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Q15: Differential Equations (a level)

Grade Boundaries

Grade A* A B C D E §)

Mark / 109 85 67 49 31 13 0

144 x1.25
Scaled/ | 136 106 84 61 39 16 0
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Section A (37 marks)

1 (a) By considering (*+1)° =7, find ) (3r° +3r+1).

r=1

3]

First lex’s expond out (v +0)F —®

(r+) =3

(202 + 3¢ ¢ | =7

(l

3¢ 4+ 30 4| e— Hus

what we ore SUMM\'N(),

Now we e ting tr And The Som.

™ T 3 _ 3
= (3¢* +30 +1) = % (Fa)- ¢

/

) (A - D

Method oF

Pippeocencos

(o) (0 )|

p—
-~

-

U\H)‘g—\ N4 302 + 30 +) —|

—

NP +30> +3n = v (0233 +3)

(b) Use this result to find Zr(r+ 1), expressing your answer in fully factorised form.

r=1

[4] -

We should FintE need to find =V (r+) in

ow sum cbovre .

—_—

%(Zr‘ 30 41) 3 %(r(m\)) r =

=

=1

SO i r(r4) = ré('s’r’ +360 %)) —

2
3

|

Now we can Sob

n_our Sum From_a) . /US""_E\

%"‘(N«\) = g' n(n?+3n +3) — n / = '=n
' = n(n? +3a +3 -1)
- 1 2 )

%r\ (n+)(n+2)

Of quodratacs will

C, i .
TRV OMeL

Yo
hne 2 C0rr) = La(nr(nee)
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In this question you must show detailed reasoning.

oo

1

Find the exact value of ==
x“—4x+5

3

[5]

This 5 an mprper inteqral as oneg ofF the

So B‘mtltﬁ we need to moaify the

iR 1S
Umik o our inYeqeal .
r } C \
\ >tk ss 4% = \ ot ors 0% -
Uaz ~ 3
The quadrobic (n bhe  denommnabor does ot
foctorise . So we wwt Complete b Spmore ond
vt o bl S hyprbolic tite Substituds on
*-Ux + S
- (‘DC_—'L)Z—(’Z>2 r S
(¢ 2% + |
o' \ tom ca |
0w | P 9% T asw ) G

3

C 1
From the Tormola bool,(, \—r ' dx = ot ¢ + C
U/(V\ ~ wv\ [l —\(X
- o e -2
So a> 00 33 /x-z\’-ﬂ de = 0\_900\“0«('(& C )ig

- aaw (mbm(a 2) — ortton |>

NS > orcton (0\—2) 2 7—;_ s T £ ot x 2 I
o ? l
v 33 xS -Ux +S 2 Y g

Turn over
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3 In this question you must show detailed reasoning. |
Solve the equation 3 coshx = 2 sinh’x, giving your solutions in exact logarithmic form. [6] —

Firlt We need by writt Our egumation v dems of coShoc .

Fonm the fomula book  Cosh*2C —Sinh*>X ={  §o
coshZoc —Siph2oc = |
= ‘
Subs# i
S —tAf—09F
3coshe = 2 ( ) ¢ egmation

Reoshsae = 2wshZzrx -2

2 cosh®>x —3coth o —2 = 0O

TS 1S o gaadialic in cofhae . So

(cos\nsc —Z}(Zcosmc +1) =0

cosh DC,——’Ll cosh>x = -—’2-

coshoL = -+

no . &€ @ as coshx > O

Cosh x. =2

2 = oreosh 20 = In (2% 422 -1 )

-l (2 +R®)

By considwring e greph, W olso reed. bre PNegatud

N e Vale OF e vwot  above .
\ / So ¢ = -tn (2 +F) 0t e,
o L— 7
Vi
? L

e ¢ =tn(248E) > =-n(2+(3)

© OCR 2022
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4 (a) A transformation with associated matrix | 0 1 —2|, where m is a constant, maps the vertices —|

20 3

of a cube to points that all lie in a plane.

