Solving Differential Equations

Solving Differential Equations 2 - Edexcel Past Exam

Questions MARK SCHEME

Question 1
Question Scheme Marks
Mumber )
() |l=A3-Fy+EF Can be implied. | M1
A .li: E -% Erthar one. | Al
. | 1
EIVINE T + G-P) Sez notez. | Al cao, aef
[3]
() J' ! dP = i-:It Bl
P(3 - P 15
1 1, .. 1 h1#
—lP -5 -F)=—1 (+
- Sl =Py =t (+e) Al
{r=0,P=1=} ihl—lhﬂj:4}=[| +r [:} .:=—l_|11 b dhJ1*
3 3 2
L¢P ! . Uzing any of the
- . subtraction [or addition] _
BE- -T]II 5 __p| 50 -Ind laws for logarithms dMI*
5 \5-P) 5 5
CORREECTLY
f4p ) 1
]]‘l —_
5P, 3
4r - e I
2z ——— me" or e~ me” Eliminate In’s correctly. | dM1#
5-P 4p
gives 4P = 327 - Pe” = P4 +a")m 57
p-—2_ | ':'*_::'] Make P the subject. | dhi1+
@+e) =27
3 25
P = — or B e— et Al
1+42™) (5 +20e ™)
(8]
(c) l+4e™ =] = P=35, Sopopulation camnot excesd F000. Bl
(1]
12
Alternative method for part (b)
BIMI1*Al: as before for %lnP —l,ln{i -P)= %r (+¢)
5
Award 3" Mi1for ]n| L | =1: +g
\5-P) 3
th P I
Award 4% M1 for — = de
5-P
4 And 1 o | 1]
Award 2™ M1 for t=0,P=1 = — =de’ = 4d=-
5-1 L 4f
P 1 —:_'
—_— = -
5-P 4
then award the final M1A1 in the same way.
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Solving Differential Equations

Question 2
e scens
|‘y dy= f 3, dx Can be implied. Ignore integral signs | Bl
’ COS™ X
=[3sec’xdx
2y S3tnx (+0) M1 Al
y=2,x=2
4
B3 ¥ T
3 2°=3tan T +C M1
Leading to
C=-1
% ¥ =3tanx-1 or equivalent | Al
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Solving Differential Equations

Question 3
Question Scheme Marks
Number
{EJ?’_E}}: g | Lar o IEda=Jdr B1
L dt 125 ) i—-¢d 125 i-d
-In(6-3) =—1 {+ ¢} or -In(3-6)= %I {+ ¢} See notes. | M1 Al
In(6 - 3) =—%t +c
I 1, Correct completion
g§—3= ¢ 1= or e D:BG to 19=AE"“"“-"+3_
g 4et0E 3 % Al
[4]
(b) ft=0.6=16=} 16=dAde™"+3; = 4=13 See notes. | M1: Al
Substitutes & =10 1into an equation
10 =137 13 of the form &= 47" +3 M1
or equivalent. See notes.
5 Correct algebra to —0.008t =Ink,
{1 [WE :" ? ] . .
e BT = —0.008z = ]ﬂ[ﬁ ) where k is a positive value. See | M1
notes.
( (7
) \13 o
f=——"x_ = 773799 = 77 nearest minute ot 77 | Al
| (-0.008) ( ) aw
|
[5]
9
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Solving Differential Equations

M1: (Bl on epen) Substitutes # =16, r = 0, mfo erther their equation contaimng an unknown
constant or the printed

equation. Note: You can mmply this method mark.
Al: (M1 on epen) A=13. Note: £&=13"""+3 without amy worling implies the first too marks,
MIAL
Ml: Substitutes £=10 into an equation of the form &= _4=27""+ 3, or equivalent.

where 4 1z a positive or negative numerical value and 4 can be equal to 1 or -1.
MI1: Uses correct algebra to rearrange their equation into the form —0008: =Ink,

where & 15 a posttive numerical value.
Al: awrt 77 or awrt 1 hour 17 minutes.

.-iItemaﬁve Method 1 for part (B)
—dEJ j—-i: = lul-ﬁ'—"-l—it +
125 125
M1: Substitutes r =08 =

, 1
~Inf16 - 3) = —=(0} + .
[t=0,8=16=} \ ) llj{ ) *e into—In{ & - 3) =1+_f te
=-Inl3 -
¢ : Al: ¢=-Inl3

o o1 . ' 1
- -1 = — — T [ _ = e — ks
In(#-3) st Inl3 or m{#-3) 3! +Inl3

MI1: Substitutes # =10 into an equation of the
—1@10—3}:%1 Tk form iln(6-3) =:é: tu
where A, 1 are numerical values.
! MI: Uszes correct algebra to rearrange their
1 equation mio the form £0.008: = -mD,
= where C, ) are positive numertcal values.
t=T13799 . = 'l'"lfueme-t minute | Al: awrt 77,

Alternative Method 2 for part {b)
I dé = Lﬂ_.ﬂ = —Inf3 - El——t—a

ml3-In7 =

MI1: Substitutes : =0,8 =18,

1
—1u|3—16|—E{G} TE into— Lu.”-'-—Ej— ! —_— +r

{t=0,8=16=)

|..l

=e=-Il3 Al: c=—Inl3
~Inf3 - 61——t -Inl3 or I.u|3—5'|= —%: +Inl3

Ml: Substitutes # =10 nto an equation of the
~In{3

nl3 form fila(3-45) =:L_z' tu
. 125

where 7, i are mumerical values.

