EXERCISES [MAI 2.15-2.16]
POWER AND EXPONENTIAL MODELS

SOLUTIONS
A. Paper 1 questions (SHORT)
1. (a)
y =0.2x y is proportional to X
y = 3.7x2 y is proportional to the square of x
y = 2.15/ x y isinversely proportional to X
y = 1/(3)(2) y isinversely proportional to the square of X
(b)
P =kQ P is proportional to Q
P= kQ3 P is proportional to the cube of Q
P? =kQ?® The square of P is proportional to the cube of Q
PQ? =k P isinversely proportional to the square of Q
2. (@) The distance travelled is proportional to the square of the time.
(b)  If g remains constant: the force is proportional to the mass.
If m remains constant: the force is proportional to the acceleration.
If F remains constant: the mass is inversely proportional to the acceleration.
k
3. = 17
S=10 when T =0.2: 10:%:>k:0,4.
Hence, S = 0_4
T 2
4, (@ P=ax": 10=ax1"=a=10,

80=ax2"=80=10x2"=2"=8=n=3
Hence P =10x3
() P=10x15°= P=33.75
© 20=10xC=>x=2=x=42
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P=aQ": l2=ax2" (1
48=ax4" (2
4 _ 4.8 - n—- =
Divide (2) by (1): 0 1.2 2 4
(1) gives 1.2 =ax2’° = a=0.3
Hence, P = 0.3Q?2
27=03Q02=Q-=3
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(1) and (2) give: 4" =8x2" = 2"=8=n=3

(1) gives a =8x2% = a =64
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(i) Q=41

0.001=__ = Q =40 (or by GDC graph)
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(b) 20=10e* < e* =2<=2k=In2 & k=

— =0.347
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(C) P = 10e0.347t
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(d)  GDC-regression gives the same result P =10g%34"
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(@ Pye* =10 and P062k =20

20

eZk = Pt =

® " Te 2ok=In2 (=0693)
Poet 10

Hence 2P =10 & Py =5

Divide the two relations:

(b) P =5""" [OR P =5e"2 =5x2']
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) 30=5x2'=2'=6=>t =E = 2.58496...= 2.58 . Hence t = 2.58

In2 '
(d) GDC-regression gives the same result: P =5g%6% or P =5x 2t
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(@ Poe+c=20, Pye% +c=30, Pye3* +c=50
(b) 215 Pye? —Pyek =10
(c) 392 Pye* —Ppe® =20
(d) Divide the two relations:
Poe® —Pee® 20 - Pe? (e -1) . « k=

P eX — P ef 10 Pek(ek _1) 2 e 2 . Hence k=In2.
0 0 0

Part (b) gives: Pye? —Pyek =10 = 4Py — 2P, =10 = 2P, =10 = P, =5
Pek+c=20=10+c=20=¢c=10
€ P =5eM2t 410
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PogX +¢ =75.50, Pge? +c=63.63, Pe* +c=53.90
2nd - :I.St P0e2k - Poek = _1187

3d—2nd: Poe —Pye =-9.73

Divide the two relations:

P.e* —Pe® —9.73  Pje(ek -1) )
Pex—pe T 1187 = —P_R_(_R_IT— =0.81971 < e* = 0.81971
0 0 0e €

k =0.19880, so k =-0.2 to 1dp
Poe® — Pyek =-11.87 = Pye %4 — Pye~%? =-11.87
= PO :80

Poe ™2 + ¢ =75.50 =80e %2 + ¢ = 75.50 = 80e %2 + ¢ = 75.50
=c=10

P = 80e(2 110

N =10
Att=2,N=10e"®
N =22.3(3sf) Number of leopards = 22

If N = 100, then solve 100 = 10e%4
10 = e%* hence In10 = 0.4t
= In_lf ~5.76 years (3 sf)

Iné
t=— (=1.73 years
0.4 ( years)

t

p=100e® =100

200 = 100e0%5t. 50 2 = g0-0%t
In2 = 0.05t
t=1n2/0.05=13.9
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Initial mass =t =0, mass =4

1.5=4e02 (0r0.375=e%%=In0.375=-0.2t)
t =4.90 hours
When m = 2 (half of the initial value)

_ In0.5

t 5 = 3.47 hours OR directly by GDC = 3.47 hours

£ S
1 -->\g‘h
l|||l|.hm'"""""ﬂ-n-...t.
s 8§ 10 12 1%

10 000e™ %3t = 1500
Taking logarithms - 0.3tIne=1In0.15

1n0.15
~03

t =6.32 7 (years) (or directly by GDC SolveN or Graph)
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1=(1/e)e,soe=e%*so5k=1 so k=0.2

100= 2oz (=IO og0)
e 0.2
See graph on GDC)

LINEAR: P =37.1Q —76.6
POWER: P =1.01Q*%®
QUADRATIC: P =10.6Q?% —38.2Q + 41.65

EXPONENTIAL: P =1.48e"°? OR P =1.48x2.46°
Although the quadratic model is closer to the points (so it could also be a choice) the
power model looks better since we know that P is an increasing function of Q.



B. Paper 2 questions (LONG)
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() 2420
(i) 1420 +100n>2000 = n>5.8
1999 (accept 6™ year or n = 6)
(i) 1200000(1.025)=1536101 (accept 1540 000 or 1.54(million))

1536 101-1 200 000 «
1200000

(ii) 100 28.0% (accept 28.3% from 1 540 000)
(iii) 1200 000(1.025)" >2 000 000 (accept an equation)

EITHER directly by GDC n>20.69 n=21

OR n log 1.025 > log kz

1.2
2014 (accept 21% year or n = 21)

1200 000
1420

J:> n> 20.69

0) =845
1200 000(1.025)"

i
a 1420 +100n

<600 =>n>14.197 15years

V(5) = 10000 x (0.933%) =7069.8 ... = 7070 (3 sf)
We want t when V = 5000

5000 =10000 x (0.933)! =9.9949 =t

After 10 minutes 0 seconds, to nearest second (or 600 seconds).
0.05=0.933" = t=43.197 minutes ~ 3/4 hour

(i) 10000 - 10000(0.933)%%1 = 0.693

(i) Initial flowrate = 4V _ 0693 =693 =690 (25)
dt  0.001

OR Later on we may use derivatives to find this rate: dl = 690 (when t = 0)



