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1  Anparticle is attached to a spring and suspended vertically from a point P which is made to oscillate vertically.
The vertical displacement, x, of the particle from a fixed point at time ¢ is modelled by the differential

equation
2
2M+ 3g+ X = cost.
dr? dr
(i) Find the general solution of the differential equation. [8]

Initially the displacement and velocity of the particle are both zero.
(i) Find the particular solution and sketch its graph for large positive values of z. [6]
(iii) Find approximate values of the displacement and velocity at ¢t = 107. [3]

The point P stops oscillating at # = 107z and the subsequent motion of the particle is modelled by

d’x , ndx
2dt2+3dl+x_ 0.
(iv) Determine the type of damping present. 2]
(v) Using the values obtained in part (iii), find the particular solution for this motion. [5]

2 In this question take g = 10.

A rocket of mass 500kg is launched from rest from the sea bed at a depth of 124 m. It travels vertically
upwards. After ¢s it has risen xm and its velocity is vim s

In a simple model, for all stages of its motion, the mass of the rocket is constant and the only forces acting
on it are its weight, a driving force of 10000 N and a resistance force.

When in the sea, the magnitude of the resistance force is modelled by kv N, where £ is a constant.

5000(1 _ e_ﬁ)

500
k

(ii) Find x in terms of ¢ and k. [3]

(i) Write down and solve a differential equation to show that v =

8]

The time for the rocket to reach the surface of the sea is 5s.

(iii) Verify that k£ = 2.5 is consistent with this information and hence estimate the speed of the rocket when
it reaches the surface. 3]

After the rocket reaches the surface it travels vertically upwards through the air and the magnitude of the
resistance force is now modelled by 0.4v* N.

(iv) Show that v% = 10— 0.0008v>. 2]

(v) Solve this differential equation to find the particular solution for v in terms of x. Sketch a graph of this
solution, showing the asymptote. [8]
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d
(a) The differential equation Ey + 2y = sin2x is to be solved.

(i) Find the complementary function and a particular integral. Hence write down the general solution.

171

(ii) Find the particular solution subject to the condition y = 2 when x = 0. Sketch the solution curve

for x > 0. [4]
(b) The differential equation % + 2y = e " is to be solved.
(i) Use the integrating factor method to find the general solution for y in terms of x. [5]
(ii) Find the particular solution subject to the condition y = 2 when x = 0. [2]
dy

(¢) The differential equation — + 2y = tanx is to be solved subject to the condition y = 2 when x = 0.

dx

1
Use an integrating factor and the approximation f e*tanxdx ~ 2.71862 to calculate an approximate
value of y when x = 1. 0 [6]

The simultaneous differential equations

dv _ 5
T 2y—z
Y_

dr x+3y+z
d_

dr

are to be solved. Whent= 0, x=1, y= 0 and z = 2.
(i) Use the third equation to find the particular solution for z in terms of ¢. 2]

(i) Using part (i) eliminate y and z to obtain a second order differential equation for x. Hence find the

general solution for x in terms of ¢. [12]
(iii) Find the corresponding general solution for y. [3]
(iv) Find the particular solutions for x and y. (4]
(v) Show that x = y when 3sin¢ = ¢~ . Deduce that x = y occurs infinitely often. [3]
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Annotation in scoris Meaning
vand %
BOD Benefit of doubt
FT Follow through
ISW Ignore subsequent working
MO, M1 Method mark awarded O, 1
AO, Al Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded 0, 1
SC Special case
A Omission sign
MR Misread
Highlighting
Other abbreviations in Meaning

mark scheme

El Mark for explaining
Ul Mark for correct units
G1 Mark for a correct feature on a graph
M1 dep* Method mark dependent on a previous mark, indicated by *
cao Correct answer only
oe Or equivalent
rot Rounded or truncated
SOi Seen or implied
www Without wrong working
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2.  Subject-specific Marking Instructions for GCE Mathematics (MEI) Mechanics strand

a

Annotations should be used whenever appropriate during your marking.

The A, M and B annotations must be used on your standardisation scripts for responses that are not awarded either 0
or full marks. It is vital that you annotate standardisation scripts fully to show how the marks have been awarded.

For subsequent marking you must make it clear how you have arrived at the mark you have awarded.