1 MI: Uses correct algebra to rearrange their

ml3-mn7 =13 equation into the form £0.008: = C-D,

where C, D are positive numerical values
= 77.3799... = 77 nearest minute) Al: awrt 77
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Solving Differential Equations

(k) | Alternative Method 3 for part (B)

L oas=1 l_d:
3-8 123

L] =[]

-In7T--Inl3 = —1

125

t = 77.3799... = 77 (nearest minuta)

Alternative Method 4 for part (b)

[(6=16) 16=A="""+3
[(6=10) 10=A4="""+3
_ II.-'].E'H. _ II.-' F'\-.
~0.008 =In| =2 | or ~0008=Iaf -
137 7Y
In| — n| —
o= '-\."'i."l = I"\.."{.-'
! 0008 —0.003
137 "7
m{2] L
E=L, —f. = ‘h"'U_ L..d_,l
W U008 — 0008
e
| bl ,
{t=—2"d = 773798 = 77 [nearsst minote
| (—0.008) ~ -

MIAL: 13
Ml: Substitutes limit of & =10 cormectly.

MI: Uses correct algebra to reamrange their
own equation into the form

10008t =InC -InDD,

where C, D are posttive numerical values.
Al: awrt 77

M1*: Wntes down a pawr of equations in 4 and ¢
,for =16 and & =10with erther 4 unlmown or
A baing a positive or negafive value.

Al: Two equations with an unknown 4.

M1: Uses correct algebra to solve both of
their equations lzading to answers of the form
—0.008: = Ink , where ¥ 1z a posttive numerical
value.

M1: Finds difference between the two times.
(either way round).

Al: zwrt 77. Correct solution only.
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Solving Differential Equations

Question 4
g:‘;g::‘ Scheme Marks
‘;—0 = 4(120-8), 6<100
(a) L_d6 = |adr or | ——do=|a B1
120-6 A(120-8)
1 M1 Al
T 20 - L= —— 20 - et v 2
In(120-8).=Ar+¢ or iln(l..o 6).=t+c See notes MI Al
{t=0,60=20 =) -1In(120 - 20) = A(0) + ¢ See notes | M1
c=-In100 = -In(120 - 8) = ir — In100
then either... or...
—At =1n(120 - 8)- In100 At =In100—-1n(120 - 8)
-At:ln(lzo_e] ,{:=ln( 100 ]
100 120-8
e _120-0 » __100
I 100 ? 120- 6 Ml
120- 6 )e* =100
100e™ =120-6 ( ) 4
= 120- 6 =100e" AL
leading to 8 =120 -100e™*
8]
(b) {A=001,6=100=} 100=120-100e™*% M1
20 -
= 100e="" =120 —100 = —0.0U=ln[l"0 100] Use_sconectordetofoperanoni?z
100 moving from 100 =120 - 100e
B 1 ln(l?.O—lOO) togiver= .. and t = AlnB, aM1
-0.01 100 where B >0
= ; ln(l]= 100In5
-0.01 5
t =160.94379._ = 161 (s) (nearest second) awrt 161 | Al
3]
11
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Solving Differential Equations

Notes for Question

Either

1
Mi1:
Ilzo—o

1
. = 20 —
Al: Il’ dé — 1!1(1-0 0,

dé — *AIn(120-6)

Mi: I/ldr — At
Al: Ii.dt — At +c¢

() ex -120-6
2): e =
or @ ¢ =0-6
1s requured for Al

Note: j‘; d
(1204 - 460)

(a) Bl: Separates vanables as shown. d&and dr should be in the correct positions, though this mark can be
unphed by later working. Ignore the integral signs.

or

j 1 40
7(120-6)

46 > -%m(lzo-a) or -}m(lzox-w).

— +AIn(120 - ). A4 1sa constant.

1
,[}.(120—0)
Ildr -1

|or Ildt — 1+ ¢ The + ¢ can appear on either side of the equation.

