk=...

03)- Optimisation

one variable only max / minvalue justify with f”

0z With areas

stationary point first  then integrate




ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

THE TWO DERIVATIVES

o = 0 stationar d’y <0 maximum d’y >0
dx y d x2 d x2

minimum

. . . d . d
rewrite first: \/x = x "¢ - increasing: d_i >0 decreasing: d_i <0

Increasing and Decreasing Functions

Differentiate, then solve the inequality f'(x) > 0 (increasing) or f'(x) < 0
(decreasing). For a quadratic f'(x), find its roots and sketch it. “Increasing
for all x”: show f'(x) is always positive — complete the square.

WHEN YOU SEE — YOU DO

“find the values of x for which y is

. . f'(x) > 0: roots, sketch, read
increasing

“state the range of values of x for

which y is decreasing” f0)<0
“show that f is increasing for all x” f'(x) = a(x+p)? +qwitha,g>0
“prove that C has no turning points” f'(x) = 0 has no real roots: b?-4ac <0

y = 2x?(x - 5). Stationary points and where y is increasing.

1 y=2x3-10x? % = 6x% - 20x = 2x(3x - 10) expand, differentiate
» -0 x=0, L stationary
dx '3

ANSWER  increasing for x < 0 or x > ?

Dr Eslam Ahmed - eliteigcse.com - WhatsApp 011 2000 9622 2

=
(=}
]
m
(%]
S
=
=




ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Practise: Increasing and Decreasing Functions

My questions first, then selected practice, then real past papers.

Q1 PEIETR Where is it increasing? P2-TOPICT1 3 marks

Find the values of x for which f(x) = x> - 6x? + 5 is increasing.
Solve f'(x) > 0: sketch the quadratic.

Q2 Increasing for all x P2-TOPICT1 3 marks

Show that f(x) = x> + 3x? + 6x is increasing for all x.
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q3 Practice - Easy P2-TOPIC11 6 marks
1 [i] Find an expression for f'(x) when f(x) = x3 + x2 = 5x.
[ii] Solve the equation 3x2+2x—5=0

[iii] Hence, or otherwise, find the values of x for which f(x) is a decreasing function.

(6 marks)

Q4 Practice - Hard P2-TOPICT1 5 marks

1 Find the values of x for which f(x)=x3—-5x2+3x—2isa decreasing function.

(5 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q5 [PRACTICE] Practice - Very Hard P2-TOPIC11 4 marks

7
2 Show that the function f(X) = \/_ — —— ,x >0, isincreasing for all x in its domain.

Jx
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(4 marks)
PAST PAPERS
Q6 ASTRAPER) Pearson IAL WMAT2 - October 2019 - Q1 P2-TOPIC11 6 marks
1. A curve C has equation y = 2x%(x — 5)
(a) Find, using calculus, the x coordinates of the stationary points of C.
“4)
(b) Hence find the values of x for which y is increasing.
(2)

(Total 6 marks’
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q7 [PASTPAPER| Pearson IAL WMA12 - October 2019 - Q10 P2-TOPICT1 7 marks

10. The curve C has equation

y=ax’—3x*+3x+b
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where a and b are constants.

Given that

* the point (2, 5) lies on C
» the gradient of the curve at (2, 5) is 7

(a) find the value of a and the value of b.
“4)

(b) Prove that C has no turning points.
3
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q8 [PASTPAPER| Pearson IAL WMA12 - June (R paper) 2024 - Q6 P2-TOPIC11 9 marks

6. f(x)=4x +px’ +8x+g
where p and g are constants.

Given that
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*  (2x +3) is a factor of f(x)

* f(x) has a remainder of —5 when divided by (x + 2)
(a) (i) show that p =10

(ii) find the value of g.
3)

(b) Hence find the range of values of x for which f(x) is decreasing.

(Solutions based entirely on calculator technology are not acceptable.)

