7.2 Answers

A-Level Pure Mathematics: Year 2
Differential Equationsl|

Answer 1
. dy X
(1) dx
dy . .
ol —X  separating the variables

integrate both sides with respecixto

Jydy:—J.xdx

N
2 2
y2 +x% =r?  for some constant,
[ 3marks]
(i) As y=6 whenx=2.5
y2 +x° = 65 isthe particular solution
[ 1mark ]

(iii)  The relevant circle is highlighted in gold.

[ 1mark ]



Answer 2

dQ _ 3
dx  y cos?x
Separate the variables...
@ __3

Y ax T cox

Integrate both sides with respecixto

fydy = 3_[ sec? x dx

ﬁ = 3tanx + C
2
Using the fact that whenp = 2, x = %
2=3+c>c=-1
ﬁ = 3tanx - 1
2
y2 = 6tanx — 2

[ 5marks]



Answer 3
3 dv 2

= — =4nr

(a) The volume of a sphere is given by, = % Tr ar

o _dr v
dt dv dt

1 : :
= —> X (-0 as toldV is decreasing at a constant rate

4ar
k . iy
=-Z wherek is a positive constant
[ 3marks]
o dr . .
(b) r pril -k separating the variables
f r2dr = —k fldt integrating both sides with respectto
3
Do k+ec
3
Whent = O,r = 40, soc = 40° = 64000
3 3
Whent = 5 r = 20,
20° _ g, 54000
3 3
5 = 56000 o k= 11200
3 3
r® _ 11200 64000
3 3 3

r3 = — 11200t + 64000

[ 5marks]

(c) From the fact that “the volume of the balloon continues to decrease at a
constant rate until the balloon is empty” we need to work out what value
of t corresponds to the radius being zero.

0% = —11200t + 64000

64000
11200
40

- (About 5.71 seconds)

[ 2marks]



Answer 4

1 1 1
(a) [ (ay+3)y2dy=— [a(ay+3) 2% dy
1 1
=7 X 2(4y + 3)? +k
1 1
=E(4y+ 3)2 +k
[ 2marks]
dx X2
_1 dy ) . .
(4y + 3) 2 O = X separating the variables
1
j(4y+ 3) 2dy = jx‘zdx integrating both sides with respectxto
1 1 -1
?(4y+3)2 = —-X ~+ ¢ from part (a)
1
%(9)2=%+c:>c:
1 1 1
— (4 3)2 = 1 - —
> (4y+3) .
2
1
4 3:4(1——)
y + X
2 1
4 3:4(1—— —)
y + 2
8 4
4y =4—- — + — -3
y x T3
1 2 1
Y=—F T+

[ 6 marks]
Answer 5
5 A B
[(x=1)(3+2)]  (x-1) * (3 + 2)
Multiply through by the red bracket
5[...] AL BI[..]

[(x=1)(3x+2)] (X_1)+ (3X + 2)

5=A(3X+2)+B(x-1)
Lletx =1 :5=A05 © A=1
Letx =0 :5=2-B< B=-3

5 1 3

(X=-1)(3X+ 2) x—-1 X+ 2

[ 3marks]



5 1 3
(b) f(X—l)(3x+2) dx fx_ldx—fsx+2dx,x>1

In(x —1) - In(3 + 2)+ ¢
[ 3marks]

dy
(c) (x—l)(3x+2)&_5y

1dy > separating the variables
y dx  (Xx—-1)(3x+2) P g )
fiﬂdx:f > dx
y dx (Xx=—1)(3x+ 2)
1 5
— dv = d
J‘y y J‘(x—l)(3x+2) X
Inly| = In|]x - 1| = In|3x + 2| + ¢
In|y|:In|X_1‘+c
X+ 2
|y|:B(X_1) forBe R, B> 0andx > 1
33X + 2
_Ax=1) forAe R, x> 1
(X + 2)
Making use of the fact that = 8 at x = 2 yields,
g= X1 o A-64
8
64(x — 1)
= ———  f 1
y (3% 2) or x >

[ 6 marks]
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