IMPORTANT: +c¢ can be on either side of their equation for the 2** A1 mark.
M1: Substitutes 7 =0 AND & = 20 1n an integrated or changed equation containing ¢ (orA4 or InA).
Note that this mark can be implied by the correct value of . { Note that —In100 = -4.60517__.}.

dddM1: Uses their value of ¢ which must be a In term, and uses fully correct method to eliminate their
logarithms. Note: This mark 1s dependent on all three previous method marks being awarded.

Al%: This 1s a given answer. All previous marks must have been scored and there must not be any errors n
the candidate’s working. Do not accept huge leaps m working at the end. So a nunimum of either:

= 100e™ =120-8 = 6=120-100e"*

= (120- 8 )e” =100 = 120- 8 =100e™" = @ =120 -100e™"

6 - -;.ln(lzo,{-/w) is ok for the first M1A1 in part (a).

6 and 1.

(b) MI1: Substitutes 4 =0.01and & =100 mnto the printed equation or one of their earlier equations connecting
This mark can be implied by subsequent working.
dM1: Candidate uses correct order of operations by moving from 100 =120 —100e™°™ to r=_..

Note: that the 2** Method mark is dependent on the 1" Method mark being awarded in part (b).
Al: awrt 161 or “awrt” 2 nunutes 41 seconds. (Ignore incorrect units).

Aliter 1
w ||

dé = J‘Adr
Way 2 120-6

-In(120-8) = Ar+¢

-In(120-6) = At +¢
In(120-8) =—At+¢

120 -8 = Ae™

6 =120 - Ae™™

{t=0,6=20 =} 20 =120 - 4¢°
A=120-20=100

So, & =120-100e™"

Bl
Ml Al;
See notes M1 Al
M1
dddM1 Al *
[8]
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Solving Differential Equations

Notes for Question Continued

BIMIAIMIAL: Mark as i the ongimnal scheme.
M1: Substitutes =0 AND & = 20 m an integrated equation contaiming their constant of integration which

could be ¢ or 4. Naote that this mark can be implied by the correct value of c or 4.

dddM1: Uses a fully correct method to elinunate their logarithms and writes down an equation containmng
their evaluated constant of integration.

Note: This mark 1s dependent on all three previous method marks being awarded.

Note: In(120-8) =—Ait+¢ leadngto 120 - f=¢"" +e° or120- 8 =e"* + A, would be dddMO.
Al*": Same as the onginal scheme.

Note: The jump from In(120 - 8) =—Ar+c to 120 -8 = Ae™ with no incorrect working 1s condoned

mn part (a).

Aliter

(a)
Way 3

I : dG:IAd: =I i de-_-j,{dr B1
120-8 6-120
; Modulus required | M1 Al
- —-120| =
o120 = £+ ¢ for I A1 | M1 A1
. Modulus
=0,8=20 =} -In[20 - 120 = A(0 .
tr & i 0} i) e not required here! Mt
= ¢ =-1n100 = —In|6 - 120| = 4r —In100
then either... or...
-4t =n|6 —120|- In100 At =n100-1n|6 - 120|
it =in|2 120 it =n| 22
100 6-120
As <100
120-6 100
—At = h( ] At = ln( 120— @ Understanding of
' modulus is required | dddM1
e = 120 -9 e = 100 here!
100 120-6
120- 6 )e“ =100
100e™* =120~ 8 ( )
= 120- 8 =100e” T
leading to & =120 - 100e™*
[81

B1: Mark as in the original scheme.
M1: Mark as in the onginal scheme 1gnoring the modulus.

Al: J‘ - déd — —ln|9 = l2q . (The modulus is required here).

120-8
M1A1l: Mark as in the ongmal scheme.
M1: Substifutes r =0 AND & = 20 i an integrated equation containing their constant of integration which
could be ¢ or 4. Mark as in the original scheme ignoring the modulus.
dddMI1: Mark as in the original scheme AND the candidate must demonstrate that they have converted
ln|0 - 120[ to In(120 — #) 1in thewr working. Note: This mark 1s dependent on all three previous method
marks being awarded.
Al: Mark as in the original scheme.
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Solving Differential Equations

— = A(120-8) = 96 4 26 =1202
dr dr

IF = ¥

d Ar g Ar

a(e 6) = 1204e”,

e”8 = 1204e* + k

6 =120+ Ke™

{f=0,3=20 :}-—100=K

8 = 120 - 100e™*

Bl

MIAl

M1A1l
Ml

MI1A1

Notes for Question Continued
-\h(t:;" Use of an integrating factor
Way 4 | dé
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Solving Differential Equations