O]
(Total for Question 6 is 9 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

: : : d’y
Stationary Points and Their Nature: 02

d : : :
Set d_i = 0 and solve for x; substitute into y for the coordinates. Then put
2

each x into d_);: negative is @ maximum, positive is @ minimum.
X
WHEN YOU SEE — YOU DO
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“find the coordinates of the stationary

. "=0,th
point(s)” y =0, theny
“determine the nature”, “justify” sign of y” at that x
“P with x =  is a stationary point: y(d)=0

show k = ..."

“show that the x coordinates satisfy
2x3 - 10x% + - = 0"

“one turning point is at x = 1: find the
others”

m Differentiate Set = 0 and solve Second derivative

y' =0, clear the powers

factor (x - 1) out of the cubic

y = 27x3 - x> - 20. Stationary point and its nature.

% = 2—27X_% - %X% =0 = 27 =3x multiply by 2x2
2 x=9: y=81-27-20=34 coordinates
ANSWER (9, 34) 7y <0 : maximum
? ? dX2 *
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Practise: Stationary Points and Their Nature:
d?y
d x?

My questions first, then selected practice, then real past papers.
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Q9 Find and classify P2-TOPICT1 5 marks

Find the stationary points of y = 2x3 - 3x? - 12x + 1 and their nature.
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

SELECTED PRACTICE
Q10 Practice - Easy

2(a) The curve C has equation y=3x> 4 6x% —5x+ 1.

| . d?y
Find expressions for — and ——.
dx dx?
2
. y d’y
(b) [i] Evaluate — and —— whenx=—.
dx dx?

P2-TOPIC11 7 marks

(3 marks)

1
[iil What does your answer to part [b] tell you about curve C at the point where x=—?7

(4 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q11 Practice - Medium P2-TOPIC11 7 marks

4(a) The diagram below shows part of the curve with equation y=x> + 11x% + 35x + 25.
The curve touches the x-axis at A and cuts the x-axis at C. The points A and B are
stationary points on the curve.
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0

B

Using calculus, and showing all your working, find the coordinates of Aand B.

(5 marks)

(b) Showthat (—1,0)isa point on the curve and explain why those must be the
coordinates of point C.

(2 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q12 Practice - Very Hard P2-TOPIC11 7 marks
3(a) Acurveisdescribed by the equation y=f(x), where f(X) =7-2x2+ .\/;, x 20.

Find f'(x) and f"'(x).
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(3 marks)

(b) P is the stationary point on the curve.

Find the coordinates of P and determine its nature.
(4 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

PAST PAPERS

Q13 BASTRAPER) Pearson IAL WMAT2 - January 2020 - Q10 P2-TOPIC11 10 marks

10. A curve C has equation

k
y=4x —9x+— x>0
X
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where k is a constant.

. . . .
The point P with x coordinate 3 lies on C.
Given that P is a stationary point of C,

(a) show that k= —%

“
(b) Determine the nature of the stationary point at P, justifying your answer.

(2)
The curve C has a second stationary point.
(c) Using algebra, find the x coordinate of this second stationary point.

C)

Dr Eslam Ahmed - eliteigcse.com - WhatsApp 011 2000 9622 13



ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q14 [PASTPAPER| Pearson IAL WMA12 - January 2021 - Q2 P2-TOPIC11 7 marks

2. A curve has equation

y=x—x"—16x+2
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(a) Using calculus, find the x coordinates of the stationary points of the curve.

C))

(b) Justify, by further calculus, the nature of all of the stationary points of the curve.
3
(Total 7 marks’
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q15 PASTRAPER) Pearson IAL WMA12 - January 2022 - Q2 P2-TOPIC11 8 marks

2. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The curve C has equation
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1 3
y=27x*—x*-20 x>0

(a) Find %, giving each term in simplest form.
X

()
(b) Hence find the coordinates of the stationary point of C.
Q)
'y
(c) Find e and hence determine the nature of the stationary point of C.
(2)

(Total 8 marks
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q16 PASTPARERY Pearson IAL WMA12 - June 2022 - Q8 P2-TOPIC11 8 marks

8. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A curve has equation
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27
y=256x4—304x—35+§ x#0

(a) Find %
3)

(b) Hence find the coordinates of the stationary points of the curve.
()
(Total 8 marks’
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q17 | BASTRAPER) Pearson IAL WMAT2 - October 2022 - Q7 P2-TOPIC11 9 marks

7. The curve C has equation

1223 (x = 7) + 14x(13x — 15 &
b= x(x-=T7) x(13x ) >0 2
21x 2
(a) Write the equation of C in the form
7 5 3 1

2 2 2 2
v=ax" +bx" +cx” +dx

where a, b, ¢ and d are fully simplified constants.

