1(@) (i) Proc= 527 = 2 B1
Prin= _2_ =2/3 B1
2+1 [2]
.. 2 - -1
(i) p= — =2(2-sint)
2-sint
dp L, .
= —=-2(2-sint)“.—cost M1 chain rule
dt B1 ~1(...) 2 soi
— 2cost Al
(2-sint)? (or quotient rule M1,numerator
1., 1 Al,denominator Al)
EP COSIZEﬁCOSt DM1
(2-sint) attempt to verify
- 2cost _dP E1l
(2-sint)>  dt [5]
or by integration as in (b)(ii)
b _Lt _A, B N
PP-1) P 2P-1 M1 correct partial fractions
— A(2P-1)+BP
P(2P-1) - .
M1 substituting values, equating coeffs or cover u
= 1=AQP-1)+BP rule : Auating P
P=0=1=-A =>A=-1 Al A=-1
P=%=1=A0+%B =B=2 Al B=2
5o 1 1.2
_—— e ——
P2P-1) P 2P-1 [4]
i) P _12p_p?)cost
dt 2
= ! dpzjlcostdt M1 separating variables
2P? P 2
2 1 1
= —————)dP = | =costdt
j(2F>—1 P) I2
= In2P-1)-InP=%sint+c Al In(2P — 1) —In P ft their A,B from (i)
Whent=0,P=1 Al Y2 sint
= Inl-Inl=%sin0+c=c=0 Bl finding constant =0
2P-1, 1.  « El
= In(———) ==sint
=3 [5]
(i) Ppax= 1+ _ =2.847
2_gll2 M1A1 WwWw
Prin =~ =0.718 MIAL | www
2—e
[4]
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2()) Whent=0,v=5(1-¢%=0 E1
Ast >, e 50,= v-o>5 E1l
Whent=05,v=316ms™ B1
(3]
(i) ((;—\t/=5><(—2)e’2t=10e’Zt B1
oy =10_ _ a2ty = -2t
1dOV 2v=10-10(1-¢e) =10e M1
= —=10-2v El
dt [3]
(i) Y _10-0.4v?
dt
10 dv
:> ——:1
100-4v* dt M1
o 1o dv
25-v* dt
= Ld_\’:y*
(5-v)(5+v) dt El
10 A N B
5-v)(5+v) 5-v 5+v
= 10 =AG+Vv)+B5-v) M1
v=5=10=10A=>A=1
v=-5=10=10B=>B=1 Al for both A=1,B=1
10 1 . 1
5-v)(5+v) 5-v 5+v
= J' (LJFL)dV =4 J' dt M1 separating variables correctly and
5-v 5+v indicating integration
= ING+Vv)—In(5-v)=4t+c Al ft their A,B, condone absence of ¢
Wwhent=0,v=0,=0=4x0+c=c=0 Al ;gmding ¢ from an expression of correct
= |n[5ﬂJ:4t
5-v
= t:lm Sﬂ * E1
4 \5-v
(8l
(iv) Whent—ow,e*—>0,= v—>5/1=5
_a2 El
whent=0.5, t:—5(1 %2 ) =3.8ms™ M1A1
l+e
[3]
(v)  The first model El WWW
(1]
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3(@)x=a(l+k)*

= dx/dt =—ka(l +kt)? M1 Chain rule (or quotient rule)
Al
= —ka(x/a)? Substitution for x
= —kxfa * El
[3]
OR kt=a/x -1, t=alkx — 1/k M1
dt/dx= -a/kx? Al
= dx/dt= -kx?/a El
3]
(i) Whent=0,x=a=a=25 Bl a=25
Whent=1,x=16=16=25/(1+ | M1
k)
= 1+k=15625 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=A2-y)+By
y=0=>2A=1=A=% M1 evaluating constants by substituting
y=2=1=2B=B=% Al values, equating coefficients or
1 1 1 Al cover-up
Ty 2yt ey
2y-y y -y
[4]
(V) I 1 dy =jdt M1 Separating variables
2y-y?
= [l —ldy = [t _
2y 2(2-y) B1lft |%Iny-%In(2-y) fttheir AB
= YIhy-%In2-y)=t+c
Whent=0,y=1=0-0=0+c=c=0
= Iny-In2-y)=2t Al evaluating the constant
= Y _x*
In 2y 2t E1
Y _e
2-y M1 Anti-logging
= y - 2e2t _ yeZt
= y + ye2t = 2e2l )
= y(L+e?) =2 DM1 | Isolatingy
2t
RO 12+ee2‘ B 1+rfa*2t i El
[7]
(Vi) Astsoe? 5 0=y -2
So long term population is 2000 Bl ory=2
[1]
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