Question 5
S Scheme Marks
; ; +axe" —Iﬂe" {d}, a=0, >0 | M1
(1) jxe" dx = —xe* -I —e* {dx} : i
4 4 _xeh J. _eh {dk} Al
4 4
=Lyt Lo {+c} e Llev [
B 16 4 16
(3]
. T +A(2x-1)7 | M1
& 2x—-D~ J
@) j @x-1 aee 2(-2) ) Box ). or equivalent. | A1
) (-2 '
{=-202x-17 {+c}} {Ignore subsequent working}. 2]
dy X
it} —— = e"cosec2ycosecy y=—atx=0
(111) o ] :
Main Scheme
I+¢'=Ie’dt or Istnlysmydy:je’dr Bl oe
cosec 2y cosec y
IZsmycosy smydy = Ie’ dx Applying ! or sin2y — 2smycosy | M1
cosecy
Integrates to give = usin’ y | M1
) y
-i-sin’ y=e"{+c} 2sin” ycosy —» ;sm’y Al
e'— e* | Bl
4
2 L S
isin’(%J=°+c o —[%]-l:c Useof y=—and x=0 | \,,
' ' in an integrated equation containing ¢
1 S | @osg = % g |
= c=—-— v Zsm’y =e' — - )y =e¢'-— | A
{ 12} e 12 3sm =8 12 :
71
Alternative Method 1
I; dy = Ie’ dr or Isinz_vsiny dy = Ie' dx Bl oe
cosec 2y cosec y
.[—%(cosBy-cosy)d}’ = e dx sin2ysiny —>*Acos3y £ Acosy | Ml
Integrates to give +asm3y = Ssiny | M1
1(1 . g {6 e
-5(‘-3-sm3_v-sm,\] =e' {+c} -5(35“13.‘ sm,»] Al
e — e as part of solving their DE. | Bl
4
—l[lsm(s—”)—sm(l}]=e° +c or —l{l_l]_l =c Use°f."=zand Xx=0man Ml
2(3 6 6 213 2 vets
mtegrated equation containng ¢
=,¢-__H Vi —lsin3-+lsin'-e’—H —lsin?»v+lsinv=e’—E Al
=Tz PR Tgmmiyrasar=e -3 - it 12
(7]
12
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Solving Differential Equations

Question Notes

(1)

(m)

(11)

Ml

Al

Al

isw

SC

M1

Al

Note

Bl

Note

Ml

M1

Al
B1
M1
Note
Al
Note

Integration by parts 1s applied i the form +axe® - Iﬂe" {dx} , where @20, #>0.

(must be mn this form).
%xe" —j %e" {dx} or equivalent.

%xe" - ée" with/without + ¢. Can be un-simplified.

You can ignore subsequent working following on from a correct solution.

\

SPECIAL CASE: A candidate who uses u = x, E\ =e" wrnites down the correct “by parts”

formula,
but makes only one error when applying it can be awarded Special Case M1.

+A(2x =17, A =0. Note that Acanbe 1.

2y =17 : =2
L or -2(2x-1)" or ———

2X-2) 2x =1y
You can ignore subsequent working which follows from a correct answer.

with/without + ¢. Can be un-simphfied.

Separates vanables as shown. dyand dr should be mn the correct positions, though this mark can be
implied by later working. Ignore the mtegral signs.

Allow B1 for I W S Ie' or I sm2y sy = Ie"
cosec2y cosec y

> —2smycosy or sm2y—2smycosy or sm2ysiny—>*Acos3yxAcosy
cosecy

seen anywhere in the candidate’s working to ().
Integrates to give *usin’ y, u=0 or tasmn3dy+ Bsiny, a=0, f20
2sin” veosv — %sm’ v (with no extra terms) or inteerates to eve —é( ésmh' —sin v]
Evidence that e* has been integrated to give e” as part of solving their DE.
Some evidence of using both y = %and x = 0 n an integrated or changed equation containing ¢.
that 1s mark can be implied by the correct value of ¢.
2 . y 1 M 1. e b |
;sm y=e —— or - sin3y + Ssiny=e —— Orany equivalent correct answer.

- -

You can ignore subsequent working which follows from a correct answer.

Alternative Method 2 (Using integration by parts twice

Ismz,v smydy = je' dx Bl oe
Applies integration by parts twice A2
togive *acosysiny = fsinycos2y |-
1 2 1 . 2.
—cosysm2y ——smycos2y =e* {+¢ —cosysmn2y — —sinycos2y
i o el AL il
(simplified or un-simplified)
e — e as part of solving their DE. | Bl

1 . .
;cosysmz_v —;smycosl_v = —— ——sm3y+—smy=e" —— | Al

as m the mamn scheme | M1
2 11 1 1 11
12 6 2 12

[71
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Solving Differential Equations

