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secx—+ysecxtanx e’

\( Field Code Changed

ted [A2]: Amended

A Iejmmdx —secx‘
l
I

Jsecx=¢e"+k

\( Field Code Changed

Jy=e'cosx+kcosx

/{ Field Code Changed

/{ Field Code Changed

b atx=m,y=1
Le'cosm+kcosm=1

/{ Field Code Changed

k= 1—-e"cosm / Field Code Changed
.\ COST

k= —(1 + e") /{ Field Code Changed
‘Therefore:
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e -3¢ y=sinx

le’“y = _[e’“ sin x dx‘

\{ Field Code Changed

Commented [A4]: Amended

Field Code Changed
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Ie’“ sinx dx=—e™* cosx—J‘3e’3* cosx dx
—3x —3x _: —3x
=—€ cosx—S[—e smx—J.Se s1nx}
=—e*cosx—3e sinx —9_[ e sinx dx
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Field Code Changed

N
Ie’“ sinx dx=—e" cosx—3e>"sinx— 9_[ e sinx dx

J.e%x sin x dx = _%e’“ (3sinx+COSX)

Field Code Changed

y=—%e’“(3sinx+cosx)+A

Field Code Changed

y :—%(3sinx+cosx)+Ae3X

A

Field Code Changed

Atx=0,y=0
_i +4=0 Field Code Changed
. 10
A= i Field Code Changed
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1 Field Code Changed
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_[ 1 dy :.[xdx Field Code Changed
JA4-y
1 _ 1 Field Code Changed
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1 A B Field Code Changed

= +
A(27y)(2+y) 2-y 24y

A1:/1(2+y)+B(2—y)

Field Code Changed

When y =2
44 =1
4=t

4

Field Code Changed
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4B=1
B=L

4

Field Code Changed
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1 1 1

(2-0)(2+y) 4(2-v) Ta2vy)

Field Code Changed
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Field Code Changed
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o

ln[eryj:ZxZ +c

Field Code Changed

N

2-y
2+y — ot Field Code Changed
2-y
— eZ.rZ ec
— AeZ)cz
Let u = de** | Fietd code Changed
24y _ Field Code Changed
2y
A2 +y=u (2 - y) /{ Field Code Changed
2+ty=2u-w __—{ Field Code Changed
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2 ( A - 1) Field Code Changed
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A Field Code Ch d
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2 (3e2-“2 _ 1) Field Code Changed
Y
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L udx dx Field Code Changed
g Am+1=0 /{ Field Code Changed
_—1£1-4 Field Code Changed
2
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2
L3,
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(B (B
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/ Field Code Changed

2
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M =12m+36=0

/{ Field Code Changed

A(m76)(m76):0

/{ Field Code Changed

(D, U, G S |

m=6
y=(4+Bx)e™

/{ Field Code Changed

‘ 6 dziy_ dl _0 A Formatted: Not Highlight
. AdX2 dx Field Code Changed
Am2 —-4m=0 /{ Field Code Changed
R (m - 4) =0 /{ Field Code Changed

m=0orm=4

= A+ Be™

/{ Field Code Changed
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m k=0 __—{ Field Code Changed
= —{cz /{ Field Code Changed
Jn= thi - /{ Field Code Changed
y = Acoskx+ Bsin kx
Ad ,/{ Field Code Changed
I = —kAsin kx + kB cos kx Field Code Changed

Field Code Changed

NN

A=
kB =
B-1

k

/{ Field Code Changed

Field Code Changed

__J ) o A A U L )

y:coskx+%sinkx

/ Field Code Changed

o )

A

" di}z}— dl+10y _o F?rmatted: Not Highlight
. .dx dx Field Code Changed
M =2m+10=0 /{ Field Code Changed
- 2++/4-40 Field Code Changed
2
_2++/-36
)
L =1£3i
U= e’ (A cos3x+ Bsin 3x) /{ Field Code Changed
% =¢"(Acos3x+ Bsin3x)+e" (—34sin3x+3Bcos3x) / Field Code Changed

Whenx =0,y =0 and d—y:
dx

A

3

Field Code Changed

A=0

/{ Field Code Changed

A+3B=3

B=1
y=¢'sin3x

/{ Field Code Changed

/{ Field Code Changed

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free.



