A level Mathematics Practice Paper — Differential equations — Mark scheme

Question Scheme Marks
1 3 o . .
I ydy = —dx Can be implied. Ignore integral signs Bl
cos” x
=I3 sec’xdx
1
5y =3tanx (+C) M1 Al
T
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1y 3anZsc MI
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Leading to
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2(i) J.xe“ dx = —xe“—J. %e“ {dx} +axe® —J‘/i’e‘“c {dx}, a#0,5>0 Ml
lxe‘lx_ _e4x {dx} Al
4
=lxe4"—Le4" {+¢} lxe“—ie“ Al
4 6 4 16
3
2(ii) . +A(2x - 1)7 M1
8 8(2x — 1)
j—3 dy = ————— {+¢} 8(2x — 1) .
2x-1 (2)(-2) —~—___ orequivalent. Al
(2)(-2)
{= —2Q2x -1 {+ C}} {Ignore subsequent working;.
2)
2(iii) dy 7T
— = e"cosec2y cosec =—atx=0
ar y y y 6 x
I ! dyz-[exdx or J-sin2ysinydy:-[e”dx Bl oe
cosec2y cosec y
I2sinycosy siny dy = jex dx Applying
or sin2y — 2sin ycosy Ml
cosec2y
Integrates to give + usin’ y M1
2 .3 _ox s 2 2 : .3
Jsin’y =e {+¢c} 2sin’ ycosy — 3sin’y Al
e' > e B1
%sin3(£j =¢’ +c or Useofyzzand x=0
SRR 6 M1
2 (lj - in an integrated equation containing
38 c
11 . 2 ., . 11 2 ., 11
=>c=—-— ving —sin’y =e' —— = =e¢" —— Al
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3(2) J‘ & = J‘ S B1
Inx = _EH-C M1 Al
{t=0,x=60:>} In60=c
3, Al cso
Inx = —§t+ln60:> x=60e % or x= 650
2 — o
“)
3 5,
(®) 20=60e > or In20= —§t+ln60 M1
t= —zln(zoj {= 0.4394449... (days)} dM1
5 (60
=t =632.8006... = 633(to the nearest minute) Al cso
3)
(7 marks)
4(@) %:k (h=9), 9<h<200; h=130, %:—1.1
de de
-1.1=k J(130-9) = k=... M1
SO, k:—ior -0.1 Al
10
()
4(b) J'
’—(h 5 Bl
_1
j(h—9) 2dh= I kdt
(h 9)% Ml
(%) =kt (+ c) Al
{t=0,1=200=} 2./(200-9) = k(0) + ¢ Mi
= ¢=2191 = 2(h-9)" = —0.1¢ + 2/191
(h=50=) 2/(50-9) =—0.1¢ + 24/191 dM1
t=..
t = 204/191 — 20~/41
Al cso
or t=148.3430145... = 148 (minutes) (nearest minute)
(6)
(8 marks)
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5(a) 2 _ 4 N B
P(P-2) P (P-2)
2=AP-2)+BP Ml
A=-1,B=1 Al
iving —— - L Al
SVIEE (P-2) P
3
5(b) ar = lP(P— 2)cos 2t
de 2
2 dP = | cos2t dt B1
P(P-2) o¢
1(P2)1P1'2t() Ml
n — — N =—SIn +c
2 Al
{t=0,P=3=} li-m3=0+c {= e¢=-In3 or In(})} Ml
In(P-2)-InP= %sinZt —In3
1n[uj = lsin2t
P 2
3(P_2) _ e%sinZl Ml
P
3P_2 :P%sin% 3P_6 ZP%SiHZZ
(-2 - dM1
gives 3P— Pe™ =6 = P(3-e™")=6
6
P=— Al * cso
B-e"7)
Q)
5(c) {population = 4000 =} P = 4 M1
lsm2t 3(4 2) { In| = } Ml
2
t =0.4728700467... Al
3)
(13 marks)
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6(a kt —1)(5000 — N
@) ﬂ=( )( ), t>0, 0<N <5000
dr t
_ I v [® Dy - (k—let Bl
5000- N t t
~In(5000 — N) =kt — Inz; +¢ M1 Al Al
then eg either... or...
—kt + ¢ =1n(5000 — N)— In¢ kt + ¢ =1Int—1In(5000 — N)
—kt+c=1n5000—_N kt+c=ln;
t 5000 - N
—kt + ¢ SOOO—N kt+c __ t
€ = — e =—
t 5000 - N
leadingto N =5000 — Ate™™ with no incorrect working/statements. Al * cso
)
6(b) | {r=1,N=1200=} 1200=5000— Ae* .