Question 6
szntt::rn Scheme Marks
%: (B-D0-N). .o 0eNc00
T

(a) J‘; dv = J-(h__l)d: {oy = I{k—l ]dt} See notes | Bl
5000-N t t

~In(5000 - N) =kr - Inr; +¢ See notes | M1 Al; Al

then eg either... or... or...
~kt+¢ =In(5000- N)-Inr | kt + ¢ =lnt-1n(5000 = N) | (5000 - ¥) = —kt + Int +¢
5000 - N f s
_h+t=ln[—] h+[=|n— o - ke +dnr ¢
‘ [sooo - N] B
: 5000 - N e t -
Mve g, SOV e e 5000 — N = .
e ; 5000 — N 5000 - N =te
leadmgto N =5000— Are™ wath no incorrect working/statements. See notes Al* cso
5]
-k
®) {r=1,N=1200=>} 1200 =5000 ~ Ae At least one correct statement written | .,
{r=2,N=1800=>} 1800 =5000-2Ae™" down using the boundary conditions
So Ae™* = 3800
and  24e™ =3200 or Ae™* =1600
Eg e’ 3800 = 2e 3200 An attempt to eliminate 4 | -,
: 2e* 3200 et 3800 by producing an equation in only k.
2
So ' =222 or 2e¥ =22
Z 320U 3BUU
e a0d i At least one of 4 =9025cao
k = A = — o
ln(3200] or equivalent {egk ln( 5 }} ke h[%] o ak Al
= Both 4 =9025 cao
= 5y = — =902
{.4 3800(e") 3800(8)=}A 9025 ork:ln(moo] or exact equivalent Al
3200
[4]
Alternative Methaod for the M1 mark in (b)
ot - 3800
A
2
3800 ) An attempt to elinunate k
2‘4[ A ) =3200 by producing an equation 1 only A4 Pl
-5~£
(© {r=5.N=5000—9025(5)e . }
N = 4402.828401 .. = 4400 (fish) (nearest 100) anything that rounds to 4400 | Bl
(1]
10
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Solving Differential Equations

Question Notes

(b)

(c)

B1

Ml

Al
Al

Note
Al

NOTE

B1
M1

Al

Al

Note

Note
B1

Separates vanables as shown. dN and dr should be mn the correct positions, though this mark can be
umplied by later working. Ignore the integral signs.
Either =AIn(5000~N)or £AIln(N-5000) or kr ~Inr where 4=0 1sa constant.

For ~In(5000 - N) =kt —Inr or In(5000 - N) =—kt +Inr or -%m(sooo-zv) =r-%lnr o8
which is dependent on the 17 M1 mark being awarded.
For applying a constant of integration, eg. + ¢ or + Ine‘ or +Inc orA to their integrated equation
+ ¢ can be on either side of their equation for the 2* Al mark.
Uses a constant of integration eg. “c” or “ Ine® ™ "Inc¢" or and applies a fully correct method to
prove the result N = 5000 — Are™ with no incorrect working seen. (Correct solution only.)
IMPORTANT
There needs to be an intermediate stage of justifying the 4 and thee™ in Are™ by for example

e either 5000~ N =¢"'~"*¢

e or 5000 - N =re "¢

e or 5000 — N =te™ e
or equivalent needs to be stated before achieving N = 5000 — Ate™

At least one of either 1200 = 5000 — 4e™* (or equivalent) or 1800 = 5000 — 2.4e™** (or equivalent)
e Either an attempt to elinunate .4 by producing an equation 1 only k.
e or an attempt to elinunate £ by producing an equation in only A

At least one of 4 =9025ca0 or k = h(%) or equivalent
Both 4 =9025 cao or k= h(%] or equivalent

Alternative correct values for kare & = ln[%g] or k= —ln(l%) or k=In7600 - In3200
3800 :

o k= -ln(—] or equivalent.
9025 ™

k =0.8649... without a correct exact equivalent 1s A0.

anything that rounds to 4400
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Solving Differential Equations

Question 7

’?Iﬁtt::x fl Scheme Marks
L
2 _ 4 . B
@ | PPy~ 27 @-2
2=A(P-2)+BP Can be implied. | M1
AT s s s s s BN ORE LAY
2k 1 1
gving P-2) P See notes. cao, aef | Al
131
g |
—=—P(P-2)cos2t
® e
2
P(P-2 = | cos2t df can be implied by later working | B1 oe
+Ailn(P-2)* ulnP,
1 A#0. u=0 i
W(P-2)-WP=sindt (+€) e SR 2t N
- In(P-2)-lnP=—_sindt | Al
{t=0,P=3>} m1-m3=0+c {= c=-I3 or ln@})} See notes | M1
In(P-2)-InP =%sin2r —1n3
( g
o X2=2 ] L g
G, S S A S A
Starting from an equation of the form
TAln(P- f)x ulnP == Ksindt + ¢,
3(P-2) _ et A1, B.K.6#0, applies a fully correct method to Mi
P eliminate their logarithms.
Must have a constant of integration that need
not be evaluated (see note) |
(P-2) = Pet™Y 3P _ 6 = Pet™¥ A complete method of rearranging to
— _— make P the subject. aM1
gives 3P-Pe’™" =6 > P(3-¢€ )=6 Must have a constant of integration
6 s @ cmad that need not be evaluated (seenote) [
- (3 — ety Correct proof. | Al * cso
........................................................................................................................ (71.
(c) {population = 4000 =} P=4 States P=4 or applies P=4 | M1
34-2) 3 Obtains +Asin2f =Inkor *Asinf =Ink,
5S 2t =ln( 2 — ) {= ln(;]} A#0.k>0where Aand kare numerical | M1
e B e B o SRR e s valuesand A canbel |
¢ = 04778700467 anything that rounds t_o 0473 At
...................................................................................... Donotapplysswhere |
(3]
13
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ﬁ Solving Differential Equations