Find m.

\f the fronsformationn  mops ok points Jo Gk
place. B dokerminet of the makrix g

3]

N
©)

|

Y
r.)
O

So 3Imu-1o0 =

(b) The transformations S and T of the plane have associated matrices M and N respectively,

1
where M = [_I; 4J and the determinant of N is 3k+ 1. The transformation U is equivalent to

the combined transformation consisting of S followed by T.

Given that U preserves orientation and has an area scale factor 2, find the possible values

of k. [4]
The defarminok of the Makrix representing U s 9
So et Nm = & )

N U\QQU\&PAM the Combired tromsFormation M Hien N.

Mso  dak NM = dot N x cdhet M

det N = 3u+\
det M = 4h - (-3) = UK +73

-_—
—_—

So o (ur)(Uu+3) =2
I2U* +59K +UU +3 =2
I2u* +13k+\ = 0
(124 +)(k +1) =0

So U=-—7 of K=-|

—

© OCR 2022 Turn over


http://www.mymathscloud.com

2
NN
,))6 %sw
(}5 s
6 o,
x @,
O,
5 (a) Sketch the polar curve r = a(1 —cos8),0 < 0 < 27, where a is a positive constant. [2] &
= o((-cose)
The exsiest Loy Ly do
Hus 8 Plot e grophs
US\ Qmﬂfe Srap\\ Funth'on
Ct%o.
\P not, plot o Few point
ond ke tws Aty draw
the covve.
(b) Determine the exact area of the region enclosed by the curve. [5]
From looking ok the gvreph abore the bounds for
NJ I 7
Ue oen ore O ond 27
o W fomwlan booli the  crem =
SO e N
0= — = -
2
o
7
<o F—2€oto—+cos2e—do
2=
Bo N\ Uting €o3*6- =3 (( +C0S26)
28 v -
= Ol( | PP PR Y A L rece2a) Ao
P \ AR A > Tzkl TL,UQ(—W/ AU
Jo
n
_ e (2 ose v Leorrode
= j0 z = ) Kcosuedg
e [
n = T $HhU0 x C
_ o236 5 sine +dsinae L :
2 L y .lo
kX
= & (\35 (2n) —28inzw + L Sinum \
—(3_ (6) -283n0 ¢ Jan’\o))
2
= (271 -0 + 3 (o) _(o — 2(0) +u(6))>
= @.Z'_‘X’m = 2a*70 wnikst
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http://www.mymathscloud.com

%
’bj,o’
7
o 2 of "0 s
6 Prove by mathematical induction that PR Bl PRSI for all positive integers n. [5]4

Step One : bose Cose

when n=1 LHI = (_Z\ c:) =(:_Z\ ?)
2 0

2HS

1
~
O
\vf
I

} Jootrwe for =

—\ |
t —7

Sfep Ewo : assumplion

Msume, trpe for n=k SO

Sty Uhree ! induclive Step

LSina,  the assume d resul: for =y

(2 o\ [2 0]
\—\ \} \-\ \/
B} [1 o)