3)
The curve C has three turning points.
Using calculus,
(b) show that the x coordinates of the three turning points satisfy the equation
2x' = 10x*+ 13x—5=0
3)
Given that the x coordinate of one of the turning points is 1
(c) find, using algebra, the exact x coordinates of the other two turning points.
(Solutions based entirely on calculator technology are not acceptable.)
()

(Total for Question 7 is 9 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q18 BASTRAPER) Pearson IAL WMAT2 - June 2023 - Q7 P2-TOPIC11 8 marks

7. The height of a river above a fixed point on the riverbed was monitored over a
7-day period.

g
The height of the river, H metres, ¢ days after monitoring began, was given by z
; 2

H:%(20+6t—z2)+17 0<t<7

Given that H has a stationary value at 1 = a

(a) use calculus to show that « satisfies the equation

50¢°—180—-20=0

)
(b) Hence find the value of a, giving your answer to 3 decimal places.

1)
(c) Use further calculus to prove that H is a maximum at this value of a.

(2)

(Total for Question 7 is 8 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q19 PASTPAPERY Pearson IAL WMA12 - October 2024 - Q4 P2-TOPIC11 7 marks

4. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The curve C has equation
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y:4x%+9x_%+3 x>0

(a) Find % giving each term in simplest form.

(2)
(b) Hence find the x coordinate of the stationary point of C.
()
2
(¢) (i) Find gf giving each term in simplest form,
(i) Hence determine the nature of the stationary point of C, giving a reason for
your answer.
(2
(d) State the range of values of x for which y is decreasing.
1)

(Total for Question 4 is 7 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Optimisation: Build the Formula, Then Differen-
tiate

A real object with a fixed volume (or area, or perimeter) and two unknown
lengths. Use the fixed fact to write one length in terms of the other, substi-

tute, and geta formula in one variable. Then % = 0, and justify the minimum

with the second derivative.
WHEN YOU SEE — YOU DO

=
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“the volume is 972 cm>” height in terms of x
“show that S = 6x> + 222" surface area, substitute the height
“open-topped” leave out the top face

“use calculus to find the minimum
value”

“justify that this is a minimum” S” > 0 at that x

S’ =0, then S at that x

S =6x%+ i)fz Find the minimum surface area.

1 S'=12X—%=0=>X3=216 stationary

2) X=6; S"=12+%§4>0 minimum

ANSWER S =216 + 432 = 648 cm?

x TRAP Differentiating before the formula has only one variable. Eliminate first.
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Practise: Optimisation: Build the Formula, Then
Differentiate

My questions first, then selected practice, then real past papers.
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Q20 A box P2-TOPIC11 5 marks

An open box has a square base of side x cm and volume 500 cm®. Show

A=x2+ @ and find the minimum area.

Height from the volume, then the area in x only.
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

SELECTED PRACTICE
Q21 Practice - Medium P2-TOPIC11 6 marks

5 (a) A company manufactures food tins in the shape of cylinders which must have a constant

volume of 1507 cm?. To lessen material costs the company would like to minimise the
surface area of the tins.
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By first expressing the height h of the tin in terms of its radius r, show that the surface
300m

r

area of the cylinder is given by S=2zr>+

(2 marks)

(b) Use calculus to find the minimum value for the surface area of the tins. Give your answer
correct to 2 decimal places.

(4 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q22 Practice - Very Hard P2-TOPIC11 11 marks

4 (a) The diagram below shows the part of the curve with equationy = 3 — sz for which

v >0. The marked point P (x,y) lies on the curve. O is the origin.
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1 1
Show that OP? = 9 — —x? + —x*.
2 16
(3 marks)
(b) Find the minimum distance from O to the curve, using calculus to prove that your
answer is indeed a minimum.

