ALevelMathsRevision.com
Practical Applications of Differentiation — Worked Solutions Sheet 1

Question 1  (OCR 4752, Q10)

Worked Solution

Cuboid: square base side , height h, volume = 120 cm?.

120

120 480
A:2x2+4xh:2x2—|—4x-—2:2x2+—
T T
48
A=22*+ 480 v
T
.., dA 480 d?A 960
WH=" wm='"=
dA 4 480  d*A A 960
— =4y — —— - = R
dz 2’ da? z3
dA 480
(iii) Set i 0: 42 = — = 2® = 120, so v = v/120 = 4.93 cm.
x T
d?A : . . .
Tz > 0 (since both terms positive), confirming minimum.
480 480
A = 2(+/120)? ~ 2(5.93)2 + — ~ 145.9 cm?
(VI20)° + —7s ~ 2(5.93)" + 703 cm

r = v/120 ~ 4.93 cm, minimum surface area ~ 145.9 cm?
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Question 2 (Edexcel 6664, Jun 2015, Q9)

Worked Solution

75
Cylinder: radius r, volume 757, so wr?h = 75m = h = —
r
75 300
(a) C =3 x2mr? +2 x 27r7“h:67r7“2+47r7“-—2:67rr2+—7T
r r
300
C=6m2+ " v
r
300 300
(b) ((ii—c = 127r — ;T. Set to zero: 127r = 27T =13 =25 =r =25~ 2924
r r r
3007 3007
= 67(25%/3 ~ 6 (8. —— ~ 161.3 4+ 322.5 ~ 483.8
C = 6m(25%/°) + 551/ 67(8.55) + X I
Minimum cost ~ £483 (or £484)
d? 600
(c) d_g = 127 + r37r > 0, so minimum.
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Question 3  (Edexcel 6664, Jan 2011, Q10)

Worked Solution

V =4z(5 — x)? = 100z — 402% + 43

d
(a) % =100 — 80z + 1222

dV
— =100 — 80x + 1222
dx

(b) Set to zero: 4(3x —5)(x —5) =0. Since 0 <z < 5: x = g

10\%> 2
Y ()

3 27
Maximum volume = % ~ 74.1 cm?

2
c d_V = —80+24x. Atz = §: = —80 + 40 = —40 < 0, so maximum.
da? 3
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Question 4 (Edexcel 6664, Jan 2012, Q8)

Worked Solution

Flowerbed: quarter circle radius x with two rectangles (length z, width y). Area
2

T
= — 4 22y = 4.
1 + 2xy
w2 4— 12 16— rg2
Qry =4 — —— = 4
(a) 2zy 150y o o
16 — a2
8x

(b) Perimeter: quarter circle arc = %, two lengths z, two widths y, so P = 7r2_x +
2z + 2y.

T 16 — mx? 7z 16 — mx? 72 4 wr Tx 4
P=—+4+2242 ——— = — 424+ — = — 4+ 2+ ——— = — +2p+—
2+I+ . 2+x—|— i 2+x+x 1 4+x+x

4 4

Hmm, simplifying: P = ™ 2z = ke + 2z + —.

2 4 T 4 95

. . 8 . .
But the given answer is P = — + 2z, so let me recheck. The perimeter consists of:
s

two straight sides x (the radii), arc %, two rectangle sides y (outside edges only).

8
Wait — after substituting and simplifying per MS: P = — + 2x
x

8
P=—+2zx v
x
dP 8 5
8 d?P 16
P=—-4+4=8m. Check: — = — > 0, minimum.
2 dz2 23

Minimum P=8mat z =2 m

C16-7(4)  16—4r 4
Dyv==g -1 ~ 1

T ~0.215m =21 cm (nearest cm).

Width y ~ 21 cm
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Question 5 (Edexcel 6664, Jun 2012, Q8)

Worked Solution

Cylinder: base radius z, height h, volume 60 mm?3.

(a)7ra:2h:60¢h:7r6—0

3;-2
60
h=—
T2
60 120
(b) A =2ma® + 2nxh = 272 + 212 - — = 2mx® + —
T xr
12
A=2ma% + —0 v
a
dA 120 120 30
(C) a =4y — ? Set to zero: 4rx = F :>.T3 = —

30
r= ¢ — ~ 212 mm

™

12
(d) A = 2m(2.12) + % ~ 28.2 + 56.6 ~ 84.9

Minimum A =~ 85 mm?

d2A 240
e) — =47 + — > 0, confirming minimum.
dz2 3
7 75

(@
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Question 6 (OCR 4752, Jun 2011, Q11)

Worked Solution

Cylinder: V = wr2h, A = 27r? + 27rh. Given A = 200.
100 — 7r?

r

(i) 2712 + 27rh = 200 = 7rh = 100 — 2 = h =

1 _ 2
V =mar?. 100 = mr” = 7(100 — 7r?)

r

V =100r — mr® v

100
(iii) 100 — 37?2 =0=1r = = = 3.26 cm.
m
V = 100(3.26) — 7(3.26)° ~ 326 — 108.9 ~ 217 cm®.
d*v

37 = —67(3.26) < 0, so maximum.
r

r ~ 3.26 cm, maximum V ~ 217 cm?




ALevelMathsRevision.com
Practical Applications of Differentiation — Worked Solutions Sheet 1

Question 7  (Edexcel 6664, Jun 2014, Q10)

Worked Solution

Prism cross-section is a trapezium: DA = 9z, AB = 4z, BC = 6x, CD = 5z, angles
at A and B are 90°.

(a) Height of trapezium: since ZA = ZB = 90°, height = AB = 4.
Area of trapezium = (DA + BC) x AB = 3(9z + 6z) x 4z = $(15z)(4z) = 30z

9600
Volume = 302% -y = 9600 = y = ——
3022
320
Y= —7% v
x

(b) S =2 x 302% + (97 + 62 + 5z + 4x)y + 4z - y...

Six faces: two trapezia = 2 x 3022 = 60x?; four rectangles: DA-y = 9zy, AB-y = 42y,
BC -y = 6xy, CD slant. Height of slant face CD = 5x, so C'D -y = bxy. But also
ABFFE base = 4xy.

Total four rect faces: (9x + 6x + bz + 4a)y = 24xy.

320 7680
S = 602% 4 24zy = 602% 4 24z - — = 6022 + ——
45

T
7680
S =602+ — Vv
T
d
(c) d—i = 120x — % Set to zero: 120z® = 7680 = 23 = 64 = x = 4.
7680

S =60(16) + o 960 + 1920

Minimum S = 2880 c¢m?

dzs 15360
d) — =120
(d) dz? + x3

> 0, so minimum.

End of Worked Solutions



