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*  Where appropriate, your answer should be supported with working. Marks might be
given for using a correct method, even if your answer is wrong.

» Give your final answers to a degree of accuracy that is appropriate to the context.

+ The acceleration due to gravity is denoted by gms=2. When a numerical value is
needed use g = 9.8 unless a different value is specified in the question.
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Formulae A Level Mathematics B (MEI) (H640)
Arithmetic series
S, = %n(a+l) = %n{2a+ (n—1)d}
Geometric series

g = a(l —r")

n 1—r

S ZIL for |r| < 1
oo —r

Binomial series
(@+b)'=a"+"C,d" 'b+"C,a" b’ +...+"C.d" b +...+b" (neN),

where "C = C = Mo _nl
ronTrAr) P (n—r)!

n(n—1) 2+m+n(n—1)...(n—r+1)

(14+x)"=1+nx+ T p X+ (x| <1, neR)
Differentiation

fix) £(x)

tan kx ksec?kx

secx secxtanx

cotx —cosec’x

cosecx —cosecxcotx

o vl

Quotient Rule y = %, ay = dedx

Differentiation from first principles
, . flx+h)—f(x)

£') = lim———)——
Integration

f'&) = In|f(x) +c
Jmﬂ%uﬂm

Jf'(x)(f(x))n dx = }Hl_ I (f(x))nH +c

u%deuv—Jv dx

Integration by parts J %

Small angle approximations

. 1 . . .
sinf =~ 0, cosf ~ 1— 592, tan® ~ 6 where 6 is measured in radians

© OCR 2025 H640/01 Jun25



Trigonometric identities
sin(4 + B) = sind cos B+ cosAsinB
cos(4+B) = cosAcosBFsindsinB

_ tan4ttanB 1
tan(4£B) = 1 FtanA tan B <A £B# (k+ 2)ﬂ>

Numerical methods

b —
Trapezium rule: J ydx = %h{(yo +y)+2(y, +y,+...+y, )}, where h = b=a
! f(x
The Newton-Raphson iteration for solving f(x) = 0: X, =X, — f’< (x">>
Probability
P(4 U B)=P(4)+P(B)—P(4 N B)
P(4NB
P(4 N B)=P(4)P(B|4)=P(B)P(4|B) or P(4|B)= %
Sample variance
>x)
5% = n%lsxx where § = Z(xl. —)_c)2 = fo - <T’) = fo —nx’
Standard deviation, s = v/variance
The binomial distribution
If X~ B(n, p) then P(X =) = "C p'q""" where g =1-p
Mean of X is np
Hypothesis testing for the mean of a Normal distribution
_ 2 X—u
If X ~ N(g,0?) then X ~ N, %[ and ~N(0,1
(1,07 [ﬂ ~ ] o/~ No.D

Percentage points of the Normal distribution

p 10 5 2 1

| 1
z | 1.645 | 1960 | 2.326 | 2.576 2P% 2P
N ~ >

Kinematics
Motion in a straight line Motion in two dimensions
v=u+at vV=u+at

_ 12 _ ()
s =ut+5at s=urt+sat
S=%(u+v)t s=%<u+v)t
v: = u* +2as
s =vt—zat’ s =vt—ar’
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Section A (20 marks)
1 (a) Sketch the function y = 12x— 3.
(b) In this question you must show detailed reasoning.

Solve the equation [2x — 3| = 4 —x.

2 Express LSZ in partial fractions.

x—1D(x—4)

3 (a) Evaluate
4
2
r
r=1
giving your answer as a fraction in its lowest terms.
(b) Write the sum 1+3+5+7+9 in a similar way to the series in part (a).

(¢) Explain why the sum to infinity of 1 +3+5+7+9+... is not well defined.

4  The diagram shows part of a circle with centre O and radius 5 cm. The circle passes through the
points A and B. The length AB is 5cm.

A 5cm B

Calculate the area of the shaded region.
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5 A uniform rectangular lamina ABCD has a mass of 0.12kg. Length AB is 11 cm and length AD is
20cm.

The lamina ABCD is held by a smooth hinge at A.

A horizontal force of magnitude PN is applied at B so that the lamina is in equilibrium in a
vertical plane with AD horizontal as shown in the diagram.

(A) 20cm D
I1cm
PN
B C
Show that P is 1.07 to 3 significant figures. [3]
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Section B (80 marks)

6 A caris travelling along a straight horizontal road. The car’s velocity vms ™' at time #s is shown
in the velocity-time graph below. The points (0, 3) and (5, 3) are joined with a line segment, and
the points (5, 3) and (15, —2) are joined with another line segment.

-1
v(ms™),
3
0 5 15 1(s)
-
(a) Calculate the total distance travelled by the car in the first 15s. [3]

The car is then attached to a caravan by means of a light inextensible horizontal tow bar and
continues travelling along the road. You are given the following information.

e The car and caravan accelerate at 1.5ms .

e The mass of the car is 1400 kg and the mass of the caravan is 900 kg.
e The driving force acting on the car is DN and the tension in the tow bar is 7 N.