Gy

(
B \|-7}““’ \} Jotvue for =W o+,

Steg four: Cconclusion

\& He esolr s tve for n=U ik 1S brie

foc n=Wxr). S 1+ s \;rvi for n=1

18 teve . for al\ posihve. adeger
yohwe!  Oof . ‘ 7
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Section B (107 marks)
7 In this question you must show detailed reasoning.
3
Show thatf ledx=%ln2. [9] —
, k=" +1)
We can Find the inteqrad USIng Qartiad Ffuctions.
4\ _ A Bx +C
(e-1) (5 s ) T 2 2+
A (o +1) & (B« C)(pr_—l)
(3c-1) (3c? +1)
e A (o +1) + (B + C)(oc—1) = o+t
¥ & = +
Fioa A, x> A+F=0
B o C . _ | ol : 1 :
X: =B +C =1 [ Solving Slfweowly gives
Constos: A — C :IJ A:\/ :‘I,C:’O
r3 ~2
$o \ x o+ | g = \ | peé soc
\ (3-1) (o + 1) \ 20-1 x|
Jq A .
N _ )AUS\V\Q
= \A\DC’\\ - ’lil(\r\%’.'\‘\‘ L/ ‘%d‘m :\I\‘FL‘.!-)\
- 2
= n2 —21d —(ml ——-L"\S)
= n2 -3lalo +lal + 7‘_1/\5 Simplify
= 1 - into Ve red
= a2 4 2((/\3 o) ot
= A2 ¥ slagp
= 12 - 32 = 52 oS reguired
(answer space continued on next page)
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Two sets of complex numbers are given by {z ;arg(z—10) = %ﬂ'} and {z:|z—3 —6i| = k}, where k
is a positive constant. In an Argand diagram, one of the points of intersection of the two loci
representing these sets lies on the imaginary axis.

(a) Sketch the loci on an Argand diagram. [4]

7o (2-10)= T
Iwn > halF Line
begins ot (10, 0)

Line MoaMes oagle of F 7
with *ve 3¢ darection

2 ]2-3-C) =«

34 i

<|w
S

> tivete, (56 -3)* + (v -t = U

Re

(b) In this question you must show detailed reasoning.

Find the complex numbers represented by the points of intersection.

[71

Ts s essemially o coordinale ¢eomelry question .
So Ant we re-uwnte our (ot N Rt of ¢ oomd g,

o0g(2-10) = T is o lire, grudiest ton (3 x) = -

/

passing ‘Uv\V-DUC(‘/\. (lo O) SO

Y-0=-1(x -0

U = -2+ 10

12 —3-Gl=k i o tiwle | cenre (3, 6) VTadiu K,

so (=3 ¢ (y-¢)7* =

Wwe  Unow ‘M‘Q/VJ Inteset on e IMO\q\{\O\M o (S

o ntesett ok ¢ =O . Wheh X =o u\ =-0+10

-—

Jo)

so (o0-3)* +(lo —¢)" =u”

n* =25 = U=9

© OCR 2022
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3b) | S0 now we solve for the ot point of

Conbinved) indenecks e

Subbing U= -% + 10 Lae  (*- '3)Q+(Lj'€5z’—25j

(> -3y +(w+1o—€) = 2

x* —6x + 5 + o —9%x +16 =25

2o% - 1Y =0

7_70(90 ,-‘7) =0

o =0 X =7

Y=, Y =3

&/

So bte poinch OFf inters ection o Tepresended

|07 ok T + 3

© OCR 2021
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9  The function f(x) is defined by f(x) = In(1 +sinhx).

(a) Given that & lies in the domain of this function, explain why k£ must be greater than

In(v2 —1).

2]

ln () is only vakid fFor x>0,

So |+ Stuhoxe D0
Sinlh 2 D~
A D ANSnh L—\) \ LSTng orsinhx =
2 > l/\(—\ 1-\(?-1)_11-—1)([ (20 + doe? 40 |
oc D n (\I— —\)
hae U most be greaty dhen \n (3 -0)
(b) (i) Find f'(x). 7

(:(_DC> = n (H— sinh o)

5y Ohasn vule,
F() = \n v Fr(= &

U= 1 4+ Snho

|
SO FN) = T smnx X coshx

Co sh

[+ S nl 2

(ii) Show that f"(x) = %, where a and b are integers to be determined. [3] -
sinhx
BV) Q/Aob'enb role,
= coshoc U = Sinhx
vz L+ Sinhx V' = CoSh
SO ¢ E3) = Sinha (1 +8inho) — coth® > goss\\:?%c e
(1 +sinh )" —
Sinht + Simh 2o —cofh?a Sinh>t — |
(I + Sinh o)* T (U k sinn a)?
(a0 = b =-

© OCR 2022
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(¢) Hence find a quadratic approximation to f(x) for small values of x. [3] %
A aiven in bre formula bool, the  aeneol
e , , N y; F// o
Malaurn senes S E(x) = F(o) + Fle)ve + _12_7302 oL
F(o) = ta(l + Sk o) = \nl = O
(o) = L+-3valho ! |
\ 6)~ -\ _ _
£7(0) = e - = -
< (7S (0))
5o F(X) = O k() + T2 ...
F() = »c - & 4
Mo o guadrabc apeximation for £ (a) s oc - g’

(d) Find the percentage error in this approximation when x = 0.1.

