ALevelMathsRevision.com
Differential Equations Exam Questions MS (From OCR 4724)

Q1, (Jan 2006, Q8)
(i) J (y=3)dy = I (2-x)dx  orequiv M1 For separation & integration of both sides
1y? -3y =2x-1x? Al or 3(y-3) =-4(x-2)
For an arbitrary const on one/both sides *Bl }  (or + M2 for equiv statement using limits)
Substituting (x, y)= (5,4)or (4,5) & finding ‘¢’ dep*M1 }
1y?-3y=-1x+2x-3  AEF ISW Al 5 or $(y-3f=-1(x-2+5 AEF
(ii) Attempt to clear fracts (if nec) & compl square M1
a=2b=3,k=10 A2 3 Forall 3; SR: Al for 1 or 2 correct
(iii) Circle clearly indicated in a sketch Bl
Centre (2,3)or their (a,b) B1Y
Radius 10 or their vk BI1V 3 provided k>0
Q2, (Jan 2007, Q9)
(1) Separate variables as ,fseczy dy = 2fcos?2x dx | M1 seen or implied
LHS =tan y Al
RHS; attempt to change to double angle Ml
Correctly shown as 1 + cos 4x Al
[cos 4x dx = %Sinﬁlx Al
Completely correct equation (other than +c) Al tan y = x + %Sin 4x
+c on either side Al 7| not on both sides unless ¢, and ¢,
(11) Use boundary condition M1 provided a sensible outcome would ensue
¢ (onRHS) =1 Al or ¢, =c¢, =1; not fortuitously obtained
Substitute x = %rr into their eqn, produce y=1.05 | Al 3| or 4.19 or 7.33 etc. Radians only
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Q3, (Jun 2007, Q8)
1 1 dt 20

i) Sep variables ——(dh) = | —Idt *M1 s.0i. Of —=—— —M

(i) Sep eg [ 5= (ah) = [ 55(at) o =
LHS = —In(6 - h) A1 & then t = -20In(6 — h) (+c) > A1+A1
RHS = it (+c) Al

20
Subst t =0,h =1 into equation containing ‘c’ | dep*M1
Correct value of theirc = —(20)In5 WWW | A1 or (20)In 5 if on LHS
Produce t =201In BB—h WWW AG A1 6| Mustsee In5-In(6—h)
(i) When h=2,t= 201In % =4 46(2871) B1 1| Accept 4.5, 4%
(iii) Solve 10 =201In 5 102 _eos M1 or 871 _ 05 suitable 1 -way stage
6-h 6—-h 5
h = 2.97(2.9673467...) Al 2| 6-5e"° or6-¢""”
[In (i}, (i) accept non-decimal (exact) answers|but —1 oncg.]
Accept truncated values in (i), (iii).
(iv) Any indication of (approximately) 6 (m) B1 1
10
Q4, (Jan 2008, Q8)
(i) ;E or —kx%- or kx%- seen M1 k non-numerical; i.e. 1 side correct
t
E = —kx—% or ﬁ = kx% Al 2 | L.e. both sides correct
dr dt
(ii) Separate variables or invert, + attempt to integrate * M1 Based only on above eqns or % = Jc-+ , = x%

Correct result for their equation after integration Al Other than omission of ‘c’

Subst {r.x]= (0,2) into egn containing k &/or ¢ deptMI or substitute (5,1)

Subst (f,x) = (5,1) into eqn containing k& ¢ depfMI or substitute (0,2)

Subst x = 0.5 into eqn with their £ & c subst  dep§M]

t =8.5(8.5355339) Al 6 | [1 d.p. requested in question]
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Q5, (Jan 2009, Q9)

