METHODS 12

Concepts and techniques

1 a di D3(2x + 3)] = 3x3(2x + 3) + 2x°
X

= 8x° + 9x?
NOTE: These derivatives can be expressed in several ways.
A couple are listed below.
[3(2x + 3)] = 3x3(2x + 3) + 2x°
= 8x° + 9x?

OR  Lety=[x}@2x+3)]
Y 3x4(2x + 3) + 23
dx
=8x° + 9x°
b di (3x - 2)(2x + 1) = 3(2x + 1)+2(3x - 2)
X
=12x-1
c di 3X(5x +7) = 3(bx + 7) + 5(3x)
X

=30x + 21
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d %4x4(3x2 —1) = 16x*(3x% — 1) + 6x(4x")
=72x° - 16X
e %ZX(SX4 —x) = 2(3x* = x) + (12x% - 1)2x
=30 x* - 4x
2 a % (Bx-=7)(2x +5) =3(2x +5) + 2(3x - 7)
=12x+1
b % (5x + 2)(x* = 1) = 5(x* = 1) + 2x(5x + 2)
=15x* +4x -5
c % (5x = 3)(C + 2x = 1) = 5(¢ + 2x — 1) + (3%* + 2) (5x - 3)

=5x° + 10X — 5 + 15x° — 9x°+ 10X — 6
= 20x° — 9x%+ 20x — 11

d % CH+TE=x=-1) =2Xx(¢ =x=1) + (2x = 1) +7)

=2 -2 242 X2+ 14x-T

=4x°—3x° +14x -9
e di G +3)x* + 23 5% + x - 2)
X

= (X" + 2 = 5% + x = 2) + (4 + 6x° = 10x + 1) (* + 3)
=3 +6x° - 15x* + 3¢ — 2% + 12x% + 6x° — 10x* + x3 + 12x3 + 18x° — 30x + 3

=18x% + 12 - ox* + x3 + 16 x® + 16x° — 30x + 3
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3 a i( 1 j:O(Zx—l)—Z(l): 2
dx\ 2x-1 (2x—1)2 (2x—1)2

b d (3 j: 3(x+5)—-1(3x) _ 15

dx \ x+5 (x+5)2 (x+5)2

d( X 3X° (X* —4) - (20%*  x* _12%
C JE— = =

dx { x* —4 (x? —4)2 (x? —4)2
q d x—3j:1(5x+1)—5(x—3): 16

dx \ 5x+1 (5x +1)2 (5x+1)2

d x—7} X2 —2x(x=7) -x"+14x -x +14
e —_— = = =

dx \ x? x* x* X3
; d (5x+4]:5(x+3)—1(5x+4): 11

dx \ x+3 (x+3)2 (x+3)2

d ( X ) 1(2x2—x)—(4x—1)x _oy?
g JE— = =

dx \ 2x* — X (2x* - x)2 (2x* - x)2
h d (x+4j:1(x—2)—1(x+4): -6

dx (x-2 (x—2)2 (x—2)2
i i[2x+7j:2(4x—3)—4(2x+7): ~34

dx \ 4x-3 (4x—3)2 (4x—3)2
j i(x+5J:1(3x+1)—3(x+5): -14

dx \ 3x+1 (3x+1)2 (3x+1)2
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4 a a (X = —4x>
dx

b i( X %) = -8x~°
dx

c d (2x%) = -6x7*
dx

d d (5x7') = —55x7*2
dx

e i X__g :__9)(’10
dx\| 5 5
1 1
C Jz :
X 2x2
1 3
O
X 4x4
d Y 32 3
h ™ X" |=oX T =—
X 7x7
] i 5X§ :E 7%:1_01
dx 3 3y
1 3
] d ZXZJ——lxz——1
dx 3
X2
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5 a d is :ix‘s_—Sx“"_—s5
dx \ x dx X

b a4 iﬁ :ix‘e_—6x‘7:_s>
dx \ x dx X

C — % :12x‘3_ 6x‘4__—46

dx \ x X X

d(x)_ 2 _=2
dx\3x?) dx{ 3 ) 3 3
o d(4) d(ax)_ 4x* 4
dx (5x) dx\ 5 ) 5  5x
d d (2 201
f e X]|=—— X2 =—X2=—
dx (\/») dx ( J 24/x
d d( ) 1.2 1
R X)|=—— XG :—XGZ—
J dx (\/») dx [ ] 6 65/ x°
S (ax)=2 PO e
dx dx 3 33/x2
d (srz\_ d [ 2) 2 2 2
i — (VX )|=—| X3 |==x 3=
dx( ) dx( 37 3¥x
d (= d(2) 52 5/
] dx(\/x_)_dx {X J_ZX 2
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6 a f(X) = i SO f’(X) = —1)(_2: __3' f!(4) — __1
X X 16