(8 marks)

Dr Eslam Ahmed - eliteigcse.com - WhatsApp 011 2000 9622 23



ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q23 Practice - Very Hard P2-TOPIC11 9 marks

5 (a) The top of a patio table is to be made in the shape of a sector of a circle with radius r
and central angle @, where 0° <6 <360°.
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¥

Although r and 6 may be varied, it is necessary that the table have a fixed area of A m?2

A
Explain why r> g

(b) Show that the perimeter, P, of the table top is given by the formula

(2 marks)

2A
P=2r+—
r

(2 marks)

(c) Show that the minimum possible value for P is equal to the perimeter of a square with

area A. Be sure to prove that your value is a minimum.

(5 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

PAST PAPERS

Q24 [PASTPAPER) Pearson IAL WMAT2 - June 2021 - Q9 P2-TOPIC11 10 marks
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hem

[cm

Figure 3
Figure 3 shows a sketch of a square based, open top box.
The height of the box is #cm, and the base edges each have length / cm.
Given that the volume of the box is 250000 cm’
(a) show that the external surface area, Scm? of the box is given by

250000

S + 200037

(€))

(b) Use algebraic difterentiation to show that S has a stationary point when 4 = 250"

where k is a rational constant to be found.

6))

(c) Justify by further differentiation that this value of 4 gives the minimum external
surface area of the box.

2
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q25 PASTPAPERY Pearson IAL WMA12 - January 2023 - Q2 P2-TOPIC11 9 marks

2. In this question you must show all stages of your working.

Solutions based entirely on calculator technology are not acceptable.

3xcm

xcm

Figure 2

A brick is in the shape of a cuboid with width xcm, length 3x cm and height 4 cm, as
shown in Figure 2.

The volume of the brick is 972 cm®

(a) Show that the surface area of the brick, Scm’, is given by

S = 622 + 2592
x
3)
ds
(b) Find o
y )
(c) Hence find the value of x for which S is stationary.
2)
’s
(d) Find o and hence show that the value of x found in part (c) gives the minimum
X
value of S.
()
(e) Hence find the minimum surface area of the brick.
ey

(Total for Question 2 is 9 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q26 [ BASTRAPER) Pearson IAL WMAT2 - January 2025 - Q3 P2-TOPICT1 10 marks
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X 3x

Figure 1

Figure 1 shows an open-topped container used for holding water.
The container is in the shape of a cuboid and is made of sheet metal.
The base of the container is a rectangle 3x metres by x metres.

The height of the container is y metres as shown in Figure 1.

Given that the capacity of the container is 120m’

(a) show that the area 4 m’ of the sheet metal used to make the container is given by

A=Px2+g
X

where P and Q are positive constants to be found.

)
(b) Use calculus to find the value of x for which 4 has a stationary value, giving your
answer to 3 significant figures.
)
2
(c¢) Find e and hence show that the value of x found in part (b) gives the minimum
value of 4.
2

(Total for Question 3 is 10 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q27 BASTRABER) Pearson IAL WMAT2 - June 2025 - Q9 P2-TOPIC11 11 marks
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Figure 2

Figure 2 shows a sketch of an open container.

The sides CDEF and 4ABFE are rectangles.

The ends ADE and BCF are congruent (identical) right-angled triangles.
The container is made from metal of negligible thickness.

Given that

* AE = BF = 3x metres

* DE = CF = 2x metres

* AB=DC = EF = L metres

and the capacity of the container is 12m’

(a) show that the area of metal used to make the container, Sm’, is given by

S=Px2+2
X

where P and Q are positive integers to be found.

4)
Given that x can vary,
(b) use algebraic calculus to find the minimum value of S, giving your answer to
one decimal place.
5)
(c) Justify that the value of S found in part (b) is a minimum.
(2)

(Total for Question 9 is 11 marks)
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q28 BASTRAPER] Pearson IAL WMA12 - June 2026 - Q9 P2-TOPIC11 11 marks

rcm
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yem

v

A

xcm

Figure 4

Figure 4 shows a sketch of a design for a logo.