2]

Flo) = ln (1 +8mh01) = 0. 09SU....

9(0‘0 ~r 0\ —%:Low)l = 0-009¢

e v ale — opproxim clion

7 etTor—= x—100
brve  volune
0-09%8Yy... — 0-095S o
O-09Sy...

= 04yg®37.. = O-ygu . (3s¢)

© OCR 2022


http://www.mymathscloud.com

10 The equation

4x* +16x° +ax’ +bx+6 =0,
where a and b are real, has roots a, %, B and 38.

(a) Given that B < 0, determine all 4 roots.

[6]
Vsing = w8 = & [(Poduck of voon)
XX Z xf ::z’s,g = —%‘-
- ¢
6 R ‘/TJ
P~ =1
B =t 3 = <o so B=-3
USing = o = —4 (SU(V\ of rooty)
IR S R
¥ + =+ 2 = O
> Qe+ | o
o —lt W@ uwex _ 2w
ZL‘) - =&
So Oots ose -7¢_{ _32_’_\ Bo o=d-
(b) Determine the values of @ and b. [4]
US\'V\S S oB = %( [sum OF preduck of 2 \moﬂ)
(DC3) + (D)) +(C2)-0)
F (-3 ) s (D)
+(:\ 4()(-\—\') = 7
= %: }—3- = =727
using Z gy = -4 (sum of produk OF 3 o)
(DD« (D))
P DD D) ()
o
=7 "gc3
b =172
a= 7071
b= 7.7

Turn over
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The complex numbers z, and z, are zles‘” and zles‘” respectively. ,b"eg %
“‘o}
~_(a) (i) On the copy of the Argand diagram in the Printed Answer Booklet, mark the points B o"o;
and C representing the complex numbers z, and z,. [2] c%
I‘rp NUH-;Q\UMS U/\I’W‘O\f\ {Yb
3T does notr chonge
2, the vo dulus of 2, , 6wt
P \ wtekns I} by %—T\
‘xb‘Zl abouk  the on'%{n.
IA&\I %,, %2 OV‘(A %3 w
5 »Re fom on  equn) aesy
trionyle win
U/Q. Or\'a{f\ (VY
the cenve.
. C
%3
(ii) Show that z, +z,+z, = 0. [2]
2‘ + %2 + %-3 — %l + %l e’?"’r + %‘CT'W
s formS oL georelric enes, a=%, r=e3"
z‘.' 3 ;
So 7 B N N W %‘(|—C€?K)):%'U—ezw)
[~y o) 3 | — e%;ﬂ | - e%\‘ﬂ
™ = os2m 4 (sin2w = | +i(o) =|
- Z.(-n
So %, + %2‘\' %‘Z - i_lé%‘n = O
=D Z\ + &E=x 4 Z3 =0

(b) Given now that z
your answers in the form a+ib, where a and b are real and exact.

1» Z, and z, are roots of the equation z* = 8i, find these three roots, giving

[4]

Fict we writt 80 in Mod —ovy form

|8i|=2/ Mgi:g‘, so 27 =V8(w37§+i8\‘n12')
Hhe by de Moiwes 2 .= o (c_os’—%+ is(n'%):ﬁa—i
Orgyutuhs S =2 (cos T+ isin&g) = - 3 +i

mﬁfﬂ Vo2 = 2(C°33—§ +i8{r\%’i) = -2

each tive

SO Voohk ot ﬁ;i,—ﬁ ay

=i

© OCR 2022
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' d
12 Solve the differential equation (4 —xz)ay —xy = 1, given that y = 1 when x = 0, giving your

answer in the form y = f(x). [9]

Ficst e need o re-wnte our DE  into @ UN/CN‘ 1§+

ocder generad form DE.