* The resistances to motion acting on the car and caravan are 400N and 450N respectively.
(b) Write down the equations of motion for the car and the caravan separately. [2]

(¢) Calculate the values of D and T. [3]

7 In this question you must show detailed reasoning.

Show that the area of the finite region enclosed by the curves y = x* — 7x+2

and y = 14—9x—x" is 12 [7]

8 (a) Determine the two values of £ for which the line y = 3x+5 is a tangent to the curve
yv=k—kx —x°. (4]

(b) These values of k are used to define two curves of the form y = k— fx—x2.

Determine the coordinates of the point of intersection of these two curves. [3]
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9  The table below shows information about four of the moons of the planet Jupiter. The semi-major
axis is the greatest distance that each moon reaches from the centre of its orbit around Jupiter. The
orbital period is the time in Earth days that it takes to orbit the planet.

Moon Semi-major axis (km) Orbital period (Earth days)
Io 421800 1.7627

Europa 671100 3.5255
Ganymede 1070400 7.1556

Callisto 1882700 16.690

A student uses the equation 7' = kd" to model the orbital period of Jupiter’s moons, where T is the
orbital period in Earth days, d is the semi-major axis in km, and & and » are constants.

(a) Show that the equation 7'= kd" can be rewritten in the form log, 7' = log, k+nlog d. [1]

The student uses graph drawing software to plot log,, 7" against log,,d. They find that the line of
best fit for the data has gradient 1.504 and intercepts the log 7" axis at —8.215.

(b) Determine values of k and » that are consistent with this information. [3]

The student uses their equation to predict the orbital period for another moon of Jupiter
called Thebe which has a semi-major axis of 221900 km. They look up the value in an online
encyclopedia and find it is 0.6761 Earth days.

(c) Comment on the suitability of the student’s equation to model the orbital period of Thebe. [2]
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10 The diagram shows part of the graph of the function y = xe+ I which is defined for x >—1.
T 0 i £
) ) dy
(a) Find an expression for o [3]
(b) Determine the range of values of x where the gradient of the function is negative. [3]

(¢) Use the trapezium rule with 4 strips to estimate the area of the region bounded by the curve,
the axes and the line x = 1. [3]

(d) Determine whether the estimate in part (¢) is an under- or over-estimate. Give a reason for
your answer. [1]

11 The curve in the graph below is defined implicitly by (2x+y)(y—1) = 6.

Vs
&
RN >
dy _ 21—y
(a) Show that P m [4]
(b) Find the equation of the normal to the curve at the point (2, 2). [3]

(¢) Show that there is no point on the curve at which the tangent is parallel to the x-axis. [3]
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12 In this question x and y are the horizontal and upwards vertical directions respectively.
An astronaut is standing on the surface of the moon exploring the motion of a ball.

(a) The astronaut drops a ball from rest from 1 m above the surface. It takes 1.1s to hit the
surface.

Calculate the value of the acceleration due to the moon’s gravity. Give your answer correct to

3 significant figures. [2]

The astronaut stands in a crater of the moon and hits the ball with a golf club from the moon’s
surface. The initial velocity of the ball is 25ms " at an angle of 40° above the horizontal in
the x-direction.
(b) Taking the origin to be the point of projection, determine the equation of the trajectory of
the ball. Give your answer in the form y = f(x), with each of the coefficients correct to
3 significant figures. [4]

(¢) The edge of the crater is 40m away from the point of projection and 15 m above it.

Determine whether the ball goes over the crater’s edge. [2]

13 The displacement rm of a parachutist s after opening their parachute is modelled by

= < 50¢ )
280+ 5t—280e 1"
where the x-direction is horizontal and the y-direction is vertically downwards.

(a) Calculate the distance from the parachutist’s initial position that the model predicts after 10s.

3]
(b) Find a vector expression for the velocity of the parachutist according to the model. [3]
(¢) Determine what velocity the model predicts for large values of 7. [2]
(d) Parachutists usually land travelling approximately vertically.

Explain a factor that should be included in the model to better reflect this. [1]

Turn over for question 14
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14 In this question the i and j vectors are horizontal and vertically upward respectively.

A particle of mass 5kg is at rest on a rough horizontal shelf. The coefficient of friction between
the particle and the shelf is u.

(a) A force P =9i+20jN acts on the particle. The particle is on the point of sliding along the
shelf.

Determine the value of 4. [5]

The force P is removed. One end of the shelf is lifted so that it is inclined at a° to the horizontal.
(b) The particle is on the point of sliding down the shelf.
Show that o = 17.2 to 3 significant figures. [4]
1

(¢) The particle is projected up the shelf with an initial speed of Sms .

Given that the particle remains in contact with the shelf, determine the time after projection at
which the particle first comes to rest. [6]

END OF QUESTION PAPER
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