The design consists of a rectangle of base xcm and height y cm with two quarter circles
of equal radius rcm joined to the top edge with a gap of 10cm between the nearest point
of each quarter circle, as shown in Figure 4.

(a) Show that the area, Acm”, of the design is given by

A= xy+%(x—10)2

(2)
Given that
» the total area of the design is one square metre
 the perimeter, P cm, of the design is given by P = 2y + (2 + %)x - 5
(b) show that
P 20000 — 25z . (2 N ”}x
X 4
C))
(c) Use algebraic differentiation to find the value of x that gives the minimum value
for P, giving the answer to 3 significant figures.
3
2
By considering —-
y g e
(d) justify that the value for x found in part (c) gives the minimum value for P.
(2)

(Total for Question 9 is 11 marks)

Dr Eslam Ahmed - eliteigcse.com - WhatsApp 011 2000 9622 29



ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Stationary Points with Areas

These questions join this topic to Integration: find the stationary point first
(it gives a limit or the height of a line), then integrate between the right
limits. Areas below the x-axis come out negative.

WHEN YOU SEE — YOU DO

=
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m
(%]
S
=
=

“the line [ passes through M and is
parallel to the x-axis”

“the region bounded by C, [ and the

y = the y of the stationary point

line minus curve, or curve minus line

y-axis”
“area of R, equals area of R,” fok ydx=0
“use algebraic integration” show the integral and the substitution

y= 2x§(4—x). R, above the axis and R, below it, with equal areas. Find
k.

3 5) 5| 7
1 fok(8x5 - 2x2)dx = %I’\’E - %ki =0 equal areas: total 0

ANSWER R = 2—58
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Practise: Stationary Points with Areas

My questions first, then real past papers.
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Q29 Then the area P2-TOPIC11 4 marks

y = x(4 - x). Find the stationary point and the area between the curve and
the x-axis.
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ELITE IGCSE / PURE 2 P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

PAST PAPERS
Q30 [BASTRAPER) Pearson IAL WMAT2 - October 2021 - Q8 P2-TOPICT1 10 marks
8. In this question you must show all stages of your working. §
=
Solutions relying entirely on calculator technology are not acceptable. :
VA
C
M
/
R
0 Y
Figure 2

Figure 2 shows a sketch of part of the curve C with equation

4
=3 X = 11x* + kx where £ is a constant

The point M is the maximum turning point of C and is shown in Figure 2.
Given that the x coordinate of M is 2

(a) show that k=28
3)

(b) Determine the range of values of x for which y is increasing.

(2
The line / passes through M and is parallel to the x-axis.

The region R, shown shaded in Figure 2, is bounded by the curve C, the line / and
the y-axis.

(c) Find, by algebraic integration, the exact area of R.
(3
(Total 10 marks’
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P(9, 40)

Figure 3

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 3 shows a sketch of part of the curve C with equation

—gx 2_9Jx +13 x>0

(a) Find, using calculus, the range of values of x for which y is increasing.

4)
The point P lies on C and has coordinates (9, 40).
The line / is the tangent to C at the point P.
The finite region R, shown shaded in Figure 3, is bounded by the curve C, the line /,
the x-axis and the y-axis.
(b) Find, using calculus, the exact area of R.
(8)

(Total for Question 9 is 12 marks)
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10. In this question you must show detailed reasoning.
Solutions relying entirely on calculator technology are not acceptable.

Y A

Figure 2

Figure 2 shows a sketch of the curve with equation

1, 1458

yZEX +\/x—3

The point P is the only stationary point on the curve.

—74 x>0

(a) Use calculus to show that the x coordinate of P is 9

“4)
The line / passes through the point P and is parallel to the x-axis.
The region R, shown shaded in Figure 2, is bounded by the curve, the line / and the
line with equation x = 4
(b) Use algebraic integration to find the exact area of R.
6))

(Total for Question 10 is 9 marks)
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9.