(u- 3") do, — Y =

~r
oG {

= (U-ac*): %%u’ U-2*9 = W2

We con Solve thms by USing an inteqratiny fuvhor,

Kad NS Liatu-oct| 4
T (%) = edu-» = e = (4-29)*
\___/ ——

= leeolrc R0 = €(a)

,_?—
Now we noltiply Ehrogh by T (20).

\

—_—

' S I _) \
x (U2t (H—O(})" %\%c, - DC(LI~D(,7‘) Ty o= (U-ak)

The LHS 8 implicit product evle . u= Y - %

V= (Wa)T - ~arlu-a)]

s\'—

=7 ad;(\d(_u-x"‘)?'-) = (4 -x )%- - 2¢(U-2Y)” 7-3

o & (yl-dt) = (U9

1 o | S e .
u\(u -2%) * = wesin (—.;) t C = oresin () +¢
lhen \ﬂ:l > T O |(L|>% = orlyyn0 +C =7 C =72
oy = WCS\(\(%(_-‘) + 72
U-oc*

© OCR 2022 Turn over
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13 The points A and B have coordinates (4, 0, —1) and (10, 4, —3) respectively. The planes II, and 076(‘ o
I1, have equations x—2y = 5 and 2x+ 3y —z = —4 respectively. 6‘5‘%
-
(a) Find the acute angle between the line AB and the plane 1T, . [4] @
We Stot by Einding the cdiredien  vector AB.
|0 Yy 6 \
A_§ = l)/ -0 = y — O = q \
<)\ \-7)
So we con ftort by Rad the ongle  betuween, bu's
divection vect o omd e normed Jp T, LSIng
fote < __ J= oS = ——
20
S0 & = occos [52) = 9696y
Diagrems bredp US visvadi &
e ogle e hore £oundd |
\ - N $o the  Ongle betwen Ure plue
</,’— > —f®y m wd Un iS 96:86y.. ~S0
B view O Yiew = 686U.. = 6-36°
(b) Show that the line AB meets II, and II, at the same point, whose coordinates should be |
specified. [5]
. . 6
So the [ire has equation .- /g\‘ +’k/’-%\
-\
30 . ; ~_Subbing
\ info plore
YRV LN
, — wWV/\WVIUI.I
Figt lexs Lk TU:- ——’2_( )_—_ q
-7\ = |
=%
Now T, : 2 ( Y +3(00) - (-1-20) = -4
€+ 120 + 1A + U r» 22 - -y
262 = -13
A= L
fs Py intesesb Lhkn A= -1 eoch he AR Meom
T, wmd T o the Sae point,
Coordinates = (L(-\- 6(;37-_)1 (4(—-‘7-_)‘-\ -2 L—-;-_)) = (\ , —-2, O)

© OCR 2022
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© () (Find [i-2j) x (2i+3j-k). 1]
We co Find Hus USing o determinot .
P12
: =7 3 L= 2
g’-lg—Lo \—\lo—!+g-73
K o -l
=1 (2) -i(-) +«(3 +2(2)
= 21 +) +7k
(ii) Hence find the acute angle between the planes IT, and II,. [3]

fhove we Found e vector produck et bre

normols 1t each \o\coe. We Ccon L ths b

fad bhe ongle betwen Hem . in bt FB

a la]lbl sine R N iS n umk etbor
lax bl =lallkl sinp (R] £ o [Al=1
e laxk
=2 Sine = RN
\PERET 3ot y
. _ = . ' +
o Sine = \I.z),qz\ﬁnml 3S (tims oo
S0 & =ortsin (UB) = 61us. = 61.4° (3sp)
(iii) Find the shortest distance between the point A and the line of intersection of the planes |
IT, and I1,. [4]