_x=5 o 2X(X+3)-1(x"-5) _x*+6x+5
° 909 = X+3 S0 g0 = (X +3)? © (x+3)?
- B _4—12+5=_
29" (x)( 2)_—(_2+3)2 3

c y = (2¥° + 3x - 5)(x* — x* + 8)

%=(4x+3)(x3—x2 + 8)+(3x* —2x)(2x* + 3x-5)

ﬂ =15x 26+ 21 x 22 =852
dX|,_s

d p(t) = 4t° —t~*

20: 4
L) = ot
PO =+

0@)= Duasdypr 80, 1 — 265 = 26.6770...
3 3 3 3x32
e h(y) =y~
h'(y) = -5y°

h'(1) =-5(2%) =-320
7 a y = x4(3x + 2)

dy _ 2x(3x+2)+3x’

dx
dy
At x=4, —=8x14+3x16=160
dx
b y:i
X
dy -1
dx x?
At x=3, d_y_—_l
dx 9
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_2x+1
)
ﬂ: -5
dx (x—2)2

AL(L-3), 2 =-5

Reasoning and communication

d(1 -2
8 a [=]==2
dx(xzj X3

The derivative is positive for x < 0.

d d } &
1— 1 >0

3Yx*
5/? >
Xt > L
X<--—L orx>-Lt
NAG NAG
d 24
c —(-6x*)=24x" ==
dx X
The derivative is positive for x > 0.
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q i( x+3j_—x2—6x—5_—(x+5)(x+1)
&x\x*-5)" (-5 (x-5)
2 2 . .
(x*~5)" is always positive
Consider the graph of y = —(x + 5)(x + 1)
il
34
il
1=x
y>0for-5<x<-1
.. The derivative is positive for -5 <x <-1.
d -3 4 3
e — (7)) = =X =——
dx( ) x*

x* > 0 for all values of x. x = 0
3. . .
v is always negative (or not defined at x = 0)

The derivative is never positive.
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9 dy_ 2X(3% — 2) + 3(x?)
dx

ﬂ —9x% —4x
dx

ﬂ:S then 5=9x2 — 4x
dx
9x% —4x-5=0
(x-1)(9x+5)=0

x=1 or x:—E
9

If x=1then y=1

If x = 3 then yzé(—ﬁ—zj :—E
9 81

M (L 1),N (-5,1£j
9’ 243

2x-1

X+3

ﬂ:(z(x+3)—1(2x—1)J

(x+3)2

10 y=
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x*—1

11 =
y X+3
dy 2x(x+3)-1(x*-1)
dx (x+3)2
ﬂ:x2+6x+1
dx (x+3)2
If x=2 ﬂ=4+12+1=£
dx 25 25
If x=2 y:g
75
y=mx+c
3 17
S=2(2
5 25( )+C
__ 19
25

Equation of tangent is y _1r X——

25
le. 25y-17x+19=0

19
25

12 C(x) = (x + 1)(0.04x* — 10x + 20)?

a C(20) = 21(0.04 x 20> 200 + 20)°
C(20) = $564 816
b i C'(X) = 1(0.04x* — 10x + 20)° {di(omxz — 10x+ 20)2}x(x+1)
X

C'(x) = (0.04x% - 10x + 20)? + 2(0.04x* — 10x + 20)(0.08x — 10) x (x + 1)

C'(20) = $84 755.20
i C'(50) = $376 960
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13 a Show that (x%—y%)(x%+x%y%+x%y%+y%)=x—y.

1 1 3 1 1 11 3
(X“—y“)(X4+XZy“+X4y2+y“)

1 3 11 1 1 3 1 3 11 1 1 3
:XA(XA +X2y4 +X4y2+y4)_y4(x4 +X2y4 +X4y2+y4)

3 X l 1 1 Z 3 1 1 1 2
:X+W+M+M—x;\ﬁ/—}by<—>ﬁ—y

Al

b Show that ixiz%x* .
dx

£(x) = lim

h—0

f(x+h)—f(x)
h

f) = x* and f(x+h)=(x+h)'

s

so f(x+h)-f(x)= (x+h)' - x*

(o gh) alub
Using (X y) (X%er%yhx%yﬂy%)

(x+h)-x

[ (x+h) +(x+h)

f(x+h)—f(x) =

1

1 1 3
X*+(x+h) x2+x4J

N

h
:[(x+h)%+(x+h)% x%+(x+h)% x%+x%J
f(x+h)—f(x) _ 1
h [(x+h)%+(x+h)% x%+(x+h)% x%+x%J
lim f(x+h)—f(x):Iim : 111 _
h=0 h h=0 [(x+h)1+(x+h)5 X+ (X+h)* X2+ X0

e

A (%)

1o
i X
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14 (X=X +xy+y) = X+ Xy +xy° =Xy —xy’ -y’

=y3_ y3
Show that the derivative of 3/; is 1 )
3/x?

f'(x)= LILTJ

f(x) = ¥x and f(x+h)=3x+h
so f(x+h)—f(x)= ¥x+h - ¥x

f(x+h)—f(x)
h

Using (x—y):%
({5 (5]

f(x+h)-f(x)= > >
ey () ()

_ X+h-x
[(M)Z(M)m(wﬂ
fx+m -0 _1 X+h-X

h " (3R + (35 e () |

:[(yxm)ﬁ(yxm)m(wﬂ

f(x+h)—f(x):Iim 1

lim

h-0 h h0 {(i/x+h)2+(s/x+h)$&+(€/;)2}
1 1

1

3¥x?