)
=
>
a
=
@
m
]
N
-
=

=

Figure 1

Figure | is a sketch of the curve C with equation

3

y=2x2(4-x) x=0
The point P is the stationary point of C.

(a) Find, using calculus, the x coordinate of P.

4)
The region R, shown shaded in Figure 1, is bounded by C and the x-axis.
The region R,, also shown shaded in Figure 1, is bounded by C, the x-axis and the line
with equation x = k, where £ is a constant.
Given that the area of R is equal to the area of R,
(b) find, using calculus, the exact value of k.
4)

(Total for Question 9 is 8 marks)
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10.
yll
P
C
R
o] 1 \ X
Figure 1

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 1 shows a sketch of part of the curve C with equation

9x — x° 0
= >
N o

The point P is the stationary point on C.

(a) Find, using calculus, the x coordinate of P.

4)
The finite region R, shown shaded in Figure 1, is bounded by the curve C, the x-axis
and the line with equation x = 1
(b) Using calculus, calculate the exact area of R.

6))

(Total for Question 10 is 9 marks)
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10.
Va §
=
4
P —
R, k .
0 X
RZ
C

Figure 2

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 2 shows a sketch of the curve C with equation

J§(100—x2)
y:T x=0

The point P is a stationary point on C.

(a) Use algebraic differentiation to find the exact x coordinate of 7.

“4)
The region R, shown shaded in Figure 2, is bounded by C and the x-axis.
The region R, also shown shaded in Figure 2, is bounded by C, the x-axis and the line
with equation x = &, where £ is a constant.
Given that the area of R, is equal to the area of R,
(b) use algebraic integration to find the exact value of £.
4)

(Total for Question 10 is 8 marks)
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The Whole Topic on One Page

Tear this page out before the exam.

(7]
(=
=
=
£
=
R/
B
=
—

Increasing f' > 0; decreasing f' < 0; “for all x”: complete
the square.

Stationary f'=0; f"<0max, f” >0 min.

Optimisation One variable first; f' = 0; justify with f".

With areas Stationary point first, then integrate.

BOTTOM LINE Rewrite — differentiate > = 0 > second derivative de-
cides max or min.
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Answers

P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Applications of Differentiation - for the teacher. Every answer checked with
a computer algebra system.

IDEA 01 - INCREASING AND DECREASING FUNCTIONS

Q1

Q2
Q3
Q4

Q5

Q6

Q7

Q8

Dr Eslam - Where is it increas-
ing?

Dr Eslam - Increasing for all x
Practice - Easy

Practice - Hard

Practice - Very Hard

Pearson IAL WMA12 - October
2019 - Q1

Pearson IAL WMA12 - October
2019 - Q10

Pearson IAL WMA12 - June (R
paper) 2024 - Q6

f'(x)=3x(x-4)>0: x<0o0orx>b

f'(x)=3(x+1)2+3>0
(i) 3x2+2x-5 (ii)x=—§,1 (iii)-§<x<1

f(x)=3x*-10x+3<0: $<x<3

N I - X+7
f(x)-zx + X -2X3/2>Oforx>0

10 10
a)x=0, —. (b 0 or —
(a) x 3 (b) x < X > 3

4 1

(a)a = 3 b = 3 (b) Proven: C has no turn-
ing points

(a)i)p=10. (a)ii)g=3. (b)-1<x< _%

2

d<y

IDEA 02 - STATIONARY POINTS AND THEIR NATURE: —

d x?

Dr Eslam Ahmed - eliteigcse.com - WhatsApp 0112000 9622 1



ELITE IGCSE / PURE 2

P2 - TOPIC 11 - APPLICATIONS OF DIFFERENTIATION

Q9

Q10

Q1

Q12

Q13

Q14

Q15

Q16

Q17

Q18

Q19

Dr Eslam - Find and classify

Practice - Easy

Practice - Medium

Practice - Very Hard

Pearson |AL WMA12 - January
2020 - Q10

Pearson IAL WMA12 - January
2021 - Q2

Pearson IAL WMA12 - January
2022 - Q2

Pearson IAL WMA12 - June 2022
- Q8

Pearson IAL WMA12 - October
2022 - Q7

Pearson IAL WMA12 - June 2023
-Q7

Pearson IAL WMA12 - October
2024 - Q4

x=-1:(-1,8) max (y" = -18); x =2:(2,-19)
min (y” = 18)
(@) 9x%2 +12x -5, 18x+12 (b)(i) 0 and 18 (ii)

a stationary point, a minimum

(a) A(-5,0) maximum, B(—%,—%) minimum

(b) y(-1) = 0; the curve crosses the axis only
once more

(a) f/(x) = -4x + Ix73, f(x) = =4 - 1x (b)

