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SEC HL Sample Q3(a)

(a) A particle has initial displacement s, from a fixed point P. It moves away from P with initial
. . d d?
velocity u and constant acceleration a = d—: = d_rj

Use calculus to derive an expression for s, the displacement of the particle from P at any

time (.
v _ ds
ac =@ V=
= 1.dv=a.dt (Multiply by dt) 95
= [1.dv = [a.dt TR .
s v=at+C = ds = (u+at).dt  (Multiply by dt)
v=uwhent =0 (Initial conditions) > [1ds = f(:: +at).dt
Du=a(0)+C Ds=ut+a;+C
Du=C_C s =sowhent =0 (Initial conditions)
Sv=at+tu :>5‘D=u(0)+a$+c
Dv=u+at =59 =C
=D s= ut+a§+so

2024 Q6(b)

v2

v.dv=e%.ds
vz
:>%_ dv = 1.ds (Dividing both sides by e™)
o T
v2 ?

=ve +.dv=1.ds (Using law of indices to bring e above the line)

2

= [e™.2.du=[1ds Substitution: Let u = DT

=> 2e U=54+C :>du=?.dv

2 > v.dv=2.du
=> -2 ¢+ =5+C

Initial conditions: v = 0 when s = 0:

_0?
2¢Td =(0)+C
= C=-2



Subbing C back into integral:

(i)

=> —2¢ 1 =5—-2

L 2-s

= e 4 =
2

2
=>——=ln(225)
=> —p2 = 4In(2=)
= vi=—4 ln(%)
—y 1,2 2
=V =4ln(T)
U= 4ln(2is)

(Dividing both sides by —2)

(Taking In of both sides )

(Using law of logs —logh = log%)

Calculate the velocity of the particle when s = 0.3 m.

= [4In(

v

2
2-03

= Jam(E

) =+v0.650075 = 0.806 m/s




2023 Deferred Q4

(i)

Solve this simplified differential equation to find an expression for P in terms of t.

(ii)

E =rP

=>dP = 0.08P.dt (Multiplying both sides by dt)
:>%.dP = 0.08.dt (Dividing both sides by P)

- 1 J—

= [ 5.dP = [0.08.dt

=>InP =0.08t+C

Initial conditions: P = 20 when t = 0:

In20 = (0.08)(0) + C

=> ¢ = In(20)

=>InP = 0.08t + In(20) (Subbing C back into integral)
=> InP — In(20) = 0.08t

— P p—

= lnﬁ = 0.08t

- P _ o008 - i
= — = 008 (Taking e of both sides)

=> P = 2080.0317

Calculate P to the nearest whole number when t = 12 weeks.

P = 20e%08¢

=> P = 20e%98(12) = 52 23 = 52 weeks

(iii)

Explain why this approximation of Verhulst’s model is not practical for predicting the
long-term behaviour of the population of insects.

The population P = 20”8 will keep increasing as time goes on (as t — ). It said above
that the model was based on P being small relative to K, but if P keeps increasing, P will
not stay small relative to K.




(iv) Solve the differential equation for Verhulst’s model:

to find an expression that relates P, K and t.

Note that

1 21(3+;),
ylx-y) x\y x-y

dP—OOSPl r
= 0.08P(1 - )

dt

=>dP = 0.08P (1 — g).dt (Multiplying both sides by dt)
=>p(+_§). dP = 0.08.dt (Dividing both sides by P(1 —%))
—>ﬁ.dP = 0.08.dt (Multiplying above and below by K )

Using the result given in the question above:

K _ _gifi,_* (=1 1
P(K—P)_H'K(P+K—P) P T x—p
=> (2 +——).dP = 0.08.dt
- (P K—P)' T

= [(5+—=).dP = [0.08.dt
= InP +In(K — P) (—1) = 0.08t + C
= InP —In(K — P) = 0.08t + C

= ln% =0.08t+C (Using Law of Logs: Ina —Inb =1Inz)
Initial conditions: P = 20 when t = 0:

20
In——5 = (0.08)(0) + C

K — 2
e 20
= C=In (K—ZD)
=> In——=0.08t + In (K 2_020) (Subbing C back into integral)
_ P\ 20\ _
= In (K - P) In (K - zo) 0.08t
_y 1 P(K-20) _
= InJ > = 0.08t
-y P(K—20) _ o.08t
"7 20(K-P)

=> PK — 20P = (20K — 20P)e"08¢
=> PK — 20P = 20K e8¢ — 20pe®08¢
=> PK — 20P + 20Pe®98t = 20K 08¢

=> P(K — 20 + 20e°%08%) = 20K 08¢

20Ke0-08t

=>pP = —
K — 20 + 20908t