An element of professional judgement is required in the marking of any written paper. Remember that the mark scheme is
designed to assist in marking incorrect solutions. Correct solutions leading to correct answers are awarded full marks but work
must not be judged on the answer alone, and answers that are given in the question, especially, must be validly obtained; key
steps in the working must always be looked at and anything unfamiliar must be investigated thoroughly.

Correct but unfamiliar or unexpected methods are often signalled by a correct result following an apparently incorrect method.
Such work must be carefully assessed. When a candidate adopts a method which does not correspond to the mark scheme,
award marks according to the spirit of the basic scheme; if you are in any doubt whatsoever (especially if several marks or
candidates are involved) you should contact your Team Leader.

The following types of marks are available.

M

A suitable method has been selected and applied in a manner which shows that the method is essentially understood. Method
marks are not usually lost for numerical errors, algebraic slips or errors in units. However, it is not usually sufficient for a
candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea must be applied to
the specific problem in hand, eg by substituting the relevant quantities into the formula. In some cases the nature of the errors
allowed for the award of an M mark may be specified.

A
Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless
the associated Method mark is earned (or implied). Therefore MO Al cannot ever be awarded.

B
Mark for a correct result or statement independent of Method marks.
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E
A given result is to be established or a result has to be explained. This usually requires more working or explanation than the
establishment of an unknown result.

Unless otherwise indicated, marks once gained cannot subsequently be lost, eg wrong working following a correct form of
answer is ignored. Sometimes this is reinforced in the mark scheme by the abbreviation isw. However, this would not apply to a
case where a candidate passes through the correct answer as part of a wrong argument.

When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the scheme
specifically says otherwise; and similarly where there are several B marks allocated. (The notation ‘dep *’ is used to indicate
that a particular mark is dependent on an earlier, asterisked, mark in the scheme.) Of course, in practice it may happen that
when a candidate has once gone wrong in a part of a question, the work from there on is worthless so that no more marks can
sensibly be given. On the other hand, when two or more steps are successfully run together by the candidate, the earlier marks
are implied and full credit must be given.

The abbreviation ft implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect
results. Otherwise, A and B marks are given for correct work only — differences in notation are of course permitted. A
(accuracy) marks are not given for answers obtained from incorrect working. When A or B marks are awarded for work at an
intermediate stage of a solution, there may be various alternatives that are equally acceptable. In such cases, exactly what is
acceptable will be detailed in the mark scheme rationale. If this is not the case please consult your Team Leader.

Sometimes the answer to one part of a question is used in a later part of the same question. In this case, A marks will often be
follow through’. In such cases you must ensure that you refer back to the answer of the previous part question even if this is
not shown within the image zone. You may find it easier to mark follow through questions candidate-by-candidate rather than
guestion-by-question.

Unless units are specifically requested, there is no penalty for wrong or missing units as long as the answer is humerically
correct and expressed either in Sl or in the units of the question. (e.g. lengths will be assumed to be in metres unless in a
particular question all the lengths are in km, when this would be assumed to be the unspecified unit.)

We are usually quite flexible about the accuracy to which the final answer is expressed and we do not penalise over-
specification.

When a value is given in the paper
Only accept an answer correct to at least as many significant figures as the given value. This rule should be applied to each
case.
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When a value is not given in the paper
Accept any answer that agrees with the correct value to 2 s.f.

ft should be used so that only one mark is lost for each distinct accuracy error, except for errors due to premature approximation
which should be penalised only once in the examination.

There is no penalty for using a wrong value for g. E marks will be lost except when results agree to the accuracy required in the
guestion.

Rules for replaced work

If a candidate attempts a question more than once, and indicates which attempt he/she wishes to be marked, then examiners
should do as the candidate requests.

If there are two or more attempts at a question which have not been crossed out, examiners should mark what appears to be
the last (complete) attempt and ignore the others.

NB Follow these maths-specific instructions rather than those in the assessor handbook.
For a genuine misreading (of numbers or symbols) which is such that the object and the difficulty of the question remain
unaltered, mark according to the scheme but following through from the candidate’s data. A penalty is then applied; 1 mark is

generally appropriate, though this may differ for some units. This is achieved by withholding one A mark in the question.

Marks designated as cao may be awarded as long as there are no other errors. E marks are lost unless, by chance, the given
results are established by equivalent working.

‘Fresh starts’ will not affect an earlier decision about a misread.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.