)=
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Concepts and techniques

1 m(x) = 3x + 3, g(x) = x4 p(x) = ¥/x and q(x) =x* + 4

a

g(m) = m’

m(x) = 3x + 3

g[m(x)] = g(3m + 3) = (3m + 3)> = 9m? + 18m + 9
m(g) =39 +3

9(x) = x*

m[g(x)] = m(3) = 3x* + 3

qIm()] = q(8x + 3) = (3x + 3)* + 4 = 9x* + 18x + 13
m[q(x)] = m(x* + 4) = 3(x* + 4) + 3=3x* + 15
pLa0)] = p(¢ + 4) = Ix° +4

qlp()] = a(¥/x) = (¥x) +4

mlp(x)] = m(¥x ) = 3¥x +3
m[p(8)1 =3%8+3=9

p[m(x)] = p(3x + 3) = ¥/3x+3
p[m(8)] = ¥/3x8+3= ¥27 =3
gla()] = g + 4) = (¢ + 4Y?
g[a(3)] = (9 + 4)*= 169

alg()] = q(x*) =x* + 4

a[g(3)] =81 +4=85
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2 a di(x+3)4: 4(x+3)°x1=4(x+3)°
X
b di (2x—1)° = 3(2x - 1)’ x 2 = 6(2x — 1)?
X
c di (5x% —4)" =7(5x* —4)® x10x = 70x(5x* — 4)°
X
d di (8x +3)° = 6(8x +3)° x8 = 48(8x +3)°
X
& di 1-x)° =5(1-x)*(-1) =-5(1-x)*
X
3 a di 3(5x+9)° = 27(5% +9)° x5 = 135(5x + 9)°
X
d 2
b — 2(x—4)" =4(x—4)x1=4x-16
dx
c d (2x° +3x)* =4(2x° +3x)* x(6X° +3)
dx

d di(x2+5x—l)8:8(x2+5x—1)7(2x+5)
X

& di (x® —2x? +3)° =12(x* —2x* +3)° (3x5 -~ 2x)
X
d > 1 - 3
4 a — (3x-1)2=—=(3x-1) 2x3=
dx ( ) 2( ) 24/3x-1
b di (4—x) 2 =-2(4—x)*x(-1)=2(4-x)"
X
c di (x*=9)° =-3(x* —9) " x(2x) =—6x(x* -9)™*
X
1 2
d di(5x+4)3=%(5x+4)3><5= > .
X 3(5x+4)°
d 3 2 2 3 3 2 - 2
e d—(x —7X +X)4:Z(X —T7X"+X) *x(3x"=14x+1) =
X
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5 a %\/3x+ :%(3x+4)2=%(3x+4) x3=——

2,/(3x+4)
b d _1 OI(5x 2)" =-1(5x-2) " x5= ™ >
dx 5x—2 dx (5x-2)
c iz;——(x +D) 7t =—4(x*+1)° ><2x—i
dx (x*+1)* dx (x* +1)°
2 1
d ;' 3/(7-3x)? _—(7 3x)3 = %(7—3x)3><(—3)= 2 r=3 2
(7-3x)3 -

ccljx _45+ —15(4+x) 25(4+ x)fgx1=

6 a ixz(x +1)°
dx
= 2X(X+1)* +3(x +1)* x1x x*

= X(x+1)*[2(x+1) +3x]
=X(x+1)*(5x+2)

b i4x(3x— 2)°
dx

=4(3x—2)° +5(3x —2)* x3x 4x
=4(3x—2)*(3x—2+15x)
=4(3x—2)"(18x-2)
=8(3x-2)*(9x-1)

c d 3x'(4-x)°
dx

=12x*(4—x)* +3(4—x)* (-1)3x*
=3x°(4-x)*[4(4-x)-3x]
=3x*(4—x)*(16-7x)
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d d (x+1)(2x+5)*
dx

=1(2x+5)* +4(2x +5)* x2x (x +1)
= (2x+5)°(2x+5+8x+8)
= (2x+5)(10x+13)

& d (x® +5x> =3)(x* +1)°
dx

= (3% +10x)(X* +1)° +5(x* +1)* x 2x x (x* +5x* - 3)
= x(x* +1)* [(3x +10) (x* +1) +10(x° + 5x° —3)]