INTERNATIONAL A LEVEL

Further Pure Maths 2 Solution Bank @ pearson

d’ d x Formatted: Not Highlight
9 a —);—4—y+13y:e2' )
. R dx Field Code Changed

Let y = ke™ | Field code Changed

d )

LA 2ke™ Field Code Changed

Jdx

d’ ¥ Field Code Changed

;)2} = 4kez

Substituting into (1) gives:
4he™ —4(4ke™) +13ke™ = ™|

///’{ Commented [A6]: Amended

k=1| ‘

\( Field Code Changed

Hence the particular integral is le“\

\{ Commented [A7]: Amended

T

b m*—4m+13=0

_ Field Code Changed

_{ commented [A8): Amended

. 4+.(-4)" —4(1)(13)

2
4436

2
=243i

Field Code Changed
Field Code Changed

Field Code Changed

o0 0 0 I A

Therefore the complementary function is:
y=¢"(Acos3x+Bsin3x)

/{ Field Code Changed

And the general solution is:

b

//{ Commented [A9]: Amended

¥ =e** (Acos3x+ Bsin3x)+e’
[

\
J

10 d—);fy=4ex )

\( Field Code Changed

Formatted: Not Highlight
Field Code Changed

Let y = Axe’

/{ Field Code Changed

Y = Axe* + Ae*
dx

A

Field Code Changed

2

Y prer +24e"

- =

Field Code Changed

o J W A JU A )

NN

Substituting into (1) gives:
Axe" +24e" — Axe” =4e”

/{ Field Code Changed

24=4
A=2
Hence the particular integral is 2xe”

/{ Field Code Changed

M =1=0

m==l
Therefore the complementary function is:
Jy=A4e" +Be”"

| Field Code Changed

And the general solution is:
Jy=4e" +Be " +2xe

| A

///{ Formatted: Not Highlight
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y ly 2x
11a —4—=—+4y=4e 1

A

/[ Field Code Changed

m—4m+4=0

/{ Field Code Changed

A(m—2)(m—2)=0

| Field code Changed

m=2
Therefore the complementary function is:
y=(4+Bx)e’

/{ Field Code Changed

b Let y=Ae”

/{ Field Code Changed

dl =2e* / Field Code Changed
A

d’y 4 Field Code Changed
Jdx’

Substituting into (1) gives:
47e™ —81e™ +44e™ =4e™

A

/{ Field Code Changed

0=4¢>

This is not possible, therefore Ae™ cannot be the particular integral.

| Field Code Changed

/{ Field Code Changed

Let y= Axe™

_—{ Field Code Changed

& 2axe™ + >

A

/ Field Code Changed

2

(cibci); =4 xe™ +24e* +21e™

R =4Axe™ +41e™

Field Code Changed

o ) )

Substituting into (1) gives:
42xe™ + 4007 —4(22xe™ + Ae™ )+ 4Axe™ = 4™

/{ Field Code Changed

AAxe™ +44e™ —8Axe™ —4Ae™ +4Axe™ =4

/{ Field Code Changed

0=4¢>

/{ Field Code Changed

This is not possible, therefore Axe™ cannot be the particular integral.

c Lety= k*e™

/{ Field Code Changed

/{ Field Code Changed

Y_ 2kx*e™ + 2kxe™
dx

A

/ Field Code Changed

d2

dxz = 4kxe™ + 8kxe™ + 2ke™™

Commented [A10]: Amended
Field Code Changed

Substituting into (1) gives: |
Ak’ e™ +8lore™ + 2ke™ — 4(2h’e™ + 2ore™ ) + 4hx’e™ = 4e™

//{ Commented [A11]: Amended

{ Field Code Changed

4j’e™ + 8hre™ +2ke™ —8kr’e™ —8kne™ + ke =4e™|

Comparing coefficients for constant terms:
2k=4
k=2

) { Commented [A12]: Amended
Field Code Changed

Commented [A13]: Amended

—Hence the particular integral is lezez"\
#Aand the general solution is:
y=(4+Bx)e™ +2xe*

=(A+Bx+2x2)ezx ‘

\( Field Code Changed

Commented [A14]: Amended
Field Code Changed
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Let y = Acos3t+ Bsin3¢