If a graphical calculator is used, some answers may be obtained with little or no working visible. Allow full marks for correct
answers (provided, of course, that there is nothing in the wording of the question specifying that analytical methods are

required). Where an answer is wrong but there is some evidence of method, allow appropriate method marks. Wrong answers
with no supporting method score zero. If in doubt, consult your Team Leader.
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Question Answer Marks Guidance
1] (@) 212 +32+1=0 M1 | Auxiliary equation
A=-1,-% Al Correct roots
CF x=ne'+Be"? F1 FT roots
Pl x=acost+bsint Bl
X = —asint+bcost, X =—-acost—bsint
2(—acost—bsint)+3(—asint+bcost)+ (acost+bsint) = cost M1 Differentiate and substitute
—a+3b=1) M1 Compare and solve
b => a=- %,b = %
~b-3a=0] Al Correct values
GS x=21(3sint-cost)+Ae '+Be '’ F1 | FT CF with 2 arbitrary constants + Pl
_ [8]
1] (i) Xx=0t=0=0=-L+A+8 M1 Use condition
Xx=L(3cost+sint)-Ae'-L1pe M1 Differentiate GS from (i)
Xx=0t=0=0==2-A-18 M1 | Use condition
x = =(3sint-cost)+ e '~ Ze "'’ Al | Correct expression
At least one and a half oscillations; Note_ that only large t
Graph B1 . required, but accept any
scales not required ) o
evidence of oscillations
Approximately constant amplitude and ET values of ab A B and
B1 constant frequency over at least two both values of ,?u,ne, ative
oscillations; scales not required 9
- [6]
1 | (iii) x ~ L (3sin107 - cos107) = - L M1 |Uset =10z ineither xor x soi
Al FT incorrect a and b from (i)
X = £(3c0s107 +sin107) = = Al FT incorrect a and b from (i)
[3]
1| (iv) Consider auxiliary equation; either
32-4.2.1=1 M1 discriminant or nature of roots found in
(i). Or state the CF again.
> 0 Or state roots are real and distinct. Overdamped Al Must give a reason
[2]
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11 W x=Ce 'y De 2 B1 | FT from (i)
-L-ce i M1 | Use condition. Accept applied at t = 0
x=-Ce'-1pe = 2o _ce ' -Lpe™” M1 | Use condition. Accept applied at t = 0
C=-21e""" D=2e"" Al cao
-2.2x10"%e '+ 2.65x10% e™"/?
FT their C and D if correct t used
X = 1 10z-t ie(lﬂﬂ—t)IZ Al 1 2 )
2 s sc Award for x = - —e '+ Ze " ifnewt
2 5
clearly defined.
_ [5]
210 EITHER: 500 % - 10 000 500g - kv M1 | N2L
dt
dv
P 10 - v Al
Ilo o dv= [ dt M1 | Separate and integrate
500
~S0 o - Zov|= e Al |LHS
Al RHS
10 _ Ky = g kiS00 M1 Rearrange, dealing properly with
500 constant
t=0,vy=0= A=10 M1 Use condition
V:Eﬁ(ﬂ(lie—kl/SOO) El
[8]
OR: 5002 _ 10 000 -500g — kv M1 N2L
dt
dv
P 10 - wav Al
IF: ekt/SOO B1
Ve /500 _ Iekt/soo_lo dt M1 t/:_t:g[iply through by IF and recognise
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5000
= ke Al | Integrate RHS
k
t=0,v=0= A= -% M1 Use condition
M1 Rearrange
v = 5(3:(&(17 —kl/SOO) El
[8]
OR: 5ood—V:10 000 -500g — kv M1 Use N2L
t
dv
P 10 - v Al
- . k
Auxiliary equation: 2 + — =0 M1
500
kt
CF. v=Ae °® Al
5000 .
Pl: v=—— M1 Find PI
