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Formulae A Level Mathematics B (MEI) (H640)

Arithmetic series
S, =4n(@+1)=4n{2a+(n-1)d}

Geometric series
_a@-r")

S
"o 1-r

S.. -2 for |r|<1
1-r

Binomial series
(a+b)"=a"+"C,a"h+"C, a" %+ ... +"C, a""b" + ... +b"  (nel),

n !
where "C, = S
r) ri(n-r)!

(1+X)n :1+nx+n(n—l_l)x2+ +n(n—1)'..$n—r+l)xr+ (|X|<1, nED)
r!
Differentiation
f(x) f'(x)
tan kx k sec? kx
SecX sec xtan x
cotx —cosec’ X
COSEC X —COSEC X Cot X
S dv
dy _ “dx dx

. u
Quotient Rule y=—,
v dx v

Differentiation from first principles

f,(x):!lm f(x+hr)]— f(x)
Integration

F09 gy =
If(x) dx = In|f (x)|+c

n+1

I £ (F(0)" dx = —— (F())"™ +c

Integration by parts ju @dx =uv-— Jvd—udx
dx dx
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Small angle approximations
sin@ = 6, cosg zl—%az, tan & ~ O where 6 is measured in radians

Trigonometric identities
sin(A=+ B) =sin Acos B +cos Asin B
cos(A+ B) =cos Acos B F¥sin Asin B

+
tan(A+B) = SNAZINE B ki L)
1¥tan AtanB

Numerical methods

Trapezium rule: Lb ydx~Zh{(yo +¥n) +2(Y1 + Yo +... + ¥,.1) }, where h= b-a
n
_ . f(X,)
The Newton-Raphson iteration for solving f(x)=0: X, .3 =X, — F(x)
n
Probability
P(AUB) =P(A) +P(B)-P(ANB)
P(ANnB
P(A~B)=P(A)P(B | A)=P(B)P(A|B) or P(A|B) :%
Sample variance
2
X:
s? =i18xx where S, =" (% —X)* =D % —m =Y xt=nx?
n— n
Standard deviation, s = \/variance
The binomial distribution
If X ~B(n, p)thenP(X =r)="C,p"q"" where q=1-p
Mean of X is np
Hypothesis testing for the mean of a Normal distribution
4 _
_ X —u
If X ~N(g, o?)then X~N| = |and ~N(0,2)
o) X~ s X
Percentage points of the Normal distribution
l [ 1 0,
D 10 5 2 1 5 P% SP%
z 1.645 1.960 2.326 2.575 b = -
Kinematics
Motion in a straight line Motion in two dimensions
v=u+at vV=u+at
s=ut+1iat’® s=ut+iat’
s=2(u+v)t s=1(u+v)t
v2 =u? + 2as
2 2
s=vt—iat s=vt—Lat
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Answer all the questions
Section A (23 marks)

1 Fig. 1 shows a sector of a circle of radius 7 cm. The area of the sector is 5cm?.

p 7cm

Fig. 1
Find the angle @ in radians. [2]
2 A geometric series has first term 3. The sum to infinity of the series is 8. Find the common ratio. [3]
3 Solve the inequality |2x -1 > 4. [4]

4 Differentiate the following.

(i) 1-3x2 [3]

X2

3X+2

(i) [3]
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5 Dora is trying to pull a loaded sledge along horizontal ground. The only resistance to motion of the sledge is
due to friction between it and the ground.

100N

Fig. 5

Initially she pulls with a force of 100 N inclined at 32° to the horizontal, as shown in Fig.5, but the sledge
does not move.

(i) Determine the frictional force between the ground and the sledge. Give your answer correct to 3
significant figures. [2]

(i) Next she pulls with a force of 100N inclined at a smaller angle to the horizontal. The sledge still does
not move. Compare the frictional force in this new situation with that in part (i), justifying your answer.

[2]

6 Fig. 6 shows a partially completed spreadsheet which uses the trapezium rule with four strips to estimate

1,
IOZ J1+sinx dx.