% =-34sin3¢t+3Bcos3t

A

| Field Code Changed

/[ Field Code Changed

2
‘;sz =94 cos3t —9Bsin 3¢

/ Field Code Changed

Substituting into (1) gives:
—9A4cos3t—9Bsin3t +4(Acos3t+ Bsin3t) =5cos 3t

/{ Field Code Changed

,—9Acos3t—9Bsin3t+4A4cos3t+4Bsin3t =5cos 3¢

/{ Field Code Changed

—S5Acos3t—5Bsin3t =5cos 3¢

Comparing coefficients:
For cos 3t
—S5A4=5

| Field Code Changed

A=-1
For sin 3t
—S5B=0

/{ Field Code Changed

/{ Field Code Changed

B=0
Hence the particular integral is ,—cos 3¢

Am2+4:0

/{ Field Code Changed

_——{ Field Code Changed

m=+2i
Therefore the complementary function is:
Jy=Acos2t+ Bsin2t

/{ Field Code Changed

And the general solution is:
y =Acos2t+ Bsin2t —cos3t

/{ Field Code Changed

d—y =-2Asin2t+2Bcos2t+3sin 3t

A

/ Field Code Changed

When =0,y =1 and i—y:Z
t

A

/ Field Code Changed

|4=1)

/,/{ Cc ted [A15]: Amended

B=1
Therefore the particular solution is:

\{ Field Code Changed

‘Ly =c052t+sin2t—cos3t}
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Ldx dx Field Code Changed

Let y= A+ px + kxe™

| Field code Changed

Y_ 1+ 2kxe™ + ke
dx

A

/ Field Code Changed

2
jx—f = dhore™ + 2ke™ + 2™

L =4oe™ + 4ke™

Field Code Changed

Substituting into (1) gives:
Alore™ +4ke™ = 3( 1+ 2kee’™ +ke™ )+ 2( A+ px+ kv ) = dx+ &>

/{ Field Code Changed

‘4kxe2" +dke™ =3 11— 6kxe™ —3ke™ + 24 + 2 ux + 2kxe™ = 4x + e

/{ Field Code Changed

ke =3u+22+42ux =4x+e”

/{ Field Code Changed

Comparing coefficients:

For Aez" : /{ Field Code Changed
k=1

For x:

Azﬂ =4 /{ Field Code Changed
M=2 /[ Field Code Changed
For constant terms:

T3ut+24=0 /{ Field Code Changed
Az6 +32/1 =0 /{ Field Code Changed

/{ Field Code Changed

Hence the particular integral is 3+ 2x + xe™

A =3m+2=0

*”“{ Field Code Changed

/{ Field Code Changed

A(m—l)(m—Z)zO

/{ Field Code Changed

(D, U G | G | G G I G G

m=1lorm=2
Therefore the complementary function is:
= Ae™ + Be’

/{ Field Code Changed

And the general solution is:
=A™ +Be' +xe’ +2x+3

/{ Field Code Changed
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dzy dy Commented [A17]: Amended
14a 16— +8—+5y=5x+23 m —
. dx? dx //’{ Formatted: Not Highlight
Let Ly =Ax+B| | Field Code Changed
[ ~
d_y =A \{Commented [A18]: Amended
df ‘ Field Code Changed
d_); =0 Commented [A19]: Amended
dx

Substituting into (1) gives:
84+5(4x+B)=5x+23

Field Code Changed

Commented [A20]: Amended

8A+54x+5B =5x+23]

Field Code Changed

Comparing coefficients:
For x:
[54=5=>4=1]

Commented [A21]: Amended

Field Code Changed

A=1
For constant terms:
84+5B=23= B=3|

Commented [A22]: Amended

Field Code Changed

Commented [A23]: Amended

Field Code Changed

T

| 53

Hence the particular integral is x +3

Commented [A24]: Amended

Field Code Changed

| —16m* +8m+5=0

Commented [A25]: Amended

_ 8x[8—4(16)(5)

2(16)

_ 8+4-256
Y
 —8+16i
32

1.1

=t
. 472

m

Field Code Changed

] 7 ] ]

Field Code Changed

Field Code Changed

Field Code Changed

o0 0 A 0 J i U A A A A 0 G . 0 A A 0 )

Therefore the complementary function is:

_L
y=e* [Acos(lxj+3sin(lx))
N 2 2

Field Code Changed

And the general solution is:

1
y=e Iy [Acos(%x)+35in(%xj}+x+3

Field Code Changed

1 1
d—yze“ —lAsin lx +chos lx —le 4| Acos lx + Bsin lx +1
Adx 2 2 2 2 4 2 2

Field Code Changed

When x =0, y=3 and d—y:’j
dx

I

Field Code Changed

Field Code Changed

NN N T

A+3=3
A4=0

1 Lyii-3
2 4

B=4

Therefore the particular solution is:
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1
A1
b Asx—> o, 4¢ ¢ 51n(5x)—>030y—>x+3

A

Field Code Changed

d’y dy .
15 ————-6y=3sin3x—2cos3x (1
’ \Adxz o Y @

/ Field Code Changed

Commented [A26]: Question number
7 '\[ Formatted: Indent: Left: 0 cm

_ Let,Acos3x+ Bsin3x

_{ Field Code Changed

d—y =-34sin3x+3Bcos3x
dx

Field Code Changed

2
d—y =-9A4cos3x—9Bsin3x
dx

=

— Field Code Changed

Field Code Changed

N

_ Substituting into (1) gives:

_ ,—9A4cos3x—9Bsin3x+34sin3x—3Bcos3x—64cos3x—6Bsin3x =3sin3x—2cos3x

/{ Field Code Changed

_ ,—154cos3x—15Bsin3x+3A4sin3x—-3Bcos3x =3sin3x—2cos3x

__cos3x(—154—-3B)+sin3x(34—15B)=3sin3x—2cos3x

/{ Field Code Changed

__Comparing coefficients:
__For cos 3x:

_ —154-3B=-2 )

/{ Field Code Changed

“**‘[ Formatted: Indent: Left: 0 cm

__Forsin 3x:
_ 34-15B=3 Q)

Field Code Changed

__Adding (1) and 5 x (2) gives:

*"{ Field Code Changed

_ ,—78B=13 /{ Field Code Changed

B= —l Field Code Changed
Iy 6

4=l Commented [A27]: Amended
] 6‘ Field Code Changed

I

. . .1 1.
__Hence the particular integral is —cos3x ——sin3x

/[ Field Code Changed

_m-m-6=0

/{ Field Code Changed

_(m+2)(m=3)=0

/{ Field Code Changed

o J o e ) Lo A L

_ m=-2o0orm=3
__Therefore the complementary function is:
_y= Ae™ + Be™

/{ Field Code Changed

__And the general solution is:

-2x

7y:Ae3"+Be

A

+lcos3x—lsin3x
6 6

/ Field Code Changed

__If y(x) remains finite as x — oo then 4 =0
__Therefore:

_ y=Be™ +Lcos3x—Lsin3x
6 6

Field Code Changed

_ Whenx=0,y=1

Commented [A28]: Amended

Field Code Changed

1:B+l
3
=2
6

Field Code Changed

NN

__Therefore the particular solution is:
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y =l(56*2~v +¢os3x —sin 3x) Field Code Changed
. 6

A

///{ Formatted: Not Highlight
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16a iic+89+16x:cos4t,t20 m
dr dr

A

/[ Field Code Changed

Let,x = Acos4z+ Bsin4t

/{ Field Code Changed

dx

= —4dsinds + 4Bcosdr /[ Field Code Changed
Jar

d? . Field Code Changed
d—f:—lGAcos4z—16Bsm4t / 9
Lar

Substituting into (1) gives:
—16Acos4r —16Bsin4r +8(—4Asin4s + 4B cos4t)+16( Acos 4t + Bsin4r) = cos 4t

/{ Field Code Changed

:716Acos4tf16Bsin4t732Asin4t+32Bcos4t+ 16Acos4t+16Bsin 4t = cos 4t

,—32A4sin4t +32Bcos4t = cos 4t

/{ Field Code Changed

/{ Field Code Changed

Comparing coefficients:
For cos 4t:
32B=1

/{ Field Code Changed

1
Y

/[ Field Code Changed

For sin 4t
,—324=0

/{ Field Code Changed

A=0

. . o1
Hence the particular integral is —sin 4¢

A

/ Field Code Changed

g +8m+16=0

/{ Field Code Changed

A(m+4)(m+4):0

| Fietd code Changed

m=—4
Therefore the complementary function is:
x=(A+Bt)e™

/{ Field Code Changed

And the general solution is:

x=(A+Bt)e™ +ésin4t

A

/ Field Code Changed
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Formatted: Not Highlight

