Maths (H) | 2022 | Paper1 | Question 1 IS Crazam

(@) b2 —4ac=0 (formula for nature of roots, when one real root)
ax?+bx+c=0
a=3,b=-m, c=3

(—m)? —4(3)(3) = 0

m?—-36=0
m? = 36
m=+6
(b) 4x>+12x+9+7 =0 (multiply out equation)

4x2 +12x +16 =0

ax?+bx+c=0

a=4,b=12, c=16

b? — 4ac (formula for nature of roots)
122 — 4(4)(16)

144 — 256 = —112

b? — 4ac < 0 therefore no real roots

() ()3(-1D?*+2(-1)+5=0
3—24+5#0
(i) (x+ D(ax+b) +c
ax?*+ax+bx+b+c
3x2+2x+5 (compare the coefficients of each equation)
ax?=3x*,2x=ax+bx , b+c=5
a=3,2=a+b,b+c=5
2=34+b-> b=-1

(-1)+c=5-> c=6
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a) 2x3+32x2 1 6x+ ¢
3 2

(b) (i) f; ax? + bx + ¢ dx

E3+é 2_|_ ]2
B.X 2;x cXxX 0

220 + 2207 +c(2) — (2000° + 2(0) + ¢(0)) = 538

%a + 2b + 2c = 538 (multiply by 3 and divide by 2 to get simplest form)

8a+6b+6c=1614
2

4a + 3b+ 3c =807 QED
(i) 1. 4a + 3b + 3c =807 (multiply by —1)
2. 28a+9b+ 3c =879

3. 76a + 15b + 3c = 663

2. 28a+9b +‘ic\=&879
—1. —4a—3b—3s=—807

4, 24a+6b =72

3. 76a + 15b + 8c = 663
—1. —4a—-3b—3&=—-807

5. 72a + 12b = —144

4. 24a+6b =172 (multiply by —2)

4.(=2) —48a—-\2b = —144

5. 72a + 12% = —144
24a = —288
a=-—12
4. 24(-12)+6b =72 (subbed in for ‘a’)

—288+6b=72 - 6b=360 - b=060
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1. 4(—12) + 3(60) + 3c = 807 (subbed in for ‘a” and ‘b’)
—48 + 180 + 3¢ = 807
3c =675
c =225

a=-12, b=60, c =225
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(@ (Yz=6+2i
z—iz - (6+2i)—i(6+2Q)
6+ 2i — 6i — 2i?
6+2i—60+2
8—4i
(ii) |z] = length of the radius of z in an argand diagram 2.
a’?+ b? =c? 6
62 + 22 = ¢?
c =|z| =40
liz| - iz=2-6i
22+ (—6)% =¢?
|zi| = V40
|z —iz|
42 + 82 = 2
|z —iz| = /80
|z|? + |iz]|? = |z — iz|?
(V40)* + (V40)* = (v80)?
40+40=80 QED

(iii) Find distance from zto iz  (treat 6 + 2i as a point, x = 6,y = 2)

Distance formula: /(x; — %)% + (2 — ¥1)? Points: 6 + 2i,2 — 6i

J(6=2)7 + (2 - (=6))2 = V80
Diameter = V80, radius = @ =+/20

Area: mr? - n(m)z

20m
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(b)

a’+ b? = c?

(V3)" + (1) =12

r=v4=2

6 = 360 — 30° = 330°

De Moivre’s theorem: r(cos@ + isinf)
2(c0s330 + isin330)

(2(cos330 + isin330))’
2°(cos(330(9)) + isin(330(9)))
512(c0s2970 + isin2970)

=0+ 512

a=0, b=>512
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Un

(a) Un+1 = Upq

5
Uyyy = /u:f :E:m:@:y

(b) (i) Arithmetic sequence: 3™ term — 2" term = 2" term — 1t term
5 13, 5ek=5

=5 , y
5y —13=13 -2

y y
5y —26+2=0

y y
5y2 —26y+5=0 QED

(i) 5y2 =26y +5=0

_ 2_
sbibitac 5 p=-26,c=5
2a
—(=26)+/(=26)7—4(5)(5) +
(—26)1y(—26)?—4(5)(5) — 26124 =y= 50r 0.2
265) 10
Puty = e*

5=¢k -5 In5=k
02=ek - 1no.2=k=ln§=ln5—1=—ln5

k = In5 or — In5
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(@) g(x) = x* —x~!
g'(x) =2x+x7?2

, 1
g(x)=2x+;

(b) (i) 2x2 —23x + 63

x+1 2¥3 —21x? + 40x + 63

—(2x3 + 2x?)
—23¥“ + 40x
—(—23x? — 23x)

i
—(B3x +

2x2—23x+63=0
2x—9)(x-7)=0
2x=9 or x=7
x=§ or x=7 or x=-1
(i) f'(x) = 6x% — 42x + 40
6x2 —42x +40 =0 (Put = 0, to find points at which the function’s outputs become positive)

