dx

1 () P ~1(1+e")?.—¢" M1 chain rule
o Al
e
T (l+et)?
1-x=1- 1t
1+e
- _l+e'-1_ e M1 substituting for x(1 — )
1+e' 1+€" -t -t
* ; Al 1_X:1+e - 1: e _
X(1-x) = 1 e __ ¢ l+e'  1+€"
= l+e'1+e' (1+e')?
dx [OR,M1 A1 for solving
=N sz(l—x) El differential equation for t, B1
1 use of initial condition, M1
Whent =0, x=1 =05 B1 A1 making x the subject, E1
+€ 6] required form]
(ii) 13
== M1
(1+e') 4
= €'=13 M1 correct log rules
= t=-n1/3=110years Al
[3]
(iii) 1 _A B, C
2 2
x“(1-x) x° x 1-X
= 1 =A1-x)+Bx(1-x)+Cx M1 clearing fractions
Xx=0=>A=1 M1 substituting or equating
coeffsfor A,Bor C
x=1=C=1 B(2,1,0)| A=1,B=1 C=1www
coefftof X¥: 0=-B+C=B=1 [4]
(iv) 9% gx=[dt ing vari
sz(l_x) X j M1 separating variables
1 1 1
t=|(+=—+—)dx Bl “Ux+ ...
= JGe X 1- B1 Inx —In(1 —x) ft their A,B,C
=-1x+Inx—In(1-x)+c substituting initial conditions
Whent=0,x=%=0=-2+InY%-In%+c | M1
= Cc=2
= t=-Ux+Inx-In1l-x)+2 E1l
x 1
=2+In—-=*
1-x X (9]
(V) t=2+in—4 _ 1 _h3i2i177vs
1-3/4 3/4 3 Y ['\g]lAl
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2(i) (A) 9/1.5=6 hours Bl
(B) 1 /1.5=12 hours Bl
[2
. do
(i) —=-k(6-9
= k©-8)
de . .
= — = I —kdt M1 separating variables
06, Al In(@-6,)
=  In(0-6,)=-kt+c Al kt+c
_ A—kt+c
0-0,=¢ M1 anti-logging correctly(with c)
0=0,+Ae ™™ El _.c
0 [5] A=e
(iii) 98 = 50 + Ae’ M1
= A=48 Al
- do
Initially P —k(98—-50) =48k =-1.5 M1
El
=  k=0.03125*
[4]
(iv) (A) 89 =50+ 4870 %1% M1 equating
—  30/48 = g0 03125 M1 taking Ins correctly for either
= t=1In(39/48)/(-0.03125) = 6.64 hours Al
(B) 80 =50+ 48 M1
= 30/ =g Al
=  t=1In(30/48)/(-0.03125) = 15 hours
[5]
(v) Models disagree more for greater temperature loss | B1
[1]
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3(@)x=a(l+kt)*

= dx/dt =—ka(l +kt)? M1 Chain rule (or quotient rule)
Al
= —ka(x/a)? Substitution for x
= —kx’/a * El
[3]
OR kt=a/x - 1, t= a/kx — 1/k M1
dt/dx= -a/kx? Al
= dx/dt= -kx?/a El
[3]
(i) Whent=0,x=a=a=25 B1 a=25
Whent=1,x=16=16=25/(1+ | M1
k)
= 1+k=1.5625 Al
= k=0.5625 [3]
(iii) Inthe long term,x — 0 B1 or, for example, they die out.
[1]
(iv) 1 _ 1 :é+ B _ _
2y-y? yd-y) y 2-y M1 partial fractions
= 1=A(2-y)+By
y=0=2A=1=A=Y% M1 evaluating constants by substituting
y=2=1=2B=B=% Al values, equating coefficients or
- 1 1 1 Al cover-up
=—+
2y-y* 2y 2(2-y)
[4]
V) I 1 ave jdt M1 Separating variables
2y-y
= [l ldy = [t _
2y 2(2-y) Blft | %Iny-%In(2-y) fttheir AB
= YIhhy-%In2-y)=t+c
Whent=0,y=1=0-0=0+c=c=0
= Iny-In2-y)=2t Al evaluating the constant
= Y i
In 2y 2t E1
Y e . .
2-y M1 Anti-logging
= y=2e"-ye”
= y+ye*=2¢" _
= y(L+e?) =2 DM1 | Isolatingy
2t
RS 1iee21 - 1+i*2‘ ) El
[7]
(Vi) Ast>oe? 5> 0=y —2
So long term population is 2000 Bl ory=2
[1]
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4G0)  coso=2 sing=2Y
k k
cos’@+sin’ =1
WV 2y )2 M1 Used
MGRGE
k k M1 substitution
x> 4y?
= F‘f’ k2 =1
= X H4yP=KE*
El
[3]
(i) 2 ksing, ¥ = Lycoso
dg do 2 M1
1
ﬂ_dy/de__gkcose Al
dx dx/d®  ksind
=-Y%cot @
X 2kcosd 1 dy
=2 _Ceotf=—2
Ay A2 e | S R
or, by differentiating implicitly
2x + 8y dy/dx =0 M1 Al
= dy/dx =-2x/8y = —x/4y* El
[3]
(i) k=2 B1
[1]
(iv) y B1 1 correct curve —shape and position
k= B1 2 or more curves correct shape- in concentric
form
Bl all 3 curves correct
[3]
k=4
(v) grad of stream path = —1/grad of contour M1
= dy 1Ay
dx (=x/4y) x El
[2]
o dy 4y dy 4dx M1 Separating variables
vi) 2 _ Y oy _oox
( )dX_X:Iy_'[ X Al |ny=4|nX(+C)
- — | alyd M1 antilogging correctly (at any stage)
z In:yAXff Ivr\],ﬁ(e:ecA zlgce X M1 substituting x =2,y =1
y ’ Al evaluating a correct constant
Whenx=221y=1:>1=16A:>A=1/16 E1 WWW
= y=x/16* [6]
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