Field Code Changed

dx = _4(A + Bt) e +Be™ + lcos 4¢ Field Code Changed
Ldt 8
1 d i
When =0, x=— and Y _ 0 Field Code Changed
A 2 Rels Field Code Changed
A= l Field Code Changed
L 2
Fiel h
44+B+-=0 ield Code Changed
_ lj Field Code Changed
8

Therefore the particular solution is:

x=1(4+15t)e4” +Lsin4t
8 32

A

Field Code Changed

¢ Ast— owothe e

A A

dominates the first term so %(4 +15¢)e™ — 0 leaving:

Field Code Changed

Field Code Changed

x= 31—25in 4¢ which is an oscillation.

A

Field Code Changed
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/ Field Code Changed

. u
and Cl—y=d—y><g=e“
du dx du

y_.&
dr dx

2 2
dy & &, 4y &

2 X—
du du dx dx* du
dy, oy

=x—+x

dx dx’

24y, by
de

+4x—+2y=lhx=
dx

&Ly L dy
du? u

Find d—y in terms of x and d—y, and
du dx

2 2
show that d—); = x%+ x? jx—); then

substitute into the differential equation.

+3d—+2y:1nx:u %

{ Field Code Changed

The auxiliary equation is

m* +3m+2=0
S (m+2)(m+1)=0

= m=—lor -2

A

Field Code Changed

~Thecf is y=Ae™ + Be™

| Fietd code Changed

. 2 Field Code Changed
Let the p.i. be y:)»u+,u®d—y: ,d—);: e oce Thange
R du du
Substitute into =
o 3N+20u+2u=u /{ Field Code Changed
Equate coefficients of u: A27» =l=i=1 /{ Field Code Changed

constants:‘37»+ 2u=0 .. pu=-3

o Thepdi.is y=Su-3

The general solution is y = 4e

—u —2u 1, _3
+Be " +5u—+

But x = e">u=Inx

Also e™ =x"' =lande =x"=—

X

A

—2u -2 1

2
X

/ Field Code Changed

A 1
.. The general solution of the original equationis y =—+—+ ) Inx— 2
X X

I

/ Field Code Changed
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1=4+B-3=4+B=1 (1)

dy_ A4 2B 1

2 st
dx X~ x 2x

A

/ Field Code Changed

When x=1,d—y=1
dx

A

/ Field Code Changed

1=—A-2B+1= A+2B=-1 (2)

A

Solve the simultaneous equations (1) and (2) to give‘B =-%and A=4

. . o 4
.. The equation of the solution curve described is y =—— e +
x 4x

A

—Inx-—=

/ Field Code Changed
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/[ Field Code Changed

Field Code Changed

18 z=sinx .. gzcosxandd—yzd—yxcosx
N dx dx dz
2 2
d—{z—d—ysinx+cosxd—{x%
dx dz dz® dx
dy . d’
=——ys1nx+cos2x—);
N dz dz
2
flbc—f+ta11xd—y+ycos2 x=cos’ x e ¥
2
= coszxd—f—sinxd—y+ tanxcosxd—y+ycos2 x = cos’ xe’
dz dz dz
dZ
2dz—f+y:ez *

[ Field Code Changed

/
/

The auxiliary equation is Amz +1=0=>m==1i

//
/{ Field Code Changed

- Thecf. is y=Acosz+Bsinz

/{ Field Code Changed

2
Thepi.is y=2e® = Y_ Ae” and d—J; =Ae”
dz dz

A

/ Field Code Changed

Substitute in * to give

2’ =" =>h=1

.. The general solution of « is y = Acosz+ Bsinz+1e’

The original equation 1 has solution

/{ Field Code Changed

sinx

y=Acos(sinx)+ Bsin(sinx)+1e

/{ Field Code Changed

But y=1 when x=0

/{ Field Code Changed

l=4+i=>4=1

A

/{ Field Code Changed

& = cos x(—Asin (sin x)) + cos x(B cos (sin x)) + S cos x e

A

/ Field Code Changed

As d—y:3 when x=0
dx

A

/ Field Code Changed

3=B+1=>B=3

¥ =1 cos(sin x) +3sin (sinx) + 1 e

A

/ Field Code Changed
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1 a Given that z=)?, and so yzz% and d—y:lz%%
dx 2 dx