= x(x* +1)* [(3x3 +10X? +3%+10) + (10x* + 50" —30)]
= x(x* +1)* (13x° + 60x” +3x - 20)

d (2x-9)°
dx 5x+1
_(2x-9)°

oSx+1
_ 3(2x-9)?2(5x+1)-5(2x - 9)°
- (5x+1)2
~ (2x-9)*(6(5x+1)-5(2x-9))
B (5x+1)°
_ (2x—9)*(30x+6-10x+45)
B (5x+1)°
(20x+51)(2x—-9)°

(5x+1)°
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d x-1
dx (7x+2)*

A(7x+2)" —4(Tx+2)*T(x~1)
(7x+2)®

_(Tx+2)°((Tx+2)-28(x-1))

B (7x+2)°

(7x+2)°(—21x+30)

- (7x+2)°

~3(10-7x)

C (Tx+2)°

d (Bx+4)°
dx (2x—5)°

_ 5(3x+4)*3(2x—5)° —3(2x—5)?2(3x + 4)°
(2x-5)°
3(3x+4)"(2x—~5)° [ 5(2x—5)' —2(3x+4) |
(2x—5)°
_ 3(3x+4)"(4x-33)
(2x-5)*

d 3x+1
dx Vx+1
1
3\/x+l—;(x+1) 2x1(3x+1)

(]

N P e R S

- (x+D) (BF szle

1 X[6(x+1)—(3x+1)}
2

:(x+1) VX+1

_ 3X+5
2 (x+1)3
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-

;(x—l)z x1x(2x-3) - 2x—1

(2x-3)°
1 2x—3
(23 X[zm_zmj

1 2Xx—3-4(x-1)

" (2x-3) X[ 24/x-1 }

{ ox+1 ]
2(2x-3)’Vx-1
8 a g(x) = (3x + 5)%(2x — 1)?
g'(x) = 3(3x + 5)23(2x — 1)*+ 2(2x — 1)2(3x + 5)°
= (3x + 5)°(2x — 1)[9(2x — 1) + 4(3x + 5)]
g'(x) = (3x + 5)(2x — 1)[30x + 11]
g'(-2) = (-1)%(-5)[-49] = 245

A2 -2t+1

b 0= "5

(t)= (6t —2)(4t -5)° - 3(4t—5)*4(3t" — 2t +1)
- (4t-5)°

(4t —5)? [(6t ~2)(4t-5)-12(3t* - 2t +1)]
- (4t—5)°

, 16x7-12(22 -152
fr(3)= 171222
(7) 2401
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¢ p)=Y@x 7 = (@x7);

0= (@x-7)° x4
p'(0.5) :%(2_7)5 x4=19.49
d  h@= @) (¥2z-3)
hi2) = 4(32 -1 x3(¥22-3) +§(22—3); «2(32-1)*

h(z) = 12(3z _1)3(m)2 L A@z-1*

3/2z-3
., 4-4)"
h'(-1) = 12(-4)*(¥-5) + = —2445.26
(-1) = 12(-4)°(¥-5) A
& m(x) = ;:(Bﬁ —2x-4)73
(3x* —2x—4)
m'(x)=-3(3x* —2x—4)™* (6x—2)
(1) = —3(-3)“4 = =
27
© Cengage Learning Australia 2014 ISBN 9780170254663
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Reasoning and communication
9 y=(2x-3)*

%:4(2x—3)sx2=8(2x—3)3

-8=8(2x-3)’
(2x-3) =-1
2x—3=-1
2X=2
x=1y=?y=1
Pointis (1, 1)
10  V=(1500t + 17t%)®
a V3o = 2.2 x 10* litres

b ‘ij—\tl = 3(1500t +17t7)" (1500 + 34t)

Att=5,

Oclj_\t/ =3(1500x5+17 x 25)? (1500 + 34 x 5) = 3.14x10" litres per minute

c At t =30,

Oclj_\t/ =3(1500x 30 +17x900)* (1500 + 34 x 30) = 2.75x10" litres per minute
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11 Giveng(x)= vx—4

a Xx-4>0s0x>4
1 - 1
b '(X)= =(x—4) 2x1=
¢ (x)= (=4 Fxl=o =
At x = 13 the gradient is q'(13) =%

C q(13) = v13-4=3

y=24c
6

At(13,3),3:%+c :c:%

The equation of the tangent at x =13 isy = —+

o | x

1
2NJa—-4

d Atx=a, q'(a)=

e A(a, ~/a—4), Gradient is “a—40—0: a-4
a— a

1
f =
y 2\Ja-4
Goes through (0,0)=c=0
Using A,

Ja-4 = a
2Ja-4

2@-4)=a
a=8
q(8)=v8-4=2
A(8, 2)

X+C
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12 For the function y = L+ 2

X+2

a ﬂ=—1(x+2)’2: -1 .
dx X+2)
Atx=-25
ﬂ:_—12:_4
dx (-25+2)

b Atx=-15
d@v__ 1 __
dx (-15+2)

c They are parallel.

d At x=-2.2, ﬂ: -25
dx

e At x =-1.8, ﬂ: -25

dx

f They are parallel.

g At x =-3, d_y =-1
dx

h At x =-1, gy =-1
dx

i They are parallel.