do

i) —=... Bl
(i) gy
k(160-8) Bl (2) The2 @ ‘Bl are indep
(i) Separate variables with (l 60 —1-9) in denom; or invert *M1 J 16{]1 r do = jk. é Jddr
Indication that LHS = In f(6) Al If wrong In, final 3@A =0
RHS = kt or %: or t (+c¢) Al
Subst. £=0,0 =20 into equation containing ‘c’ dep* M1
Subst #=5,8 =65 into equation containing ‘¢’ & ‘4’ dep* M1
c=—In140 (-4.94) ISW Al
k= 1 In 140 (=0.0770r 0.078) ISW Al
5 95
Using their ‘c” & ‘k’, subst # = 10 & evaluate € dep*M1
6 =96(95.535714) (9513) Al (9)
Q6, (Jan 2011, Q9)
. . . dt r
() Attempt to sep variables in the form P gy= gdr M1 Orinvert as —= . p.g.F consts
I(I_S)M '[ dx (x—ﬂ]}';
l %
dx = klx-8)" Al kconst
J (x—8)” x=8)
All correct (+¢) Al
i3 1 72 1
For equation containing ‘¢’; substitute =0, x =72 M1 M2 for J =j or j =I
72 0 35 0
Correct corresponding value of ¢ from correct eqn Al
Subst their ¢ & x =35 back into eqn M1
t= % or263 /2625 [C.AO] Al 7 A2t = % or 2.63 /2625 WWW
(ii) State/imply in some way that x = 8§ when flow stops Bl

Substitute x = 8 back into equation containing numeric ‘c’ M1

t=6 Al 3
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Q7, (Jun 2014, Q10)
(i) di

E ==(.01 Bl
by similar triangles, %:% Bl may be implied by r :%ne

dir 4

—=—rxh’

dh 9 Bl

dh dh M1 se of Chain rul may fclllcw from incnr(ect cllifferentliatinn:
¥= +0.01x “‘E'TE oe Hse of Lhain e expressions must be a function of either ror

h or both
4 ., dh ydh 009 -9
~0.01= “E h™)x dr Al completion to given result www h dr ~ 4r 4001
[5]
(ii) Bdh -9 p , if no subsequent work, integral signs needed,
J- N I 4007 I oesol M1 separation of variables but allow omission of dh or dr, but must be
correctly placed if present;

ﬂ = if{‘hﬁ‘}

3 4007 Al
substitution of r= 0 and h = 4.5 in their M1 expression must include ¢ and powers
expression following integration must be correct on each side

. [729 271 .
h= T T 007 0g 15w Al allow —0.0215 or—0.02148591 . rotto | 91.125=""/,
4 sf or more and similarly 91.125
4]
(iii) 1 ., o

set i = 0 and solve to obtain positive M1 or {1 :}E’Tx“ x4.5+0.01 (=1350m) NB 1350m = 4241.150082....
71 minutes cao Al

12]
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Qs, (Jun 2015, Q8)
(i) dP k& drP 1 . _
TP Bl or & AP k should be unspecified at this stage
dP k& dr may be seen later
k=100 from =~ Bl | or k=0.0lfrom S =— Y
d P d kP

deP = I(thﬂil‘ k)dr M1* | allow k=1 allow omission of | and recovery
of omission of one operator for
M1*Al

PE - B 2

S =Hte Al |ori=——+d if M0, SC2 for InP =kt + ¢

thereafter only M1 may be earned

substitution of 1 = 0 and F = 100 M1dep* | may follow incorrect algebraic manipulation, NB ¢ = 5000 or d = - 30

but equation must include ¢ (or d)
P =JT0000 + 200¢ or 10100+ 27 allow recovery from eg use of x for P
Al throughout, but withhold final Al for
P=..I,'2(}[] 5041) 1sw
or (50+7) 1sw cao eg x=~J10000+ 200¢
6]
value of P or ¢ must be found and
(i) =8, P=107.7 or 108 so model was a good Bl or f = 8.3(2) when P = 108 + comment correct comment made in each case;
fit in 2008 oe comments may be in same sentence.
=13, P=112{.2), so model was not B1 orf=31.9(2) or 32 when P= 128 + comment if BOBO, SC1 for both values found

appropriate in 2013 oe

12]

comments may be in same sentence, but both
values must be referenced

no FT marks available

comments on trends, extrapolation
etc do not score

just ticks / crosses ete do not score
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Q9, (Jun 2016, Q10)

()

A B (&
+ + -
(x+4) (x+1) (x+1)

[1645x—2x"]=A(x+1)" + B(x+ INx+4)+ C(x +4)