—-b+Vb2-4ac

2a

a=6,b=-42, c=40

—(—42)+4/(—42)2-4(6)(40) _ 42+V1764-960 _ 42+2v201

= = 5.862 or 1.137
2(6) 12 12

1.14 < x < 5.86
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(@) f(x+h)=2(x+h)?+4(x+h)
f(x) =2x% + 4x
fx+h)—f(x) =2(x+h)*>+4(x+ h) — (2x? + 4x)
f(x+h)—f(x)= 2x% + 4hx + 2h% + 4x + 4h — 2x? — 4x
= 4hx + 2h* + 4h

f(x+h)—f(x) _ 4hx+2h2+4h
h - h

=4x +2h+ 4 h limit 0
=4x+2(0)+ 4

f'(x) =4x+4

(b) Length: 4x
Width: x
Area of the rectangle: (4x)(x) = 4x?
4x% =225

x = E=7.5
4

Rate of change of the area: 8x

8(7.5) = 60cm?/cm (cm? of area increased per cm of width increased)

Graph of y = p'(x)

(c) Point given by question: (0,—3)
Same slope at start and at end for p(x), therefore: (4,—3)

Graph of p’(x) cuts at (1,0) and (3, 0) as they are turning points

Point of inflection is maximum point for p’(x) therefore itis: (2,1)
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(a) h(4) = 2(4)3 — 28.5(4)% + 105(4) + 70 = 162 BPM
(b) A’ (x) = 6x% — 57x + 105

(c) W'(2) = 6(2)% — 57(2) + 105 = 15

Explanation: the rate that Hannah’s heart rate is increasing after 2 minutes

(d) h'(x) = 6x2 —57x+105=0
2x2—19x+35=0
2x=5)x-7)=0
2x=5o0r x=7
x=250r7 (Sub back into h(x) to find values)
h(2.5) = 2(2.5)% — 28.5(2.5)% + 105(2.5) + 70 = 185.625 (greatest value)
We know the least value is when x = 0 from looking at the graph

h(0) = 2(0)3 — 28.5(0)2 + 105(0) + 70 = 70 (least value)

(e) h'(x) = 6x% —57x + 105
h'"(x) =12x — 57 =0 (find the point of inflection)

12x =57

x = i—; = 4.75 or 4 minutes and 45 seconds

(f) (i) b'(x) = h'(x)

(ii) 0.9 (x)

(g) 2(0.8x)3 — 28.5(0.8x)2 + 105(0.8x) + 70

m(x) = 1.024x3 — 18.24x + 84x + 70
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(a) 12, 42, 102, 132, 102, 42, 12, 42, 102

(b) 140

120
100
80
60
40

20

o~

v

(c) Period: 6

Range: [12, 32]

(d) Time above 42 in a period: 4
50 + 6 (minutes) = 8 periods and 2 extra minutes

8 X 4 = 32 + 2 (extra minutes) = 34 minutes

(e) 72 — 60 cos (gt) =110

—60cos (g t) =38
coS (gt) = _%

T _ 38
—t =cos™ ! (—)
3 60

gt =m+ 0.8849 or gt =m — 0.8849 (cos is negative in quadrant 2 and 3)

_ 3(w+0.8849) _ 3(m-0.8849) _

t

=3.85mins or t 2.15

2" value: 3.85 mins



UGN (72 — 60 cos (g t))
g{g 72¢ - 60 (2) sin (L)

: <(72(8) - sin (2@®)) - (720) - Lsin (2 (0)))>

72 —6.2=658m
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(a) 15(0.6)%> = 4.18 mg

(b) 15(0.6)¢ = 1

0.6" = —
15

t = 10go (11—5) = 5.3 days

(c) There are 4, 15 mg injections, but they each are decaying at a rate of 0.6 per day

Therefore for each 15 mg injection, the 4 of them have decayed by nothing, 0.6, 0.62, 0.63

(d) 5, = 2= a=15,r=0.6,n=10
15(1-0.61°
SlO = ﬁ = 37.27 mg
a 15
(E) Seo = 1 1ooe 37.5 mg

(f) (i)d +d(0.85) + d(0_85)2 4t d(0_85)n—1

5, =200 a=d,r=085
Sn _ d(1-0.85™) _ d(1-0.85™)

1-0.85 0.15

20 _ d(1-0.85™)  20d(1-0.85™)
20 015 3

20d(1-0.857)
3

(ii) 50
_ 7y — 150
d(1-085") =—

150

= 2001-0857) = 11.03mg

d=11mg
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(a) P(3) = 0.82 — 0.12In(3 + 1) = 0.65

(b) 0.82 — 0.121In(t + 1) = 0.55

0.12In(t + 1) = 0.27

In(t + 1) = 22

0.12

0.27

t+1=eo012

t =e%25 -1 =8.49 hours

N s
(0 (i) P'(t) = — 222
P'(1) = —% = —0.06

(ii) The proportion decreases as ‘t’ goes up

(d) P'(t) = —0.12(t + 1)1 (second derivative used to find point of inflection)
P"(t)=012(t+1)%2=0 (put = 0 to find point of inflection)

0.12 # 0 therefore no point of inflection

(e) (i) logy0A = log,o(B(t + 1))
logloA == logloB + loglo(t + 1)C

(©)log,o(t +1) = logi0A — log,oB

— log10A-log,19B
log1o(t+1)

(“) c = log10(80)—log10(47) =0.165
log10(24+1)
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