J X=-2=xKk
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13 y=(x+2, 50 Logx+ 2y
dx
At x =-3, gy =3
dx
The gradient of the normal is —%

Equation of the normal: y = —% +cC

Substitute the point (-3, -1) = -1 = —%3+ c=>c=-2

Therefore the normal passes through the point (0, —2) so has y-intercept —2.
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14 y=4x Points equidistant from the origin are (a, 4a°) and (-a, 4a%)

Q:SX

dx

Ifx =a, Q:Sa and if x = —a, ﬂ:—8a
dx dx

Slopes of the normals are

1 1
mL=—£ and mL=£

Equations of the normals are
y:—i+c and y=i+c
8a 8a
Use the points (a, 4a%) and (-a, 4a?) to find the c values:

42 =—2 4c and 4a?="2i¢
8a 8a

coda’ 4t coda’ 4+t
8 8

Equations of the normals are

y:—i+4az+1 and yzi+4a2+1
8 8a 8

8a
On the x-axis, y =0, so
X gk and X - _4a2-1
8a 8 8a 8
x=32a°+a and x=-32a°-a

These are equidistant distances from the origin on the x-axis.
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Concepts and techniques

‘ 1.2 I3 *Unsaved <

£ Edit Action Interactive

2.69972

0.049787

-0.125148

B3 | b | sime | B | v | A | v

el:5
4. 48168907
e—2
0.1353352832
260+ 3
2.699717615
1
93
0.04978706837
_3e-3.1
—-0.1351476072
15
a €7 =448

b e°=014

¢ 2%°=270
1

d  €=005

e 3e'= 0,14
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2
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TI-Nspire CAS

*Unsaved <=

...... ‘//1 \\— ' 5
10 1 10
_Z £2(x)=e™
L B(X)='e X
'16.67 r
ClassPad
& Edit Zoom Analysis

Sheet1 [Sheet2 |Sheet3 |Sheetd [Sheet5 |
Drig.0t D
M y2=¢~% = .
M y3=—e~X =

[ ]v4:0

NHY

[Jv6:0 v |

Deg Real [
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. J'I II.'

1/f1x =26

o TR

4 ILJ.-

4 II-J.-

=
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dy _
y:eX’ SO dx

X

e

At (1,e), dy =e
dx

X dy X
=€e,S0 —=¢
y dx

At x = 0.58, % =e%® =1.79 (2dp)
X

X dy X
=€e,S0 —=¢
y dx

At (—1,3), ﬂ:e’1
e) dx

Equation of tangent isy = e x + ¢

Substitute (—1, 1) to findc
e

. The equation of the tangent is y = 5+3
e e

d 9e* = 9¢*
dx

d X X
_ _e = —e
i (-€)

i(eX +x%) = e* + 2x

dx

0%(2x3—3x2 +5x — ) = 6x°— 6x + 5 — &
X

9 (e + 1) =3¢ (¢ + 1
dx

a4 (5-¢°=9(5 - e")¥(-e*) = -9 *(5 — ¢)®
dx
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g di(ZeX —3)% = 6(2e* — 3)°(2e*) = 12¢*(2e* - 3)°
X

h di (€ +x)* =4 + x)°(e* + 1)
X
5 a 4 g9= g
dx
b ie2x—1_2e2x—l
dx
c diZe“X: 2x4x e = ge™
X
d L lopedd
dx
e di p2x°-3x3+x-3 _ (10X4 _9y? +1)(;J,2x5—3x3+x—3
X
6 a dixeX =Ixe*+ex=¢e" +xe* = e (1 + X)
X

b di(ZX +3)e" = 2e* + e(2x + 3) = (2x + 5)¢*
X

d

C ™ 5x’e* =15x%e” +e"5x> =5(3+ x) x’e”

d % 2xe™ =2 +3e>2x =2(1+3x)e™
d 2X 2 2X 2 2X 2 2X
- 2)=2 2 2X+1 =(2 4x+5

e dxe (x + X+ ) e (x + X+ )+( x+1)e ( X +4X+ )e

d et e*x? _ 2xe* _(x2—2x)eX _(x —2)eX
2

7 = = =
2 dx x x* x* X3
6x 6x _ nabx 18x -3 6x 6x —1 6x
b d e 6e™3x —3e :( X )e :(x Je
dx 3x 9x? 9x? 3x?
d 26 106% x5¢ -15x°2¢  (50x° ~30x")e™ 2(5x -3)e™
C R = = =
dx 5x° 25x° 25x° 5x*
q d x-1 1xe*—e*(x-1) (2-x)e* (2-x)
dx e* - e2X - e2x - X
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d e +1 e*e” — 28> (eX +1) e [ex — 2(6‘X +l)] —(eX + 2)

