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StemUp Model Solution Differentiation (Edexcel 16CSE)

1 Giventhaty =5x — 9, find gi

Sx gives §
—9 differentiates to 0

dy _
dx 5

............................ S
L1 ]
2 y=(X—5)(x +4)
Find 2.
dx
expand: (x — S)(x + 4) = x> = x — 20
differentiate each term: %}‘f =2x — |
........................ X =
L1 ]
3 y=6x3+3x*+6x.
Work out the gradient of the curve at the point where x = 3.
%‘ =18 + 6x + 6
X
when x = 3: gradient = 186
186
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4 Giventhaty = 7x® — 3x? + 8x + 9, find gi
7% gives 21x°

—3x? gives —6x

8x gives 8

9 differentiates to 0

Y =2 - 6x + 8

5  y=3x(4x-—1)
Find &,
ax

expand: 3°(4x — 1) = 12x° — 3%
Y = 3657 - 6x

6 y=-9+>.

Find &

X

write each term as a power of x
—9 differentiates to 0

9 gives —9x°

i[l = — -2
" x
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7 y=—=8C+5x2+7xX.

Differentiation (Edexcel 16CSE)

Work out the gradient of the curve at the point where x = 3.

W= —26¢ + 10x + 7
X

when x = 3: gradient = —179

_ 63+ x*—x
8 y= ”
Find &
X
divide each term by x: y = 6x* + x — |

dy -
" 12x + |

—g+ 8
9 y-6+x.

Find &
X
write each term as a power of x
6 differentiates to 0
Ex! gives —8x7?

i[l = — -2
ax X
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StemUp Model Solution Differentiation (Edexcel 16CSE)

10 f(x)=3x*—4x*+3x—5
(@) Find f'(x).
(b) Work out the value of f'(—3).
(a) 3x" gives 12x°
—4x® gives —8x
3x gives 3
=S differentiates to 0
flx) = 12x> — 8x + 3
) £(-3) = =297

(a) 123 — 8x + 3 (b) -297

5x + 8x? + 6x

11 y= x

Find 9¥

divide each term by x: y = SX° + 3x + 6

dy _
" =10x + &

12 Thetemperature, T °C, of aliquid t minutes after it is heated is T = 22 — 6t* + 30t + 10.
Work out the rate of change of the temperature whent = 4.

ar _ 2
” 6t° — 12t + 30

when t = 4: rate = 78
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StemUp Model Solution Differentiation (Edexcel 1GCSE)

13 f(x)=—6x*—4x®—8x*—3
(@) Find f'(x).
(b) Work out the value of f'(3).

(a) —6x" gives —24x°

—ax* gives —12x*

—8x* gives —16x

—3 differentiates to 0

flx) = -26x® — 12x° — 16x

(b) £(3) = -804

(a) =263 — 12x* = 16x (b)

14 y=x3+6x>+ 2x.
ind &
(a)FmddX.
P
(b)Flnd&%.

2
(c) Work out the value of %(% when x = 3.

(b) differentiate again: éx + 12
(c) substitute x = 3: 30

Ga) 3% + 12x + 2 (b) 6x + 12

15  Thetemperature, T °C, of aliquid t minutes after it is heated is T = 3t> — 12t* + 30t + 16.
Work out the rate of change of the temperature whent = 1.

dr _ g42 _
o = 9 - 24t + 30

when t = |: rate = IS
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16 y=3x>+24x +57.
Use differentiation to find the coordinates of the turning point of the curve.
State whether this point is a maximum or a minimum.

%‘1=6X+26i

X

6x + 24 =0
x=-4

y=1

%‘f = 6 so minimum

(-4, 9), minimum

17 y=—9x*+3x* — 2x.
ind &
(a)FmddX.
P
(b)Flnd&%.

2
(c) Work out the value of %(% whenx = —1.

(b) differentiate again: —108x*> + 6
(c) substitute x = =1; =102

(a) —36x3 + 6x — 2 (b) —108%°

.................. +6(c)-02
L1 i
18 y=—2x3—18x>—48x + 1.
Show that the curve has a stationary point at x = —4.
% = —6x - 36x - 48
X
when x = —4: %ﬁ =0
X
so %ﬁf = 0 and the curve is stationary
Shown
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19 y=-2x*+8x — 14.
Use differentiation to find the coordinates of the turning point of the curve.
State whether this point is a maximum or a minimum.

Y = gy + 8
ax

-9x +8 =10
x =2
y=-6

2 .
%‘f = —4 so maximum

(2, —6), maximum

20 y=—4x2+%+%.