A

Field Code Changed

The equation 2(1+ x?) % +2xy = 1 becomes
Yy

A

Field Code Changed

2(1+x2)xlzf%%+2xz% =z
2 dx

A

Field Code Changed

1

Field Code Changed

Multiply the equation by = 5
J+x
Then E+ 2x22: ! 5
A 1+x I+x
2x
.[sz dx =e[n(1+x3) :1+x2

The integrating factor is ;€

Field Code Changed

(1+x2)%+2xz =1

%[(H—xz)z]:l

(+x")z=[1dr

Field Code Changed

/{
/{
/{
/[ Field Code Changed
/[
A
/{

/ Field Code Changed

=x+c
_ x+c
R (1+x%)
: x+c
As y=2z2%, =
Y TN+
b When x=0,y=2  .2=Je=c=4

/{ Field Code Changed

_[x+4
7 V142

A

/ Field Code Changed
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o )

dl _ dldl Formatted: Not Highlight
dx  du dx A Field Code Changed
dzy d (dy duj 3/{ Commented [A29]: Amended
d’  dx(du dv /| Field Code Changed
_dy d’u +d_u[d2y duj
du dx*  dx( du® dx
_dy du (duY & y
T du +(EJ du®
Let x = e, therefore:
u=Inx
du 1 Field Code Changed
dr x
A =e™
d*u 5 Field Code Changed
i
— _efzu
AThe original equation is:
,d’y dy Field Code Changed

X —5+4x—+2y=Inx
a e

A

The transformed equation is:

2 d—y(—e'z“)+e'2”dy +4e" {dy }+2y:u
du? d

Field Code Changed

ANCNN N N S

du
d d? dy Field Code Changed
LLEY S y=u 2
R du du du
d? dy dy Field Code Changed
+3—+2y=u 1
T Cw T @
Letly Au+ B‘ -| Commented [A30]: Amended
dy -4 Field Code Changed
‘ { Cc ted [A31]: Amended
2
d_ = \{ Field Code Changed
2
L YR CR] . { Cc ted [A32]: Amended
Substituting into (1) gives: \£

34+2(Au+B)=u

ield Code Changed

Comparing coefficients:
For u:
[24=1|

/—R
n(m

ield Code Changed

Commented [A33]: Amended

Field Code Changed

-

Commented [A34]: Amended

NN

”’{ Field Code Changed

!

For constant terms:
[34+2B=0|

Commented [A35]: Amended

Field Code Changed

E+28=0
2 |

Commented [A36]: Amended

Field Code Changed

B3 |
4

Commented [A37]: Amended
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/ Field Code Changed

/[ Field Code Changed

M +3m+2=0

/{ Field Code Changed

A(m+1)(m+2)=0

| Field Code Changed

m=—lorm=-2
Therefore the complementary function is:

-2

Jy=Ae" +Be

u

| Fietd code Changed

And the general solution is:

y=Ae" +Be”

1 3
+—u—=
4

u

Field Code Changed

Therefore:
A B 1

X

A

——+—+71nx—E
7 X2 4

Field Code Changed

Formatted: Not Highlight

2 b y=%+x—2+flnx—f
__4 28 1
dx X X 2x

Field Code Changed

Field Code Changed

Whenx=1,y=1 and d—yzl
dx

A

Field Code Changed

A+B— i =1 Field Code Changed
. 4
A+B= Z Q) Field Code Changed
R 4
—A-2B+ l =1 Field Code Changed
R 2
—A-2B = % 3) Field Code Changed
Adding (2) and (3) gives:
= _2 Field Code Changed

N 4

A+B= Z Field Code Changed
N 4

A— 2 = Z Field Code Changed
L. 4 4

A=4

Field Code Changed

3 Substitute u = d—y
dx

A

so equation becomes

Field Code Changed

D N e e
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dl_ ) Field Code Changed
dx
du
= |—=|dx
)
1
=>-—=x+B
u
1
dx x+B

= y=-In(x+B)+4
=A-1In(x+ B) as required.
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