gﬁ;::: Scheme Marks
Method2 for Q7(h)
5
(b) In(P-2)- lnP=;sm2t (+¢) As before for... | BIM1Al
(e-»\ 1..
lnl( ] =—sin2i+c¢
P 2
" Sstarting from an equation of the form |
*Aln(P- B) £ ulnP =+ Ksindtf +c.
(P-2) _ gl (P-2) _ PR A.;J.,B.Kﬁaep._appliesa_fullyc.oxrect 3 g
i P method to eliminate their logarithms.
Must have a constant of integration
_________________________________________________________________ that need not be evaluated (see note) |
(o Luinde Lum2e A complete method of rearranging to
P-2) = 4Pe P—A4Pes =2 i
St oL IO e e i e - make P the subject. Condone sign
@, o 2 slips or constant errors. Must have a | 4% dM1
= P(l1-4e*7")=2 > P= (1- Ae;:m.:,) constant of integration that need
__________________________________________________________________ ~..........motbe evaluated (seemote) |
2 See notes
{t=0.P=3>} 3= — L@, (Allocate this mark as the | 2% M1
______________________________ oA ) . MMimarkonePEN).|
T
2 g
............ e SN
>P=— T 2P=———o-1*
[1 leéﬂg,) (3= e:““") Correct proof. [ Al = ¢cso
Question Notes
2 A B
(a) M1 | Forming a correct identity. For example, 2= A(P-2)+ BP from ——— = —

= +
P(P-2) P (P-2)
Note | A and B are not referred to in question.
Al Eitherone of 4=-10or B=1.

1 1

Al P-2) ~p or any equivalent form This answer cannot be recovered from part (b).
Note | MI1AIA1 can also be given for a candidate who finds both 4 =—-1 and B=1 and % + (PB -

is seen in their working.

1 1
7 _,)—; . 50 as to gain all three marks.

Note | Equating coefficients from 2= A(P-2)+ BP gives A+B=2.-24=2=A4=-1 B=1

Note | Candidates can use ‘cover-up’ rule to write down
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Solving Differential Equations

®)

(e)

Bl Separates variables as shown on the Mark Scheme. dPand dt should be in the correct positions.
though this mark can be implied by later working. Ignore the integral signs.

2
Note | Eg: _[P::QP dP = ICOS% dt or ‘[P(P;-Zd = %J‘COSLV df o.e. are also fine for B1.

1M1 | £Aln(P-2)+ ulnP. A=0. 4=0. Alsoallow Aln(M(P-2))+ ulaNP: M.N canbe 1.
Note | Condone 2In(P-2)+2InP or 2In(P(P-2)) or 2In(P*-2P) or In(P*-2P)

1% Al | Correct result of In(P—2) — lnP=71)-sin21 or 2In(P-2)-2InP=sin2t

o.e. with or without +¢
2% M1 | Some evidence of using both =0 and P =3 in an integrated equation containing a constant of

“3N1 | Starting from an equation of the form + 2ln(P- f)  ulnP = = Ksindt +c. A u BK.5%0.
applies a fully correct method to eliminate their logarithms.

4B dependent on the third method mark being awarded.

A complete method of rearranging to make P the subject. Condone sign slips or constant errors.

Note | For the 3 M1 and 4® M1 marks. a candidate needs to have included a constant of integration,

=) =2 —lunlz
Note ln[ (PP ‘)J = %sin2r+ ¢ followed by (PT-) =e! +e is3¥MO0, 42 M0, 2% A0
)] -2 R =4, LRy
Note ln[(P—P')] = %sin2r+c - % = ey LP')= el +¢° is final MIMOAO

4% M1 for making P the subject
Note there are three type of manipulations here which are considered acceptable for making

P the subject.

-2 ind, n? =2 =2
(1) M1 for % = e B¥ 5 3P_2) = Pei™¥ 3P _6 = Pei™¥ = P3- ™) =6
O
(3— e%v'nh)

=2 in2 e sin2e
(2) M1 for % = e*"‘“=>3-% = e™¥ 5 3- ™ =

=P=

E == P =%
P B-e™)
(3) M1 for {ln(P- 2)+1nP =%sin2r +1In3 :} P(P-2)= 3¢ = p? _ 2P = 3™

= (P-1)* —1= 3¢ leading to P=..