€ dx er - e4x = e4x = e2x
8 a gw=°—%
e*+1
=]
exx/ex+1—£(ex+l)7ex(ex—4)
9'(x) = 2
e*+1
X X_4
= Xe e +1— (e )
e +1_ 2\e* +1

e*+1
G (eX + 6)
2 (ex+1)3
9= - e’(e’+6)
) 2/(e° +1)°
g'(3) =2.71 (2 dp)
b y=e*( - 3x +5)

D — 467 — 3+ 5) + (3¢ - 3)e™

dx

= ™43+ 3= 12x + 17)
ﬂ =7
dX x=-1

o (-4+3+12+17)
dx
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xe* +5

¢ fx=2E
X2 +e
00 = (e% +3xe”)(x’ +e)—2(2x)(xe3X +5)
(x*+e)
£(2) = 348.4 (1 dp)
d h(x) = 5x%* + e

h'(x) = 10xe®+3 e¥5x? + ¢*
h'(2) = 20e°+3 %20 + ¢
h'(2) = 80e° + e? = 32 281.69

X2 —x—6

e y = 5e

W 5ox - )¢
dx

Atx=1, dy_ 5¢° =0.012
dx

At x =3, d—:25e°=25
dx

Reasoning and communication
9 Lety=xe™ !

Y gy g1y iy = e” 11 + 2x)

x = 2, for %: 5e°

5e3 = e 1(1 + 2x)

We have 3 = 2x — 1 (equating the power of e) and 1 + 2x = 5 (equating the coefficients).
Both give x = 2.
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10 p(x) = e™+ 3x
p2) =e*+6= (2, e%+6)
p'(x) = ke +3
p'(2) = ke * + 3 = gradient of the tangent is —ke % + 3 at x = 2
Equation of the tangent:
y = (ke
Using (2, e % + 6)

+3)x+cC

e +6=(-ke?+23)2 (c =0, as passing through the origin)
e +6=-2ke®+6

—2k = 1 (equating coefficients)

k=-2
2
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Reasoning and communication

1 N = 175¢%%%
a i t=0, 50N =175¢° = 175 cases
ii t=1,s0 N = 175¢%% = 186 cases
i t=6,s0N=175e"%2*% =254 cases
iv  t=26,50N=175e"%2"% =877 cases

dN

E = 175x0.062e%%% =10.85 x %%

i t=1, ?j—':l =11.54 cases per week

I t=6, Z—T =15.74 cases per week

ii t =26, Z—T =54.39 cases per week

2 S = 180"
a So= 180e° = 180 sales
b S14= 180e%1?* 14 = 965.80... sales

c z—f = 180x0.12e**" sales per day

Att =14, Z—? = 180x0.12e***** =115.89... sales per day

d Att =42, z—f = 180x0.12e%"*** =3336.55... sales per day
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3 N = 1100
A study of swans in an area of Western Australia showed that the numbers were

gradually increasing, with the number of swans N over t months given by N = 1100e*%%",
a No = 1100e° = 1100
b i Ns = 1100e%%%°*° = 1246 swans

i N1z = 1100e*%%°**? = 1485 swans

i Ngg=1100e%%°"% = 2706 swans

C Z—':' = 1100x 0.025¢%%*

i Att=0, (jj—l:l = 1100x0.025¢° = 27.5 i.e. 27 or 28

I Att=5, Z—I:I = 1100x0.025e°%**° = 31

ii Att=12, %—T = 1100x0.025¢°%**** = 37

4 M = 200e %
a Mo = 200e° = 200 grams
b i Ms = 200e %2> = 188.35 grams
ii Mao = 200e7%%42*20 = 157,33 grams

iii Migo = 20067022 %1% = §0.24 grams

c M _ 200 (-0.012)e™*
dt
d_M — _2-4e—0.012t
dt
dm

i Att=5, o —2.4e7%%5= _2 26, i.e. decaying 2.26 grams per year

i At t = 20, dd_l\t/l = 2.4 =_1.89, i.e. decaying 1.89 grams per year

iii At t =100, dd—l\t/l = 2.4 0%*1% = _0.72, i.e. decaying 0.72 grams

per year

© Cengage Learning Australia 2014 ISBN 9780170254663 34



5

A = 120 000g 2033

a

‘ij—':' =0.29N = N = Ae®®®

a

i Ago= 120 000e™%9%3*10 = 86 271 hectares
ii Aos = 120 000e 9% %25 = 52 588 hectares
iii Aso = 120 000679350 = 23 046 hectares

dd—'\t" —120000x(-0.033) e 2%

M _ _3960¢ 0o
dt

i Att=2, dd—l\t/l =-3960e %% = 3707

i.e. decreasing at 3707 hectares per year

i Att =15, CL—'\:I = —3960e °®**° = _2414 hectares per year

i.e. decreasing at 2414 hectares per year

iii At t = 40, dd_l\t/l = —3960e %%’ = 1058 hectares per year

i.e. decreasing at 1058 hectares per year

No = 90 000
. N =90 000e%%*
Ng = 90 000e%% *® = 512 761 bacteria

dd—l:l =90000x0.29e"*"