Find an equation of the tangent to the curve at the point where x = 1.
Give your answer intheformy = mx + c.

y =6 when x = |

Y = _gy — x2 — )8x73
dx
m

= -27
y-6=027)0C-1)

________________ y=-2/x+33
L1 i
21 y=x3+6x2+1
Show that the curve has a stationary point at x = —4.
%‘ = 3 + 12x
X
when x = —4: %ﬁ =0
X
so %ﬁf = 0 and the curve is stationary
Shown
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22 y=2C+3x%*—9x —3.
Find the coordinates of the points on the curve where the gradient is 27.

94 = gx? + bx — 9

ax

6x° + 6x — 94 = 27

6x° + 6x — 36 = 0

x==-30rx=2

y values: =3 and 7

(-3,-3) and (2, 7)

23 y=—-x3+3x*+8.
Find an equation of the tangent to the curve at the point where x = 3.
Give your answer intheformy = mx + c.
y = 8 when x = 3
%‘1 = —3x% + 6x
m

= -9
y-8=0-Dk-3)

X

24 y=x3+kx®+6x+9
The gradient of the curve at the point wherex = —2is14.
Find the value of k.

%‘i=3x2+21<x+6
X

x = =2:306) + 2k(-2) + 6 = 14
=Gk + 18 = 14
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25 y=2x— 9 +3.
Find the coordinates of the points on the curve where the gradient is 15.

4y — gx2 — 9
adx
6x* =9 =15
6x° — 24 =0
Xx==-2o0rx=2

y values: S and |

(-2,8) and (2, 1)

26 y=—-5+7x*+5.
Find an equation of the tangent to the curve at the point where x = 2.
Give your answer intheformy = mx + c.
y = -7 when x = 2
%“ = —15x° + 14x
m

=-32
y-(7) = (=32)(x-2)

27 y=x3+kx®+6x+5
The gradient of the curve at the point wherex = —1is —3.
Find the value of k.

%‘i=3x2+21<x+6
X

x = =1 30) + 2k(-1) + 6 = -3
-2k + 9 = -3
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28  y=2x—15x°+36x — 7.
The curve has stationary pointsat x =2 and x = 3.
By considering the gradient on either side of each stationary point, determine whether eachisa

maximum or a minimum.

%“=6x2—30x+36
X

x = 2: gradient is positive just before and
negative just after, so maximum
x = 3: gradient is negative just before and
positive just after, so minimum

X = 2! maximum; x = 3:
minimum

29  The diagram shows a sketch of the curve with equation y = —2x3 + 9x* — 12x.

The curve has two turning points, A and B.
Find the coordinates of A and B. Diagram NOT accurately drawn.

d = _6x° + I8x — 12

res dx
%ﬂ =0:6(x-1Dk-2) =0
B X
o =X x=J]orx=2
A y=-Sand -4

A Q, -S), B (2 -4)

30 y=-5x*+8x—1
The point P on the curve has x coordinate 2.
Find an equation of the normal to the curve at P.
Give your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers.

y=-5
gradient of curve = —|2

' = L
gradient of normal = -

y- (=) =Lk-2)
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SteVV)Up Model Solution Differentiation (Edexcel 1GCSE)

31 y=23+9x%— 24x — 2.
The curve has stationary pointsat x = —4 and x = 1.
By considering the gradient on either side of each stationary point, determine whether eachisa

maximum or a minimum.
%gzéxzng—zq

X = —4: gradient is positive just before and
negative just after, so maximum
x = I: gradient is negative just before and
positive just after, so minimum

X = =4: maximum; x = I:
minimum

32  Thediagram shows a sketch of the curve with equation y = 2x3 + 3x? — 12x + 5.
The curve has two turning points, A and B.
Find the coordinates of A and B. Diagram NOT accurately drawn.

y % = gx + 6x = 12
A X
A 4 = 0: 60+ 2)x - 1) = 0
x==-2o0rx=1
y =25 and -2
N .
/ ol

A (-2, 25), B (I, -2)

33 A particlemovesin astraight line. At timet seconds its distance from afixed point O iss
metres, where s=t> — 6t% + Ot.
(a) Find an expression for the velocity, v m/s, of the particle at timet.
(b) Work out the velocity whent = 5.
(c) Find the two times when the particle is stationary.
(d) Work out the acceleration when t = 5.