A B C D E

1 X sin X y

2 0 0.0000 0.0000 1.0000 0.5000

3 0.125 0.3927 0.3827 1.1759 1.1759

4 0.25 0.7854 0.7071 1.3066 1.3066

5 0.375 1.1781 0.9239 1.3870 1.3870

6 0.5 1.5708 1.0000 1.4142 0.7071

7 5.0766

8

Fig. 6

(i) Show how the value in cell B3 is calculated. [1]
(if) Show how the value in cell E7 is calculated from the values in cells D2 to D6. [1]

i,
(iii) Complete the calculation to estimate J'Oz J1+sinxdx, giving the answer to 3 significant figures.  [2]
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Answer all the questions

Section B (77 marks)

7 In this question take g = 10.
A small stone is projected from a point O with a speed of 26 ms * at an angle 6 above the horizontal. The

initial velocity and part of the path of the stone are shown in Fig. 7. You are given thatsinH:%. After t

seconds the horizontal and vertical displacements of the stone from O are x metres and y metres.

Y A

X
Fig. 7
(i) Using the standard model for projectile motion,
e show that y =24t —5t?,
e find an expression for x in terms of t. [4]

The stone passes through a point A which is 16 m above the level of O.
(ii) Find the two possible horizontal distances of A from O. [4]

Suppose that a toy balloon is projected from O with the same initial velocity as the small stone.

(iii) Suggest two ways in which the standard model could be adapted. [2]
8 Find.[x2 e dx. [7]
9 In a class experiment a small box is hit across a floor. After it has been hit, the box slides without rotation.

The box passes a point A. The distance the box travels after passing A before coming to rest is S metres and
the time this takes is T seconds. The only resistance to the box’s motion is friction due to the floor.
The mass of the box is mkg and the frictional force is a constant FN.

(i) (A) Find the equation of motion for the box while it is sliding.

(B) Show that S =KkT? where k = 2i [4]
m
(if) Given that k = 1.4, find the value of the coefficient of friction between the box and the floor. [4]
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10  Inacertain region, the populations, Pg and Pg of grey and red squirrels at time t years are modelled by the
equations

P, =1oooo(1— e‘kt)
P, =20000e Kt
where t >0 and k is a positive constant.
(i) (A) On the axes in your Printed Answer Book, sketch the graphs of P and P on the same axes.
(B) Give the equations of any asymptotes. [4]
(i) What does the model predict about the long term population of
e grey squirrels

e red squirrels? [2]

Grey squirrels and red squirrels compete for food and space. Grey squirrels are larger and more successful.

(iii) Comment on the validity of the model given by the equations, giving a reason for your answer. [1]

(iv) Show that, according to the model, the rate of decrease of the population of red squirrels is always
double the rate of increase of the population of grey squirrels. [4]

(v) Given that the numbers of grey and red squirrels are equal when t = 3, find the value of k. [4]
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11  Fig. 11 shows the curve with parametric equations

X=2c0sf, y=sing, 0<0<2r.
The point P has parameter 1z . The tangent at P to the curve meets the axes at A and B.

Y A
A
P
0 BN )
Fig. 11
(i) Show that the equation of the line AB is x+2y = 2J2. [6]
(ii) Determine the area of the triangle AOB. [3]

12 A model boat has velocity v = ((2t—2)i +(2t+2)j) ms *, where i and j are unit vectors east and north

respectively and t is the time in seconds, where t>0. The position vector of the boat is (3i + 14j) m when

t=3.

(i) Show that the boat is never instantaneously at rest. [2]
(ii) Determine any times at which the boat is moving directly northwards. [2]
(iii) Determine any times at which the boat is north-east of the origin. [5]

13 In this question you must show detailed reasoning.

Determine the values of k for which part of the graph of y = x? —kx+ 2k appears below the x-axis. [4]
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14 Blocks A and B are connected by a light rigid horizontal bar and are sliding on a rough horizontal surface. A
light horizontal string exerts a force of 40 N on B. This situation is shown in Fig. 14, which also shows the
direction of motion, the mass of each of the blocks and the resistances to their motion.

side view direction of motion
A bar B 40N string
10N 6kg 51\ 4kg
Fig. 14
(i) Calculate the tension in the bar. [4]

The string breaks while the blocks are sliding. The resistances to motion are unchanged.

(ii) Determine
e the magnitude of the new force in the bar,
e whether the bar is in tension or in compression. [5]

15  Fig. 15 shows a uniform shelf AB of weight W N which is 180 cm long and rests on supports at points C and
D. Cis30cm from A and D is 60cm from B.

side view
30cm C 60cm 30cm D 60cm
A A A B
WN
Fig. 15
Determine the range of positions a point load of 3W could be placed on the shelf without it tipping. [6]

END OF QUESTION PAPER
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