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Mathematicsfor Queensland, Year 12
Worked Solutionsto Exercise 3P

Hints

1.  Squareboth sides. Remember that sin® x + cos” x = 1

2. Expand the LHS, then write the expression in terms of sin X and cos X.
Recall the identity for the perfect square; (a+b)* =a” + 2ab + b’

3. Oops, this question is similar to the previous question.

4, ERRATA! The coordinates of the point P are E%J, - %2
2
To find the equation of aline, it is sufficient to know the gradient and the coordinates of one

point.
5. To solve, write the equation in terms of either sin x only or cos x only.

6. Since the phase shift is 0 and the vertical shift is 0, the “waist equation” has the form
v=AsinBt.

7. Y ou know the displacement function, how do you find the vel ocity function. Note that the LHS
isV* and not just v.

8. Oops The question should read, “What is )f (x) dx?
But the question is also misplaced — it should also be at the end of Chapter 8.

Here is an aternative question, along the same lines:

If y=xsinx, find ﬂ
dx

P
Hence evaluate (j Xcosx dx
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Worked Solutionsto Exercise 3P

1. sinA+cosA=1.2

(sin A+cosA)?

=1.2?

sin® A+ 2sin AcosA+cos* A=1.44
2sin AcosA=0.44
sin AcosA=0.22

2. (sec A- tan A)®

3. see above.

4, ERRATA! The coordinates of the point P are

=sec? A- 2sec Atan A+tan? A
1 1 sn +sin2A
cos’ A cosAcosA cos’A
sin? A- 2sinA+1
cos? A
_ (snA- 1y
1- sin A
_ (§nA-1)(€nA- 1)
(I+sinA)(1- sinA)
_ -(1- SnA)SnA- 1)
(L+snA)(@L- sinA)
_-(sinA-1)
(L+sinA)
_1-snA
1+sinA

ap /30

o 2

{square both sides}

{ expand}
{sincesin® A+ cos’ A= 1}

{ expand}

{writeusing sin A and cos A}
{add fractions}

{ numerator is a perfect square}

{ difference of squares}
{snA-1=-(1-snA) }
{divideout (1 -sinA)}

{ QED}

To find the equation of aline, it is sufficient to know the gradient and the coordinates of one

point.
To find the gradient:

dy

m=—=2c0s2X

At the point P(% 1)

m:ZCos2 53:20082:2 E:1
6 3 2
The equationis
Y- Yp=m(X- x)
y+L=1x- %)
y=x-%-2
y=x- 3484

Check this answer with a calculator.
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Given  2sin®x=cosx+1

Write the equation in terms of cos x {since sin®* x + cos” x =1}
2(1- cos® X) =cosx+1 { substitute}
2- 2c0s’ x = cosx+1 { expand}
2c0s’ X +cosx- 1=0 {re-arrange}
Thisis a quadratic equation on cos x.
Lety=cosx
2y’ +y-1=0 { substitute y for cos x}
(2y-I)(y+D=0 { factorise}
2y-1=0 or y+1=0
y= % or y=-1 { solve the quadratic equation}
Hence cosx= % or cosx=-1 { substitute cos x for y}
Now solve these equations for x.
If cosx:% then x:%+2kp, ki J orx:%+2kp, ki J
If cosx=-1then x=p +2kp, ki J
The “waist function” hastheform v = Asin Bt where
A=0.6 { A = the amplitude}
2
B= 2= B=
2 =P ¢ period s
So v=0.6sinpt
Acceleration is the derivative of velocity, so
a=0.6p cospt {take the derivative of v}
Attimet=0.5
a=0.6p cosp (0.5) { substitute and evaluate}
=0
Attime t = 0.5, the acceleration is 0.
Displacement is given by
x=asnnt 1
Velocity is the derivative of displacement, so
V= % =ancosnt {take the derivative}
and v? =a’n®cos’ nt { square both sides}
But cos’nt =1- sin’nt { the Pythagorean identity}
0 vZ =a’n’(1- sin’nt) { substitute}
v> =n’(a’- a’sin’nt) { re-arrange — do you see why?}
Vi =n’ga’- (asinnt)’y {since Xy = (xy)?
But X =asinnt {1 above}
\ v =n’ (a2 - xz) { substitute}

Q.E.D.
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If y=xsinx thenusing the product rule

dy _

— =sin X+ XCoSX
dx

Thishas an extraterm, sinx. We can iminate it by adding a cos x term to the RHS. Asa

check:
If y=xsinx+cosx, then

d =(sinx +XcosXx) - sinX
dx

= XCOSX
P
Hence (¥ xcosx dx:[xsinx+cosx]3
=(2sin% +cosg) - (0sin0+ cos0)
:%_ 1

Check with a graphics calculator.