(a)v=§=3t2-/2t+9

W) v(s) = 24

Wv=03G-1DE-3)=0

t=1or td= 3

d = 4av = -

(d)a=4G=6t-12 (a) 3t2 — 12t + 9 (b) 24 m/s
a(s) = I8 (c)t=1andt=3C(d) I8 m/s
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34 y=-23-x*+6.
The point P on the curve has x coordinate —1.
Find an equation of the normal to the curve at P.
Give your answer in the form ax + by + ¢ = 0, where a, b and c are integers.
y=7
gradient of curve = —¢
gradient of normal = L

4
y=7=306~-CD)

35 A company makes x thousand items each week. Its weekly profit is £P thousand, where P =
—5x?+ 80x — 5.

. dP
(a) Find W

(b) Find the number of items that gives the maximum profit.
(c) Work out the maximum weekly profit.
(d) Show that this value of P is amaximum.

() % = —10x + 30

b) -10x + 80 = 0

x = 8 so 8000 items

(c) P=3I§

() % = —10 < 0 so maximum

(a) —10x + 80 (b) 8,000 (c)
£31S thousand (d) negative
second derivative

36 A particlemovesin astraight line. At timet seconds its distance from afixed point O iss
metres, where s = t° — 9t® + 15t.
(a) Find an expression for the velocity, v m/s, of the particle at timet.
(b) Work out the velocity whent = 3.
(c) Find the two times when the particle is stationary.
(d) Work out the acceleration whent = 3.

(a)v=§=3t2—/3t+/5

) v(3) = -2

v=0:3¢-DE-5)=0

t=1or td= S

d) a = = 6t —

@a=73=6t-1% (a) 3t2 — 19t + 15 (b) =12 m/s
a(3) =0

(c)t=1andt =5 (d) 0 m/s’
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37 y=8x+9x+3.
The point P on the curve has x coordinate —1.
Find an equation of the normal to the curve at P.
Give your answer in the form ax + by + ¢ = 0, where a, b and c are integers.

y =2

gradient of curve = -7
gradient of normal = é
y-2=1G-C)

38 A company makes x thousand items each week. Its weekly profit is £P thousand, where P =
—3x%+90x — 5.

(d) Find %.
(b) Find the number of items that gives the maximum profit.
(c) Work out the maximum weekly profit.
(d) Show that this value of P is amaximum.
(a) % = —6x + 90
(b) —6x +90 = 0

x = 1S so 15000 items (a) —6x + 90 (b) 15,000 (c)

gé IZLP: 157-06 <0 : £670 thousand (a') y)egat/‘ve
o 50 e second derivative

39 fx)=x*-—-12x-1
(a) Find f'(x).
(b) Find the range of values of x for which f(x) is decreasing.
(a) f(x) = 3x* — 12
) flx) < 0: 30x +2)(x-2) <0
critical values x = =2 and x = 2
sketch the U-shaped quadratic

() 3°-120) -2 <x<2
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40 y=x3—9x%+ 24x + 10.

o)
(a) Find s
(b) Find the coordinates of the stationary points of the curve.
(c) Determine the nature of each stationary point.

(a)%=3x2—li’x+2‘i
(b)%g=o:3(x-2)(x—t;)=o

x=2o0rx=9

y = 30 and 26
(c) 4 = 6x - 18 (a) 3 = 1%x + 24 (b) (2,

30), (4, 26) (c) maximum at x

at x = 2: =6 so maximum
at x = 4: 6 so minimum =2, minimum at x =4

—x+2
41 y—x+X.

(a) Find %

(b) Find the coordinates of the stationary points of the curve.
(c) Work out the nature of the stationary point where x is positive.

(a) y = x + ax”!
du =) - gy
dx

W -a?=0
1=4

nd —4
-z (a) I = ax? (b) (2, 4) and

at x = 2 the value is positive so a minimum (__ 2 —¢ ) (C ) minimum
)

ola o I+ X
s <~
XNLSN

QU

@\‘txm
A |

42 f(x)=2x3— 9x* — 60x + 6
(a) Find f'(x).
(b) Find the range of values of x for which f(x) isincreasing.
(a) f(x) = 6x> — I18x — 60
) £lx) > 0: 6(x+2)(x-5) >0
critical values x = =2 and x = S
sketch the U-shaped quadratic

(a) 6x*> = 18x — 60 (b) x < =2
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43 y=2x3+6x>—18x — 6.

o)
(a) Find s
(b) Find the coordinates of the stationary points of the curve.
(c) Determine the nature of each stationary point.