N =26100e"*"

dt

Att=6, Z—T = 26100e*?*® =148 701 bacteria per hour

Att =10, %—T =26 100e*#%° = 474 345 bacteria per hour
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(:TT: ~0.008R => R =Ae™*%*

a Ro = 43 cm = R = 43¢70-0%t

b i t=10, R = 43¢7%%%>10 =397 cm
ii t=30, R =43¢%%*¥ =338 cm
i t=100, R =43e00%*10 =193 ¢m
drR _

c —=-0.008R
dt
. drR .
i t =10, E: —0.32 so decreasing at 0.32 cm per year
.. drR .
i t =30, E: —0.27 so decreasing at 0.27 cm per year
drR .
i t =100, E: —0.15 so decreasing at 0.15 cm per year
P = P0e0.024t
a Po

b Ps = Poe”%%® = Py(1.154 884)
Increase is 15.5%

c ?TT =0.024, Poe®%?* = 0.024P

Q — Qoe—0.07t

The formula for the decay of a radioactive substance over t years is given
by Q = Qe
a i t =2 years, Q = Qu(e %% *?) = Qy(0.8693...) so about 87% left
ii t = 10 years, Q = Qo(e " *1%) = Qy(0.4965...) so about 49.7% left
iii t = 20 years, Q = Qo(e "% *?%) = Qy(0.2465...) so about 24.7% left
b 0.5Qo= Qoe *" t="?
05= e—0.07t

t =9.9021... years i.e. the half-life is about 10 years
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10 a y = e

P
dx

AtM (2, &%, Y _ gt
dx

Equation of the tangent at M:
y=2ex+c

Using M (2, %), e* = 2¢%(2) + c = c = e* — 4e* = —3¢*

y = 2e*x — 3¢*
e4
N (1%,0)
4
c A= 1x(2—1%)Xe4:%
4
o B
M2. )

/}: 1300 P2.0)
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11 P=100+2¢*
a Py =102
b i Ps = 100 + 2e%**° = 112 waterbirds
i Pas = 100 + 2e%%* % = 2779 waterbirds

C dap =0.6e%*

dt

d i Att=6, Z—I: =0.6e">® = 4 waterbirds per month

i Att =24, C;—T = 0.6e"¥** = 804 waterbirds per month

12 N = Ny e!?
a No = 30 000 bacteria
b Ns = 30 000 e'?*° =12 102 864

C %—':' =30000x1.2e**

i Att =5 hours, %—T =30000x1.2e"*° =14523427 bacteria per hour

i Att =12 hours, %—T =30000x1.2e"*** =6.459x10" bacteria per hour

iii At 't = 24 hours, Z—T =30000x1.2e"** =1.159x 10" bacteria per hour
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Concepts and techniques
d : _
1 a —[x+sin (x)] =1 + cos (x)
dx
d o o
b —[6 sin (x)] = 6 cos (X)
dx
d . _
c —sin (6x) = 6 cos (6x)
dx
d 9 sin (x* = 3) = 2x cos (X* — 3)
dx
d . (xj 4 [xj
e —45sin| — | =—cos| —
dx 3 3 3
2 a % [sin (x) + 9]° = 6[sin (X) + 9]°cos x = 6 cos(X)[sin(x) + 9T°

b %[xsin (x)] =1xsin (x) +[cos (x)] x =sin (x) + x cos (x)

c isin (€") = €* cos (€)
dx

q i{sin(Zx)} _2c0s(2x) x5x* —10xsin(2x) _ 2xcos(2x) —2sin(2x)
dx| 5x° 25x* 5x°

e iesin (x) — COS(X) esin (x)
dx
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y =sin (x)

dy

— = cos(x

5 = c0s(X)

At the point where x = =, dy _ cos(ﬁj _1
3 dx 3 2

y = 3 sin (4x)

Yy =12c0s (4x)
dx

At the point l,i , ﬂ=12005 4[1j=1ZCos(EJ
16'\2 )" dx 16 4

£(x) = sin (x)
f'(x)=cos(x)

At the point (37“,—1) Yy = cos(g—nj =0

dx 2

y =X+ sin (x)

dy

— =1+co0s( X

™ (%)

At the point where x = E, ﬂ:1+cos(£j:1+£
6 dx 6 2

sin (X
ELICY
X

dy _ xcos (x)—1xsin (x) _ xcos (x) —sin (X)
dx X2 X2
dy 0-1 4

At the point where x = E,

2 EI_(njz e
2
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4 a i[2 + cos (X)] =—sin (x)
dx
d B .
b —[3 cos (x)] =-3sin (x)
dx
d B .
c —c0s (5x) = -5 sin (5x)
dx
d dicos (3% + 1) = —6x sin (3x* + 1)
X
e —2¢C0S | — |=-sin| —
dx 2 2