M1 States P =4 or applies P=4
M1 Obtains = Asin2f =Ink or + . Asinf = Ink. where A and k are numerical values and /can be 1
Al | anything that rounds to 0.473. (Do not apply isw here)

::}'_qgg:_ Do not apply ignore subsequent sworking for A1. (Eg: 0.473 followed by 473 years is AQ.)

....................................................................................

Note | Use of P=4000: Without the mention of P=4, %Sin 2t=1n2.9985 or sin2f=21n2.9985
or sin2r=2.1912... will usually imply MOM1A0

B T T T T DT T T T T L T T T T TIPS

" Note | Useof Degrees: f=awrt 27.1 will usually smply MIM1A0O
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Solving Differential Equations

Question 8
I%::; g:rn Scheme Notes Marks
E-—*——x, xeR,x=20
di 2
@) ° 1 s Separates variables as shown dxand dr should not
Wav 1 J o= | -5 dt be in the wrong positions, though this mark can be | Bl
- ’ - implied by later working. Ienore the integral signs.
Integrates both sides to give either +2  +alnx M
- X .
Inx = -%t+c or tk — =X (withrespectto?); k.a =0
Inx = —%r +c. including "+¢" | Al
{t =0, x= 60=>} n60=c Finds their . and uses correct algebra
5 35, 60 to achieve y — 60e ZOf x — 6_3
Inx=-=r+In60= x=060e * or x=— :
2 e with no incorrect working seen | Al cso
[4]
(@ dz 2 J‘ 2 dr 2 J‘ 2
e —_—=— t=|—-—dx Either —=—-— or 7= |-—dx | Bl
Way 2 dx 5x o S5X I dx 5x S5x *
Integrates both sides to give Mi
2 either f=.. or talhpx.a=0.p>0
t=—-=Ilnx+c =
- {= -?hx +c, including "+¢" | Al
{r =0,x=60 :)} ¢ =%1n60 =t= _%m,\- + %ln60 Finds their cand uses correct algebra
- 5 ']
; s to achieve x = 60e ? of y = ﬂ
) ) ) —3f _v 3
= -51 == }_ﬁe__ o e?’ with no incorrect working seen Al cso
4
(a) "B T 3 L
Way 3 J‘w;dx = J.O—Edt Ignore limits | B1
Integrates both sides to give either +2  +alnyx M1
. x
(a7 = {_Er} or +k — =kt (withrespecttof); k. a =0
&0 2 3
= 0 :
[lnx], = [—%r] including the correct limits | Al
< 10
5 + . _60 :
Inx —In60 = -5t =>x= 60e ° or x=— Correct algebra leading to a correct result [ Al cso
- > e e-"
[4]
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Solving Differential Equations

Substitutes x = 20 into an equation in the form

of either x= T Je™* iﬁ orx = i,{e:utamx

® | 20= 606 or 20 =-2¢+1n60 Mi
- o TaglnSx=tmzpgort=xilndx* g.
a. A.ud+0and B canbe
g 2, (20) dependent on the previous M mark
B i TR Uses correct algebra to achieve an equation of the form of
{= 0.4394449 (davs)} either 1= Aln(%)or Aln(2) or Aln3 or Aln(%) o.e. or ami
Note: 7 must be greater than 0 t=A(n20 - In60) or 4(1n60 —1n20) oe.(de- .1>0)
=1=632.8006... = 633(to the nearest minute) | awrt 633 or 10 hours and awrt 33 minutes | Al cso
Note: dM1 can be implied by 7= awrt 0.44 from no incorrect working.
7
Question i
Niitibes Scheme Notes Marks
E=—-2,1c, xeR, x=0
dt 2
() 2 Separates variables as shown. drand df should not
Wav 4 .[5— dx = ‘J dr be in the wrong positions. though this mark can be | Bl
& % implied by later working. Ignore the integral signs.
Integrates both sides to give either +o ln(px) Mi
X or =k — ikt (withrespecttof): k.a=0: p>0
—In(5x)= -t +c¢ =
2 SIn(5x) = —1 +c. including "¢" | Al
=
{t=0.x=60=} Zm300=c
2 £ Finds their ¢ and uses correct algebra
2 2 = : 3
%ln(Sx)= —!+§1n300 = x=060e - or to achieve x = 60e 2 or X=2:i
60 with no incorrect working seen | Al cso
X=—7
o
[4]
a dt * S = il X
W(m)' 5 {E s : = Lj—gdl Ignore limits | Bl
Integrates both sides to give either =k — /7
9 ¥ (with respect to ) or +2 54 alnx: k.a=0 i
b= [——ln X x
J60 ) 2
r= [—élnx] including the correct limits | Al
&0
2 2 5
t=——Inx+—-In60 = ——7=Inx—-1n60
5 5 2
= 60 :
=x=060e * or xX= = Correct algebra leading to a correct result | Al cso
el Tt Z
[4]
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ﬁ Solving Differential Equations