k
kt
— 5000
GS: v = Ae o Al
k
t=0,v=0= A= -% M1 Use condition
v = 5Okﬂ(1 —kl/SOO) El
- [8]
2| (i) X = [vdt= 5000 (1, 800,7KI00Y () M1 | Attempt to integrate both terms
t=0x=0= 200(8), ¢ -9 M1 | Use condition
X = 5okoo (t 4 52_0(97“/500* 1)) Al CaO
[3]
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2 | (i) = 2.5,8 =5 = x = (5, 20 (o 7123500 _y)) M1
=124.0 (1dp) i.e. consistent El
v=2290(1-e7*7%) < 49.4 to 1dp B1 cao
_ [3]
2| () s00v 2. _ 10 000-500g — 0.4v> M1 N2L
dx
dv 2
v—=10-0.0008v El
dx
[2]
2 (V) v . . .
[————dv=[dx M1 Separate variables: attempt to integrate
10-0.0008v
,O_Otlsm‘lofo.oooavz‘: X+ ¢, 21 :5:2
Rearrange, dealing properly with
2 -0.0016x
10-0.0008v> = Be M1 constant
x=124,v=49.4= B =98 M1 Use correct condition
v = \/1250(1079.8e’°'°°1“) Al oe
Graph Bl Increasing and condition shown Starting from (124, 49.4) FT
B1 Asymptote at (awrt) 112
_ [8]
3| (@ | @) . . d
A+2=0= 1=-2 M1 | Auxiliary equationor IF: —(ye™) =0
dx
CF ae® Al
y =acos2x+bsin2x Bl
y'=—2asin2x+ 2bcos2x
—2asin 2x + 2bcos2x + 2(acos2x + bsin 2x) = sin 2x M1 Differentiate and substitute
-2a+2b=1] . . M1 | Compare and solve
} = a = - :,b = Z
2b+2a=0] Al cao
y =-2cos2x+Lsin2x+ Ae ™ F1 CF with one arbitrary constant + PI
[7]
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3| @ |()]2=-L+a M1 Use condition
y:—%0052x+%sin 2x+%e_2x Al cao
Graph Bl Starts from (0, 2) with negative gradient
Oscillations with constant amplitude and . .
Their function must have
Bl frequency for large x. Scales not -
. exponential decay term
required
_ [4]
3 (b) (I) I :exp(J’de):e2X B1
2x d_y+ Zer y = ex
dx
9 (e )= e M1
(&7 y)=
e?fy = [e"dx M1 Integrate
—e¥sc Al All correct
y=e “+ce F1 Divide through by IF
[5]
3| (b) |(ii)]|x=0y=2=>2=1+c=>c=1 M1 Use condition
y = e X4e 2 Al cao
[2]
3 () | = e M1
i(ezxy):ezxtanx M1
dx
PR S S Al LHS with limits
[e yL:O = Ioe tan x dx Al RHS
y)e?-2e" ~2.71862 B1 LHS
y(l) ~ 0.6386 Al 0.639 or better
_ [6]
4 (') z=Ae" Bl
Conditions = z = 2¢™" B1
[2]
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4 | (ii) Xx=x-2y-2e"
y=x+3y+2e M1 | Substitute
y=3(x-x-2e") M1 Rearrange
y=3(x-x+2e") M1 Differentiate
§(>'<—3<'+2e4):x+%(x—>'<—2e4)+2e7l M1 Substitute
X—4x+5x=4e " Al cao
A% -44+5=0 M1 | Auxiliary equation
A=2%] Al Correct roots
CF e (Bcost+Csint) M1 | Correct form of CF for their roots
F1 FT their roots
) FT if exponential term on
Pl x—ae! B1 Correct form of Pl RHS of d.e.
x=-ae ', x=ae '  ae '+d4ae +5ae ' =4e = a=12 M1 | Avalid method to find a
GS x:§e7‘+e2t(Bcost+Csint) Al cao
[12]
4 | (iii) Yo (xmimze”) M1 jubstltute x and x into expression for
x=-2e'+2e" (Bcost+Csint)+e” (~Bsint+C cost) M1 Differentiate using product rule
y:_§8,1+%82[(_(B+C)Cost+(B_C)sint) Al cao aef, simplified to a maximum of 5
terms
| [3]
4 | (iv) x=1t=0= 2+B=1 M1 Use condition
y=0t=0= -2-2B-7C=0 M1 | Use condition
B = i,C __9
5 5
x:§e71+§e2t(cost—3sint) Al
y=—%e7t+%e“(cost+25int) Al
[4]