A=-4

C=3

B=2 isw

Bl

M1

Al

Al

Al

NB
36=-94

9=3C

—2=A4A+B,5=24+5B+C
16=4+4B +4C

4 2 3
+ +

(x+4) (x+1) (x+1)?

may be awarded later

allow sign errors only

if BOMO, allow SC3 for
2x+5 -4

(x+1) _x+4
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(ii)

fﬁ‘ 16+ 5x — 2x°
¥ (x+1P(x+4)

3 o2
(x+1)7 (x+1) (x+4)

seen in RHS, may be embedded

_—3+2In(x+1}—4ln[x+4}+f
x+1

In(L}:—3+Z_’lnl—41n4+c
256

¢ =3 cao

In}-‘:_—3+21n(2+l}—4In|[2+4]+3
2+1

Bl

M1*

AIFT

M1*dep

Al

M1*dep

Al
171

separation of variables

FT their partial fractions if two or
three terms; ignore LHS

FT their non-zero 3, 2 and 4; allow
recovery from x + 1% in
denominator;

if brackets in log terms omitted,
allow Al if recovery seen in
substitution

substitution of x =0 and y= L :
256

allow if error in manipulation
following integration;

or 4 =¢" from }'=A.e=ﬁ {'H_”;
(x+4)

substitution of x = 23

dependent on award of previous
MIMI1 and numerical value found
for ¢

allow omission of integral
s1gns;

allow omission of dy or dx but
not both

may be implied by correct
integration of two of their terms

allow omission of + ¢ here

t ¢ must be included and LHS
must be correctly obtained

allow M1 if substitution
follows incorrect manipulation
eg to find expression for y
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Q10, (Jun 2017, Q7)

1

Ind —In(250-A)=k (+¢)
valid substitution of =0 and 4 = 10 to find ¢

c=—1n?4 oe

constructive log step

taking exponentials correctly of both sides; FT therr
rearrangement and/or their numerical ¢

_250e"
T 24+e"

[4]

Alternatively
Ind —In(250 - A) =kt (+¢)

constructive log step, may be awarded after taking
exponentials

taking exponentials correctly of both sides; FT thewr

rearrangement

valid substitution of =0 and 4 = 10 to find ¢

A -In24
=g Tooe

250—-4

_250e"
T 24+e"

[4]

oe

M1*
Mildep*®

Al

Al

Mildep*

M1*

Al

Mildep*

Mildep*®

Al

Al

[6]

allow sign error
NB Inl0—-In240=0+¢

allow to 3 sf or more

g In| |=kt—1n24 0e
2504

244
& | 250 A4 | =<

allow sign error

i A ,
°g In 250-4)

— 3.17805383
]n|. A | —k—3.178
| 250— 4
or | A | _
2504
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ii
k=005 El

[1]

iii
A4 =250 [m’] Bl 1gnore commentary

[1]
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Q11, (Jun 2018, Q9)
i
@ d—V =ke sol
dr

(ii)

substitution of % =10_t=2

F=—ke '4+¢ oe

substitution of t=0. F=01intheir F=—ke " +¢

V=10e’(1-e) AG
x =3 gves =63 so1
t obtained from 63 =10e’(1—e™)

r=19t0 1915

as 1 becomes large. e becomes very small so1
x obtained from 10e” = (x+1)° —1

x=322cao

El

Al

AM1=

Mildep*

Al

El

Al

Al

B0 1f x used as constant mstead of
k- M marks are still available

NB 10 = ke not from ¥

from integration; allow onussion
of +c here; allow eg V' =le ™ +¢

must see + ¢ here; may be
awarded before & found

correct completion to given result;
A0 1f 73.89.. . used in working

NB 1.914688.  unsupported to 3
or more sf implies BIM1A1

need not be explicitly stated

allow B3 for 3.22 unsupported

alternatively, from connected rates of
change

(x+1) =—ke” + ¢ from j edr = I3(x +1) cx

substitution of =0, x = 0 (to obtain
c=1+k)

may be implied by 73.890. .. to 3 or more sf

NB 3.215111183 unsupported to 3 or more
sf justifies award of M1M1 1f working not
seen



