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Day 252 A Level Maths: A Tier 10-a-day: Model Solutions

1 Parametric equations: Cartesian form (AQA, Edexcel, OCR, MEI, Eduqgas)
A curve has parametric equations x =3 +5cos 0,y = —4 + 5sin 6.
Find its Cartesian equation and describe the curve.

_X=3 _ _y+4
cosG—T,sme— 5
Usecos?0+sin?0=1:(x —3)*+ (y+4)>=25

Answer: (x — 3)2 + (y + 4)> = 25, a circle with centre (3, —4), radius 5

2 Addition formulae with given sin and cos (All boards)

A is acute and B is obtuse, with sin A = l%and cos B = —g—g.
Find the exact values of sin(A+B) and tan(A—B).

A= 22 (A acute), sin B = - (B obt tan A== tanB = —
cos —13( acute), sin —25( obtuse), so tan = tan B = -5
: o 5 .24 12 7 _ 36
sm(A+B)—S|nAcosB+cosAsmB—ﬁ><( ﬁ)+1—3x2—5— 375

5 7
an(A_p) = 1A =tanB _ 7022 204
an( )_1+tanAtanB_1+ix_l ~ 253
17 X (=27)
. 36 _ 204
Answer: sin(A+B) = —35" tan(A—-B) = %53

3 Coding mean and standard deviation (AQA, Edexcel, OCR, MEI, Eduqas, CIE)
For 25 values of x, 2(x — 20) = 100 and X(x — 20)2 = 500.
Find the mean and standard deviation of x.

- .o = 100 _
Lety=x—20:y=—g =4
Mean of x =4 +20 =24
. _500 5 _
Variance = 5 4 =4
Subtracting a constant does not change spread, so sd = 2

Answer: mean 24, sd 2

4 Small angle approximations: limits (AQA, Edexcel, OCR, MEI, Eduqas)
For small 6 (in radians), use the small angle approximations to find the value that

sin 30 tan 460
1 — cos 46

approaches as 6 — 0.

sin30 = 30, tan 40 =~ 40, 1 — cos 40 = %(49)2
30x40 _ 126%2 _ 3

Expression = 1_6—92 = 1_6_92 =5
2 2
3
Answer: -

5 Circle and line: tangent condition (AQA, Edexcel, OCR, MEI, Edugas)
The line 5x + 12y = k is a tangent to the circle

(X —1)?+(y —2)?%=4.

Find the two possible values of k.

Centre (1, 2), radius 2

Distance from centre to the line = radius:

129 — k| _
13 2
|29 — k| = 26

Answer: k=3 or k=55
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6 Critical values for a binomial distribution (AQA, Edexcel, OCR, MEI, Edugas, CIE)
X ~ B(24, 0.25).
Find the largest value of ¢ such that P(X = c¢) < 0.01.
P(X = 1) = 0.00903
P(X = 2) =0.0398
0.00903 < 0.01 but 0.0398 > 0.01
Answer: c=1

7 Circle touching both axes (AQA, Edexcel, OCR, MEI, Eduqgas)
A circle touches both coordinate axes and passes through the point (12, —6). Its centre lies in the fourth quadrant.
Find the equations of the two possible circles.

Centre (r, —r), radius r > 0.

Through (12, —6): (12 — r)? + (=6 + )2 =r?

r> —36r+180=0

(r—6)(r—30)=0,sor=60r30

Answer: (x — 6)2 + (y + 6)2 =36 or (x — 30)? + (y + 30)> = 900

8 Friction: find | then stopping distance (AQA, Edexcel, OCR, MEI, Edugas, CIE)
A 15 kg box is pulled from rest along rough horizontal ground by a horizontal force of 44.25 N and moves 25 min 10 s.
Find (a) the coefficient of friction. The force is then removed; (b) find the further distance moved. Take g = 9.8. Give
answers to 3 s.f. if not exact.

s = Yat?: 25 = %ax102%,soa=0.5
(@P—nl5g=15a:44.25—-147pn=75,so0p=0.25

(b) v = at = 0.5x10 = 5; after removal deceleration = ng = 2.45
0 =52 — 2x2.45%s, s =5.10

Answer: (a) p =0.25 (b) 5.10 m

9 Equations with sec x and tan x (All boards)

Solve 4sec? 0 + 6tan ® — 8 =0
for 0° = 6 < 360°. Give answers to 1 d.p.

Use sec’0 =1 +tan®0: 4tan® 0 + 6tan© — 4 =0
tan 0 = —20rtan6:%

tan 0 = —2: 6 = 116.6°, 296.6°

tan 6 = 3: = 26.6°, 206.6°

Answer: 0 = 26.6°, 116.6°, 206.6°, 296.6°

10 Hinged rod held by a string (AQA, Edexcel, OCR, MEI)
A uniform rod AB (12 kg, 4 m) is smoothly hinged at A to a vertical wall, with a 2 kg particle at B. A light string from B to

the wall above A holds the rod horizontal, at angle 6 to it, tan 6 = % Find (a) the tension, (b) the magnitude of the hinge
force. Take g = 9.8. Give answers to 3 s.f. if not exact.

Moments about A: TsinOx4=12gx2+2gx4

TsinB=(6+2)g=78.4,s0(a) T=131

Horizontal component of hinge force: X = T cos 6 = 105

Vertical: Y + Tsin®=(12+2)g,soY=12g+2=58.8

(b) Force = V(X2 + Y2) = V(1052 + 58.82)

Answer: (a) 131 N (b) 120 N
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