Question Notes

1 1
(a) Bl | For the correct separation of variables. E.g. j; dx = J - dt

5 2
Note | BI can be implied by seeing either Inx = —-:-t +C or f= --‘Sllnx + ¢ with or without +¢

x T §
Note | B1 can also be implied by seeing [Inx], = [--;t]

0

= 60 ) .
Note | Allow Al for x=60ve™ or x= ﬁ with no incorrect working seen
14
5

Z 3, 28
Note | Give final AOfor x=e > +60 — x=60e 2

<

Note | Give final A0 for writing x = e > " as their final answer (without seeing x = 60e =)

Note | Way 1 to Way 5 do not exhaust all the different methods that candidates can give.

Note | Give BOMOAOAOQ for writing down x = 60e T Of x = .9:0’_ with no evidence of working or integration

e-
seen.

(b) Al | You can apply cso for the work only seen in part (b).

Note | Give dM1(Implied) A1 for %t = In3 followed by = awrt 633 from no incorrect working.

Note | Substitutes x=40 into their equation from part (a) is MOdMOAQ
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Solving Differential Equations

Question 9
S Scheme Notes Marks
dh  cm— dh
=ky(h-9), 9<h=<200; h=130, =-11
ds ds
f Substitutes # = 130 and either % =-11 or ﬂ =11
(@) -L1=k((130-9) = k= .. dr dt M1
into the printed equation and rearranges to give k — ...
S0, k=—lor -0.1 k=—lor -0.1 [ Al
10 10
[2]
®) Separates the variables correctly. (4 and (I should not be in
the wrong positions, although this mark can be implied by | Bl
7
Wayl V(h -9) later working. Ignore the integral signs.
j(h—9)'5 dh = Ikdt
Integrates = % give tyu l'-(h—‘))' A0 M1
2 h-9) e
(h-9)? n ]
=kt —0)? bk 9): :
(%) (+ C) (k(l?) =kt or ( {—l)l (therr k)i ,with/without + ., Al
2 2,

or equivalent, which can be un-simplified or simplified.

{r=0,n=200=} 2200~ 9) = k(0) + ¢

Some evidence of applying both
t =0 and A= 200 to changed equation

containing a constant of integration, e.g. ¢ or 4

le

= ¢ = 23191 = 27 -9)F =

—-0.1t + 24191

{h=50:} 2,J(50-9) =—0.1¢ + 24101

dependent on the previous M mark
Applies i =50 and their value of ¢ to

their changed equation and rearranges

N

t= .. to find the value of 1 = ...
t = 20191 - 20441 t= 204191 - 20441 isw | 5,

or f=1483430145... = 148 (minutes) (nearest minute) or awrt 148
[6]
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Solving Differential Equations

®) 4 T Separates the variables correctly. ¢4 and (J7 should not be
Way 2 I = J' k dt in the wrong positions, although this mark can be implied | Bl
¥ 200y/(7-9) 0 by later working. Integral signs and limits not necessary.
50 1 T
(h=9) 2dh= I k dt
200 0
Integrates ——2— to give +u\(h-9): A, ##0
egrates ogive tu\(h-9), A u+
L7 er ) a £y P M1
| -] h—9)} ho 9y
(3) ’ ( — = kt L4 (their k)i, with/without limits, | , ,
@ (1)
or equivalent, which can be un-simplified or simplified.
— Attempts to apply limits of A= 200, A= 150
241 -2\191= Kt or kT and (can be implied) 7 = Oto their changed equation | M1 j
fm 241 - 2./101 dependent on the previous M mark _J
- -0.1 Then rearranges to find the value of 7 = dMl
t = 20191 - 2031 t = 20191 - 20V41 or awrt 148 |\, o
or t=1483430145._. = 148 (minutes) (nearest minute) or 2 hours and awrt 28 minutes
[6]
8

Question Notes

1 s 1 .
or equivalent

®)

Note | Allow first B1 for writing L =— or - -
dh k\j(h-9) dh  (their k)./(h—9)

ds

A
leading to f = p (A -9) (+ ¢) with/without + ¢ is BIM1Al

Note
B sy Jh-9) orJ. ok _I-k(u i Loz

Note ‘
After finding & = (.1 1in part (a), it is only possible to gain full marks in part (b) by initially writing

. 1A
0.1y(h-9) or J' —— I-n.uu

ds
Otherwise, those candidates who find & = ().1 in part (a), should lose at least the final A1 mark in

part (b).
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