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The t- formulae 5D

1 a s=10-5sinx—12cosx 2 a s=1+2sinx—cos2x
£=_5005x+125inx £=2005x+2sin2x
dx dx

‘ X =2cosx +4sinxcosx
Substitute ¢ = tan— . X
2 Substitute ¢ = tanE

ds _ 1-# +12( 2t j ) )
dx 1+7 1+¢ Ezz(l_t J+4( 2t J[l_t J

) dx 1+¢ 1+2> )\ 1+
—5+5¢t" + 24t
E 2(1-2)(1+2%) 8e(1-1%)
1 - 2\? + 2\2
—— (51 +241-5) (1+7%) (1+¢)
s C2(1-2) (14 8) +8e(1-1)
b The displacement is minimal when - (1+z‘2 )2
€ —o; 2(1-2)(1+ 41+ 7
dx _ (_t )( +2t+t)
5t° +241-5=0 (1+2%)
(5t-1)(¢+5)
t=% ort=-5
dzi =5sinx+12cosx
dx

2
=5( 2t2)+12 =
1+¢ 1+¢

106+12-127
1+£

_1 ds
Att—s, dx2>0’

so the displacement is minimised
at this point.

x 1
tan—=—

2 5
X 1
— =arctan—+ nw
2 5

x=2 arctan% +2nn
So in the range 0 <x < 2m,

X = 2arctan§ =0.395(3 s.f)

2 b Particle is stationary when % =0
X

1-£#=0
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tan— =1

T
—=nm+—
2 4
9=2mt+E

tan—=—1

0 T
2 4
9=2mt—E

So in the given range, 0 = '%n

£ +4t+1=0

—4+
TN

2

tangz —2+\/§

0 =n-0.267...

2
0= % =5.76 (2 dp.)

2
T
0= ? =3.67 2d.p.)

h(x)=3sin2x—4cos2x +25
ﬂ:6c032x+8sin2x
dx

SolutionBank

Substitute ¢ = tan x

_ 2
ﬂ:6 1 t2 +8( 2t2j
dx 1+¢ 1+¢

_6—61" +16¢

1+¢
)

=T (37 -8-3)
dh -2
R (3 -81-3)
dh -2
a=1+t2(3t+1)(2‘—3)
dh

a=0:(3t+1)(z‘—3)=0

t= —% ort=3
Taking ¢ = 3, this gives either

consecutive minimum or
consecutive maximum points.

tanx =3
X = nw+ arctan 3

The time between oscillations
1s therefore n

d*h
dx’
If tanx = —%, then

x=mr-0.321...=2.82

=—12sin2x+16sin2x

2
At x =282, d—}z’>o,
dx

So the displacement is minimised
at this point.

I .. x . 2x 1 X
y=—sin—+sin—+—cos—+2

dy 1 x 2 2x 1 . x
- = + in
de 10 5 5 5 10

© Pearson Education Ltd 2018. Copying permitted for purchasing institution only. This material is not copyright free.



Further Pure Mathematics 1 SolutionBank

1 x 2 S T 1 . x intense peak.
=—C0S—+—| cos" ——sin"— |-—sin—

10 5 5 5 5) 10 5
The first intense peak is the first stationary
Substitute ¢ = tani value, so you are looking for the least
.. dy
2 value of ¢ satisfying — =0
o 110), 2 (oA e 1 T
dx 10l1+£) 5 (1+t2)2 10\ 1+ £ So if 3t —8t-5=0,
+ ’
then t=% =ta %
(1=2) (1) +4{(1-2) -4 ) -2 (14¢)
- 10(1+t2>2 If #+2t-1=0,
—2++/8 X
_2 2 —62 +14) =2t —28 then 7= =0.414...=tan—
:(1 £)(1+23)+4(1 6t2+t) 2t -2t en 5 an o
10(1+%)
| 44— 247 + 45— 27— g} The least value of ¢ is 0.414 , which
S e e t2 —et 2t corresponds to the first maximum peak.
10(1+7)
The general solution to these peaks is
4 3 2
_ 320 -24r 2145 .
10(1+t2 )2 10 = nn +arctan 0.414 and the
(3t2 —8t—5)(t2 +0f— 1) ‘fourth occurrence’ occurs when n =3
10(1+7) x
Therefore 10 =3n+arctan 0.414
b i Comparing y—values on each graph, x =10(3n +arctan 0.414)

k= % would be sensible. x = 98 milliseconds

ii The model is suitable for predicting
times, since both graphs oscillate bi-
modally with similar periodicity.
However, it is not suitable for
predicting intensity, since the peak
height is constant for the model, but
varies in the observed data.

¢ Every peak occurs when % =0
X
and the most intense peak is the

‘fourth occurrence’ of the first
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