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Option 1: \ectors

1 A tetrahedron ABCD hasverticesA (-3, 5, 2),B (3, 13, 7), C(7, 0, 3) and D (5, 4, 8).

(i) Find the vector product AB x H’: and hence find the equation of the plane ABC. [4]
(i) Find the shortest distance from D to the plane ABC. [3]
(iii) Find the shortest distance between the lines AB and CD. [4]
(iv) Find the volume of the tetrahedron ABCD. [4]

The plane P with equation 3x — 2z + 5 = 0 contains the point B, and meets the lines AC and AD at E
and F respectively.

(v) Find A and i such that AE = AAC and AF = uAD. Deduce that E is between A and C, and that
F isbetween A and D. [5]

(vi) Hence, or otherwise, show that P divides the tetrahedron ABCD into two parts having volumes
intheratio 4 to 17. [4]

Option 2: Multi-variable calculus

2 Youaregiveng(x, Y, z) = 6xz — (X+ 2y + 3z)2.

(i) Find R a—yandg. (4]

A surface Shas equation g(X, vy, z) = 125.

(ii) Find the equation of the normal lineto Sat the point P (7, —7.5, 3). [3]
(iii) The point Q isonthisnormal lineandiscloseto P. At Q, g(X, ¥, z) = 125+ h, where his small.

Find the vector n such that @ = hn approximately. [5]
(iv) Show that there is no point on Sat which the normal lineis parallel to the z-axis. [4]
(v) Find thetwo points on Sat which the tangent planeis parallel to x + 5y = 0. [8]

Option 3: Differential geometry
3 Thecurve C has parametric equations x = 8t3, y = 9t? — 2t* fort > 0.

(i) Show that X% + V? = (18t + 8t%)2. Find the length of the arc of C for whichO <t < 2. [6]

(i) Find the area of the surface generated when the arc of C for which O <t < 2 isrotated through
2r radians about the x-axis. [6]

(iii) Show that the curvature at ageneral point on C is m [5]

(iv) Find the coordinates of the centre of curvature corresponding to the point on C wheret=1. [7]
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Option 4: Groups
4 A binary operation x is defined on real numbers x and y by
XxY =2Xy+X+YV.

You may assume that the operation * is commutative and associative.

(i) Explain briefly the meanings of the terms ‘ commutative’ and * associative' . [3]
(i) Show that Xy = 2(x+2)(y+3) - 3. [1]
The set Sconsists of all real numbers greater than —%.

(iii) (A) Usetheresult in part (ii) to show that Sis closed under the operation x.
(B) Show that S, with the operation x, is agroup. [9]

(iv) Show that Scontains no element of order 2. [3]

Thegroup G = {0, 1, 2, 4, 5, 6} has binary operation o defined by

X oy istheremainder when x x y isdivided by 7.

(v) Show that 406 = 2. [2]
The composition table for G is asfollows.

(¢]

o o0~ N P O

o o0~ N L OO
a N O O ~ |k
A O 01 O NN
N O O b O D
P A~ O O N OO
O Fr N b 01 OO

(vi) Find the order of each element of G. [3]

(vii) List all the subgroups of G. [3]

[Question 5is printed overleaf.]
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Option 5: Markov chains

This question requiresthe use of a calculator with the ability to handle matrices.

5

Every day, a security firm transports alarge sum of money from one bank to another. There are three
possible routes A, B and C. The route to be used is decided just before the journey begins, by a
computer programmed as follows.

On thefirst day, each of the three routesis equally likely to be used.

If route A was used on the previous day, route A, B or C will be used, with probabilities 0.1, 0.4, 0.5
respectively.

If route B was used on the previous day, route A, B or C will be used, with probabilities 0.7, 0.2, 0.1
respectively.

If route C was used on the previous day, route A, B or C will be used, with probabilities 0.1, 0.6, 0.3
respectively.

The situation is modelled as a Markov chain with three states.

(i) Write down the transition matrix P. [2]
(ii) Find the probability that route B is used on the 7th day. [4]
(iii) Find the probability that the same route is used on the 7th and 8th days. [3]

(iv) Find the probability that the route used on the 10th day is the same as that used on the 7th day.
[4]

(v) Giventhat P" — Q asn — oo, find the matrix Q (give the elementsto 4 decimal places). Interpret
the probabilities which occur in the matrix Q. [4]

The computer program is now to be changed, so that the long-run probabilities for routes A, B and C
will become 0.4, 0.2 and 0.4 respectively. The transition probabilities after routes A and B remain the
same as before.

(vi) Find the new transition probabilities after route C. [4]

(vii) A long time after the change of program, aday is chosen at random. Find the probability that the
route used on that day isthe same as on the previous day. [3]

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (OCR) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will be
pleased to make amends at the earliest possible opportunity.

OCR is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES),
which is itself a department of the University of Cambridge.

© OCR 2008 4757/01 Jun08