10



June 2013

4758 Mark Scheme
Question Answer Marks Guidance
4 (V) X=y & %e4+%e21(cost—35int)
= - %eft+ %e“ (cost+ 2sint)
o e l=e (3sint) < e = 3sint Bl Be convinced
Fort>o0, 0<e™ <150its graph M1 | Consider graphs oe
will meet the graph of 3sint infinitely often El Complete argument
[3]

11
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4753/82 (C3) MEI Methods for Advanced Mathematics with Coursework: Carried Forward Coursework Mark Raw 18 15 13 11 9 8 0
4753 (C3) MEI Methods for Advanced Mathematics with Coursework UMS 100 80 70 60 50 40 0
4754/01 (C4) MEI Applications of Advanced Mathematics Raw 90 66 59 53 47 41 0
UMS 100 80 70 60 50 40 0
4755/01 (FP1) MEI Further Concepts for Advanced Mathematics Raw 72 63 57 51 45 40 0
UMS 100 80 70 60 50 40 0
4756/01 (FP2) MEI Further Methods for Advanced Mathematics Raw 72 61 54 48 42 36 0
UMS 100 80 70 60 50 40 0
4757/01 (FP3) MEI Further Applications of Advanced Mathematics Raw 72 60 52 44 36 28 0
UMS 100 80 70 60 50 40 0
4758/01 (DE) MEI Differential Equations with Coursework: Written Paper Raw 72 62 56 51 46 40 0
4758/02 (DE) MEI Differential Equations with Coursework: Coursework Raw 18 15 13 11 9 8 0
4758/82 (DE) MEI Differential Equations with Coursework: Carried Forward Coursework Mark Raw 18 15 13 11 9 8 0
4758 (DE) MEI Differential Equations with Coursework UMS 100 80 70 60 50 40 0
4761/01 (M1) MEI Mechanics 1 Raw 72 57 49 41 33 25 0
UMS 100 80 70 60 50 40 0
4762/01 (M2) MEI Mechanics 2 Raw 72 50 43 36 29 22 0
UMS 100 80 70 60 50 40 0
4763/01 (M3) MEI Mechanics 3 Raw 72 64 56 48 41 34 0
UMS 100 80 70 60 50 40 0
4764/01 (M4) MEI Mechanics 4 Raw 72 56 49 42 35 29 0
UMS 100 80 70 60 50 40 0
4766/01 (S1) MEI Statistics 1 Raw 72 55 48 41 35 29 0
UMS 100 80 70 60 50 40 0
4767/01 (S2) MEI Statistics 2 Raw 72 58 52 46 41 36 0
UMS 100 80 70 60 50 40 0
4768/01 (S3) MEI Statistics 3 Raw 72 61 55 49 44 39 0
UMS 100 80 70 60 50 40 0
4769/01 (S4) MEI Statistics 4 Raw 72 56 49 42 35 28 0
UMS 100 80 70 60 50 40 0
4771/01 (D1) MEI Decision Mathematics 1 Raw 72 58 52 46 40 35 0
UMS 100 80 70 60 50 40 0
4772/01 (D2) MEI Decision Mathematics 2 Raw 72 58 52 46 41 36 0
UMS 100 80 70 60 50 40 0
4773/01 (DC) MEI Decision Mathematics Computation Raw 72 46 40 34 29 24 0
UMS 100 80 70 60 50 40 0
4776/01 (NM) MEI Numerical Methods with Coursework: Written Paper Raw 72 56 50 44 38 31 0
4776/02 (NM) MEI Numerical Methods with Coursework: Coursework Raw 18 14 12 10 8 7 0
4776/82 (NM) MEI Numerical Methods with Coursework: Carried Forward Coursework Mark Raw 18 14 12 10 8 7 0
4776 (NM) MEI Numerical Methods with Coursework UMS 100 80 70 60 50 40 0
4777/01 (NC) MEI Numerical Computation Raw 72 55 47 39 32 25 0
UMS 100 80 70 60 50 40 0
4798/01 (FPT) Further Pure Mathematics with Technology Raw 72 57 49 41 33 26 0
UMS 100 80 70 60 50 40 0

GCE Statistics (MEI)
Max Mark a b C d e u
G241/01 (Z1) Statistics 1 Raw 72 55 48 41 35 29 0
UMS 100 80 70 60 50 40 0
G242/01 (Z2) Statistics 2 Raw 72 55 48 41 34 27 0
UMS 100 80 70 60 50 40 0
G243/01 (Z3) Statistics 3 Raw 72 56 48 41 34 27 0
UMS 100 80 70 60 50 40 0

Unit level raw mark and UMS grade boundaries June 2013 series: GCE

For a description of how UMS marks are calculated see:
www.ocr.org.uk/learners/ums_results.html
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