P(%, %),Bmaximum (f" < 0)
(@) k= -

5 (b) local maximum. (c) x =

Nl

(a) x = -2, % (b) local maximum at x = -2

and local minimum at x = %

d
@) o212 352 (h)(9,34). (c) lo-

dx 2 2
cal maximum

dy

— = 1024x3 - 304 -
 a o
> ®) (-5,241), (Z,-134)

(a)y = ;x”z - 4x°12 4 23—6x3/2 -10x"2. (b)

/6 /6

P . =2-2 =2+
roven. (c) x 5 and x =2+ >

(a) Proven. (b) o =4.491. (c)H is a max-
imum at this value

(©)) ~—75 *

(c)(ii) Minimum.  (d) 0 < x < %

IDEA 03 - OPTIMISATION: BUILD THE FORMULA, THEN DIFFERENTIATE
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A'=2x-@=o:x=1o; A = 300 cm?

Q20 DrEslam - A box (A" = 6 > 0)
(@ h =2 s =2nr2+2nrh (b) r = 75:
Q21  Practice - Medium S . = 335 23 cm?2

=
=
@
=
m
x
73
T
B
—
—

(@) OP? = x*+(3-1x%)* (b) LOP? = 0 at x = +2
(second derivative > 0): OP_. = 22

(@) 0 <2msoA = lr26<11r2 (b)P-2r+r6=
2r+# (c) P -Oatr-\/_ A: P = 4JA; pr=4
(a) Proven. S = 250h000 +2000v/h.  (b) h =

Q22  Practice - Very Hard

Q23  Practice - Very Hard

Q24 Pearson IAL WMA12 - June 2021

-Q9 2502%/3,s0 k = % (c) Minimum
(@ s = 6x2+ 2292 by 93 o qpx -
Q25 Pearson IAL WMA12 - January X dx
2592 ..
2023 - Q2 2 (c) x = 6. (d) Minimum shown.
(e) 648 cm?
> 320
(a) A =3x"+ ,S0P=3and Q=320. (b)
Q26 Pearson IAL WMA12 - January 5
2025-Q3 x=3.76. (c d—A-6 @,mmlmum
zgxz X3

(a) S = 6x? t soP=6and Q = 20. (b)
25.3. (c) Mlnlmum justified

(@) r XT“’ xy + Zr? (b) y from A = 10000

()P = 0: x - 846 (d) P" = A0 > 0:
minimum

Q27  Pearson IAL WMA12 - June 2025
- Q9

Q28 Pearson IAL WMA12 - June 2026
-Q9
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(2, 4) max; jo4(4x -x?)dx = 2
Q29 DrEslam - Then the area

(a) Proven: R = 28. (b) x < 2orx >
Q30  Pearson IAL WMA12 - October 7 ()ﬂ
2021- Q8 2° ¢ 3

>
=
@
=
m
=
73
]
B
-
—

(a) y is increasing for x > 2. (b) Area = —
Q31  Pearson IAL WMA12 - October 4 21
2023 - Q9

(a) Proven. (b) %

Q32 Pearson IAL WMA12 - January

2024 - Q10
(@)x=2. (b)k=22
Q33  Pearson IAL WMA12 - June 2024 5 5
- Q9
148

(@) x=3. (b)—
Q34  Pearson IAL WMAT2 - June (R 5
paper) 2024 - Q10

(@) x=25. (b)R = 10721
Q35 Pearson IAL WMA12 - January 3
2026 - Q10
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