Tre vetbor produck of two vettors  qiwes @

vector perpndicvler te- tle two vectonr

Py . SO b veikor predoct in Q) (08 ke
" davedion veckeor  of Hle Llie OF

Vit inteagection. So Hms  liee 1§ (—‘\

Lecalh bhok the shorrest dustonce berwweorn co line

LY_*:QLA—'P»Q\_) md o pont P ¢ G 1 b‘:) | of x 4|

| d)

© OCR 2022 Turn over
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‘z:% ,,,}iﬁs\\
Do 05,
R
| %
&
5
l\\) u / | 3 oo)
Continued = P —a = o _(—Z - >
) \o -\)
i3 2
. 12 00 13 2 32
$0 ol I St N 1 I ) D
K -1 7

i

iUy - g (2 +x 37y

1

1Sy ~233 ~K

30 dastene = —— = 3-739|.... = 3-7Y ik (3 sr—)

© OCR 2021
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14 (a) Find (3 —em) 3= e_m) in terms of cos 26.

Heve we just expod ond §implify.

(:3 _ e’?,'\e') (3 _ e—’L.‘ @')

- 9 _36—’219 __’367,69 + |

=

1o —3(e¥® re ) | Using 2cosne =" +e "
=10 -3(2ws28)
=10 — 6Cos2E

(b) Hence show that the sum of the infinite series

sin9+%sin39+lsin50+isin79+...

65sin 6
can be expressed as

9 27

5—3co0s20° [6]

Tms IS oo C+ S gmeshion. So we ghowd dofire

C md S before considering C+1i§.

So leb C = COSG + = CO83O + 5 COSSB + . ..

¢ =Sine + = Sin3e + 58NSy + ...

So considering C + 1§

CriS = COS®& +iSine

= W3 + £ 1SiN3e

i

+ $COS SO + $iCossSe
.'.

z

153 1o s
t 3% + g%

This foms O GeorelTic sesves

a =%, T==z2*

Sotredd A Infimty .

(answer space continued on next page)
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APV . 2
14(b) | (continued) infinite Cd—eOP'éb“C‘&V"’\' )
(74 TOT MOIToON—
N o _ T
ST Ty T oL
_ 3z
3- 2 \ Moltiply ing 5
3@ 3 —e~2%® [ Corplex (Onjugate
- ?’e'z;e k 2 _e—’ue
3 '36‘9. (‘3 _ e\l{&)
- (z_ﬁlca)(g_e—zfa) \
96\‘@' - e '® ) LHINY resWty Fam o)
" 10 - Gcos26 -
3 3(005& +ising) =3 (cos(-&)ﬁscn(-e)) N using
- _ s (-0) = Coise
10 —6cos 28 }s;n(-@) =-Sing
Yose + 9isin® -3S® +3:Sn6
- (0 - GCOS2®
bCo s 12SING
T10-6ct28 10- 6Cos 28
3Cose | . 68Ny
G -3¢0820 G -3c0se
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‘ L3in3e + Sinse = =shd
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15 In an oscillating system, a particle of mass m kg moves in a horizontal line. Its displacement from K3 %%Q3
its equilibrium position O at time # seconds is x metres, its velocity is vms ™", and it is acted on by K
a force 2mx newtons acting towards O as shown in the diagram.

Initially, the particle is projected away from O with speed Ims™' from a point 2m from O in the | ,
positive direction.

2
(a) (i) Show that the motion is modelled by the differential equation d—f +2x=0. [1] —
dr

The feSolr ot force on O poticde F, 18

By Newton's 2% Law  F =mo

1o [ —ZMDC’ = a
N) Q _ 5 dix as

-

)

S

[ =)

(ii) State the type of motion. [1]
Sine & « —2C the pwbic\e I\ PQIFO(I"\\V\U\
\J
Simple. h oemonic motion.