{t=2,N=1800=} 1800 =5000—24e™>*
So Ae™* =3800
and 24e* =3200 or Ae** =1600
—k -2k
Eg. e_2k _ 3800 Ze_k _ 3200 M1
2e 3200 e 3800
go Lot 3800, 3200
2 3200 3800
7600 19
k = In| —— | or equivalent <eg k =In| —
[3200) ! {g (8]} Al
. 19
{A =3800(e") = 3800(§j = } A =9025 Al
“4)
6(c) _sm(ﬁ)
t=5, N=5000-9025(5)e '°
N = 4402.828401... = 4400 (fish) (nearest 100) Bl
1)
(10 marks)
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7(a) 1 4y +3)
[(4y+3) dx:((f;)(l)) (+C) M1 Al
2
2)
(:%(4y+3)%+C)
7(b) 1 1
———dy=|—=dx
J\/(4y+3) 4 fxz Bl
J‘(4y+3)7%dy:.|.x_2dx
1 1 1
—(4y+3) =—— C
“(@r+3) =1 (+0) M
Using (-2,1.5) %(4x1.5+3)5=——;+c M1
leading to C=1 Al
1 1
—(4y+3) =——+1
(4y+3) =——+
(4p+3)i=2-2 Ml
X
—l( —gjz—i or equivalent Al
4 4 X 4 a
(6)
(8 marks)
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8@ 149 _ 20-0), 4, 100
dr
1 1
do = | Adet or | ——do = | d¢ Bl
120-6 2(120-6)
1 M1 Al
—In(120 — 8); = At + or ——In(120-60);=1t+
n( ) ‘ 7n Jistre MI Al
{t=0,0=20 =) ~In(120 - 20) = 2(0) + ¢ Ml
¢=-In100 = —In(120 - @) = Ar — In100
then either... or...
—At =1n(120 - ) - In100 At =1n100~1n(120 - 6)
it =1 120=0 At = In| —2
100 120 -6
o 120-6 u _ 100
=100 20_0 dddM1
. (120- 6 )e* =100
100e™™ =120-46
= 120- 6 =100e ™" Al *
leading to 6 =120 —100e ™
®)
8(b) {4=0.01,0=100=} 100 =120 —100e " M1
Uses correct order of
= operations by
Coonr (120100 moving from
100e =120-100 = —O.Olt—ln(Tj 100 = 120 — 100"
. 1 | 120 = 100 to givet = ... and dM1
= n
~0.01 100 t=AnB,
where B >0
t= ! ln(lj =100In5
-0.01 5
t =160.94379... = 161 (s) (nearest second) awrt 161 Al
3
(11 marks)
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9 —
(a) {% _3-9 9)} N N SR S —125 do = BI
dr 125 125
~In(6 -3) =%l {+ ¢} or
See notes. | M1 Al
-In(3-6) =—t {+ ¢}
ln(0—3) =——7t +c¢
S, 1, Correct completion
0-3= ¢ » or e '¥ef to 0= Ae 0 L3 | Al
0 — Aef().()OSt + 3 %
“)
9(b) {1=0,0=16=}
16 = Ae™™0) | 3 = 4 =13 See notes. M1 Al
Substitutes # =10 into an equation
10=13¢"" +3 of the form 6= 4e™ ™ + 3, M1
or equivalent.
(0008 _ 7 L _0.008f = ln( 7 j Correct algebr?l to —0.998t =Ink, M1
13 13 where £ is a positive value.
ln(gj
=—"2_ 1= 77.3799... = 77 (nearest minute Tt Al
(~0.008) ( ) awrt 77
©)
(9 marks)
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Source paper | Question | New spec Question description New AOs
number | references

1] C42012 4 8.7 First order differential equations 1.1b, 2.1
2 | C4 June 2014 6 8.2,8.5,8.7,5.6 Integration, First order differential equations 1.1b, 2.1, 3.1a
3| C42016 4 8.8,6.3,6.5 First order differential equations 1.1b,2.1,3.1a,3 .4
4 | C42017 7 8.7 First order differential equations 1.1b, 2.1, 3.1a
5| C42015 7 2.10, 8.7, 8.8, First order differential equations 1.1b, 2.1, 3.1a,3.2a, 3.4
6 | C4 June 2014R | 7 8.7,8.8,6.3 Differential equations 1.1b, 3.1a,3.2a,3.4
71 C42011 8 8.7 First order differential equations 1.1b, 2.1
8| C42013 6 8.7, 8.8 Solution of a differential equation 1.1b,2.1,3.1a, 3.4
9 | C4 Jan 2013 8 8.7,8.8,6.3 First order differential equations 1.1b, 2.1, 3.1a, 3.2a, 3.4