(a) % =6 + 12x — I3
) %g =0:6(x+3)(x-1) =0

x=-3o0rx=1

Yy = 48 and 16

(&) 54 = 12x + 12 (a) 6x* + 12x — 13 (b) (-3,
at X = —3: =24 so maximum 48), (I, —16) (c) maximum at x
at x = I: 24 so minimum = =3, minimum at x =1

—y4 25
44 y—x+X.

(a) Find %

(b) Find the coordinates of the stationary points of the curve.
(c) Work out the nature of the stationary point where x is positive.

(@) y=x+ 25"
& =) - 257

()1 - 257 =0
1= 2
-

X =28
x = x5
y= qu and 5—{;/0
@5 =% (a) | — 25x7% (b) (S, 10) and
at x = S the value is positive so a minimum ("S __,0) (C) minimum
)

45 A farmer has 80 m of fencing. She uses all of it to make three sides of arectangular field. The
fourth sdeisawall.
The sides of the field perpendicular to the wall are each x metreslong.
(@) Show that the area of the field, A m?, isA = 80x — 2x*
(b) Use calculusto find the value of x for which A is amaximum.
(c) Work out the maximum area.

(a) length parallel to wall = 80 — 2x
A =x(30 - 2x) = 80x — 2X°
(b) % =30 - 4x = 0

% = —4 < 0 so maximum
X 5 (a) Shown (b) x = 20 (c) 200
(c) A =80 x20-2x20°= %800 m?
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46 A sguare piece of card has side 24 cm. A square of side x cm is cut from each corner. The card
isfolded to make an open box.
The volume of the box isV cm®.
(@) Show that V = 4x® — 96x° + 576x.
(b) Find the value of x for which V is a maximum.
(c) Work out this maximum volume. Diagram NOT accurately drawn.

@a) V = x(24 = 2x)? = x(576 — 96x + 4x*) = 4> — 96xX°> +
S76x
(b) % =127 — 192x + 576 = 0

12 = ¢)(x = 12) =0
X=4orx =12

X=§4asx<]|2 =
() V=24xQ4-38)=1024 (@) Shown (b) X 4 (e) 1024

47 Anopen box has a square base of side x cm and height h cm. The volume of the box is
108 cm?®.

(a) Show that the outside surface area, Scm?, is S=x? + %

(b) Find the value of x for which Sisaminimum.
(c) Work out the minimum value of S. Diagram NOT accurately drawn.
(@) h =12

S=XZ+QXh=XZ+%
dS _ o, _ 432 _
(b) Z = 2x x? =0
23 = 432
X3 = 216 v (a) Shown (b) x = 6 (c) 108
(c)5=36+7=108 com?

48 A farmer has 60 m of fencing. She uses all of it to make three sides of arectangular field. The
fourth sdeisawall.
The sides of the field perpendicular to the wall are each x metreslong.
(@) Show that the area of the field, A m?, isA = 60x — 2x*
(b) Use calculusto find the value of x for which A is amaximum.
(c) Work out the maximum area.

(a) length parallel to wall = 60 — 2x
A = x(60 — 2x) = 60x — 2x°

dh — 20 _ by =
(b) =60 - 4x =0
ah
dx?
(c) A=60x15-2x15 =450

-4 < 0 so maximum
Ca) Shown (b) x = 1S (c) 450
2

m
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49 A sguare piece of card has side 36 cm. A square of side x cm is cut from each corner. The card
isfolded to make an open box.
The volume of the box isV cm®.
(@) Show that V = 4x® — 144x? + 1296x.
(b) Find the value of x for which V is a maximum.
(c) Work out this maximum volume. Diagram NOT accurately drawn.
(a) vV = x(36 = 2x)? = x(1296 — 1494x + 6x°) = 43 — 144x>

+ 1296x
W) % =12 — 288x + 1296 = 0

12(x = 6)(x = 13) =0
x=6orx=1%8

x=6asx <18 =
(c) V=16x(36-12)° = 3456 (@) Shown (b) x; 6 () 3456

50  Anopen box has a square base of side x cm and height h cm. The volume of the box is 4 cm®.

16

(a) Show that the outside surface area, Scm?, isS=x° + o

(b) Find the value of x for which Sisaminimum.
(c) Work out the minimum value of S. Diagram NOT accurately drawn.

(@) h =1

S=x+4xh=x>+ 1

X
ds _ 5y _ 16 _
(b)dx—Zx S =0

2% = 16
x>=28

(c)S=04+ % Ca) Shown (b) x = 2 (c) 12

0
~
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