(iii) Write down the period of the motion. 1]

For SHM, &% (2 =0, §p =2 =rw=fz.
Also  reca U//\:c @ociod, T 1S givm by T = o
So T= £ = (2w =Uuuzyg.. .
= 4-UY seconds
(iv) Find x in terms of 7. [4]
Zecodd bthhak e %(’_NUCJ Solvfion f&r @« SHM Dg iy
A = ACOS Wt + BSinut.

So 2 = Acos (EVZ) + Bsin (£(Z)

Att"f@l L =2 ond V= %j_;:|
Acos (o) + BSin(o) = Z
AL) +B8(0) =2 =V A=72
ok A =2cos8(EvZ) + BSin (Ed7)
¢ (g Ax - 93 sin(Efz) + B3 cos(t )
| = —2J7 Sin(0) + Bz cos(o) => B= —\f%::

N

—

rene 2 = 2c0s (EVZ) + S 5in (£ 02)
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(v) Find the amplitude of the motion. (2]
Recat that F o = Acoswt + BPsinut, the omplitvde
oF noion 1S given by (A2 487

henco  amplitude Z\X"[‘*(‘g)" = \r% =& =203,

= 2-12m (335)
(b) The motion is now damped by a force 2mv newtons. |
2
() Show that ‘;—+2% +2x=0. 1]

T resoltost fone, & on the poticle is nouw
¢ = -2mx -Zmy
So by Newten’s 2 Low - 2w — 72/ = Aa

[4
(o= v-GF) av2v vox <o = GE G+ oo

03

(i) State, giving a reason, whether the system is under-damped, critically damped or
over-damped. (1]

We con conside e auxillioy egmati onv for  ou D€,
L+ 2A+2 =0,

The discriminay = (2° -4 (1)(2) = —

Recalh that iF discriminonk 1S less Hthen O Hhe poticle

& underdomped . Hence s discriminet €0, i+ S Under— domped

(iii) Determine the general solution of this differential equation. [3]

We con v ow cwwl\\'o@ egmaticn ree .
AE+2A +2 =o
A =2 = N@Fuxixl
(AW

\
— = ==

2 %\

|E we obttun ol AL = a2 b from our X L oy
eqinols on, x = €2 (Acosbt + Bsinbe)
So our gerved solubiion s X = T (A cost + l?Smb)
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4, o
(c) Finally, a variable force 2mcos2¢ newtons is added, so that the motion is now modelled by o%) "%a %\
the differential equation 665@ %
%,
d'% .yl n, %
d2+2dt+2x 2cos2t. ooo)
(i) Find x in terms of 7. (7]

Fromw b) we now have o generol Solution
o = % (Acost +V6>sim,—)
So  our soluion 1S
x = et (Acost + Bsint) + e(€)

We con Find p(t),
PU?) = PoslE + Q@ Sinzt
pr(t) = —208in2t + 2QCOS2E
P [£) = —UPCOSLE - 4@Sint

Subbing Lnte  bre DE,
—LPCos 2t - UQSin2t +2 (=20 6n2E + 2Q cos2b)
+ 2 (Postt + @Sin2t) = Zcos2t

¥

CoS .t

Sin 2t

Solving @ ond @ §7 Mulkme oUsly  gives

P=-% ond =7

Heaw, ¢ = 7 (PCost + @ Sint) -gCosit + Esinzt

(answer space continued on next page)
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15(c)(i) | (continued)

In the long term, the particle is seen to perform simple harmonic motion with a period of just |
over 3 seconds.

(i) Verify that this behaviour is consistent with the answer to part (¢)(i). [2] |

At t>2 00 e*f > 0.
SO o —5 -3Costt + Esinzt

We cen rewdke ¢ ag £ > @ in hormonic For/v\,l
2 > Asin (1t + )
SO W =72,

Henw  time pesiod T'—% = Z—f{ = Tv = 3-uy.....

Tlis tire penod s Close Ao 2 selonds 09 expested
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ADDITIONAL ANSWER SPACE o

If additional space is required, you should use the following lined page(s). The question number(s) must
be clearly shown in the margin(s).
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