5 a % [4x + cos (X)I° = 3[4x + cos (x)]°[4 — sin (x)] =3[4 - sin (x)] [4x + cos ()]°

b d [x cos (x)] = cos (x) — x sin (X)
dx
c %cos (€*) = —[sin (e¥)]3e* = =3e¥[sin ()]
q d | cos(x) | 3x(=sinx)-3cos(x) —x(sinx)-cos(x)
dx| 3x | 9x? B 3x?
e %cos [sin (x)] = —sin [sin (x)] x cos (X)
d _
6 a &tan x) = —cosz(x)
d _ 6
b &[x +6tan (X)] =1+ p—" (x)
d _ 9
c &tan (9%) _—cosz(gx)
d 1w
d &Stan (4x) _—cosz(4x)
e d [tan (x) - 1]° = 5[tan (x) — 1]* ! . 5 tan(x)-1]
dx cos?(X) cos? (X)
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2

9 2 tan (x) = 2x tan (x) +
dx

cos®(x)
%—tan(zx)

d fan(2x) _ cos®(2x) _ 2 _ tan(2x)
dx X G xcos?(2x)  x°
d etan(x)_ etan(x)
dx cos®(x)
itan [cos (X)] = ;SL(X)
dx cos” [ cos(x) |

X

ez —e*tan(x)
itan(x)_cos (x) B 1 _tan(x)
dx e* g2X eX cosz(x) e*

% e sin (x) = 262X sin (x) +[e2X cos(x)} = e?[2sin (x) + cos (¥)]

Atx = 0.5, di e?X sin (x) = e[2sin (0.5) + cos (0.5)]
X

d X2

R 2 —
dx[ tan (x)} 2x tan(x) + 05700

At x =

~la

9 cog? (x) = 2cos (X)[-sin (x)]
dx

At x = %,%cosz (x) =2COS£%) {—sin(ﬁﬂ = 2x1x{—£]:—£

3 2 2 2

d cos(e’) ~—e*sin(e*)xe* —e*xcos(e*) | e*sin(e”)+cos(e”)
dx ex e2x ex

Atx=1, da cos (e”) ={esin(e)ﬂ:os(e)}
e

dx eX
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e %[xscos (xz)}:szcos (xz)—Zx[Sin (XZ)JXX3
= x> {3cos (xz)—2x2 [sin (xz)}}
Atx=e, %[xscos (xz)}:e2 {3cos (ez)—Ze2 [sin (ezﬂ}

9 a p(x) = x*sin (x) — X cos (X)
p’ (X) = [2x sin (x) + x? cos (X)] — [cos (X) — X sin (X)]

p’ (X) = 3xsin (x) + X cos (X) — ¢cos (X)
p’ Egj =3x (%jsin (%) + (%)2 cos (%) —Cos (%)
_ 3x[£)(l)+ﬁx[£)_£
6/)\2) 36 2 2

T
—+
4 72 2

*Unsaved <=

[~
Define p(x)=x2 - sin(x)—x- cos(x) Done &

Definepf(x)=£(p(x)) Done

R Y

6

0.156799

-

2 4 2

P Decimal

(nz-ﬁ x >
7

K

& Edit Action Interactive
61 | b | 10 sime | 1250 | ¥

Define p(x) =xZ.gin (x)—x+cos (x)
done

Define pl(x)=-L (p(x))
dx

done

pl(E)

0.1567985412
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y = /cos(x)

—sin(x)

1 Flesin()] = —ms
x2S [sin0]=2 20

dx

=-0.269

| 1.2 g *Unsaved —

Def Ele ]‘(x)=\l cosai Done
Define f7 (x)= di (;‘(x)) Done
X

# Edit Action Interactive

[ex] o s [+ [

Define f(x)=Vcos(x)

done
Define f1(x)=-9-(f(x))
dx
done
fl(x)
__0.5-sin(x)

(cos(x))0-9
__0.5-sin(xn/6)
tcos(x/6))0-5
-0.268642483
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Reasoning and communication

10 y:tan(x):ﬂ: 1
dx cos“(x)
-
cos“(x)
cosz(x)=1
1
cos(x)=t—
(x) >
x=+T 430 5n
4 4 4
2n+1
x:in( ) where n is any whole number.

11 a x =2 sin (3t)

Greatest displacement from the centre is 2 cm.

b x=0,s02sin(3t)=0

3t=0, &, 2%, 37,.....
t=0, E, E, T, ...
3 3

nn
t =—"for n any whole number

dx
C — =6c0s (3t
m (3t)

Att== seconds, % =6 C0S 3(£j =0 cm per sec
6 dt 6
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dx
— =6c0s (3t
m (3t)

2

~ |~
| Ka
A~
|~
SASi|
| o
et
ey | DO
IS
~,|E’1
=
/
e

O PNWAOO
A
N
A
\j

B¢
v
N
A

Y

5 N\ / N\

-J

-6

6 cos (3t)=+3,t="

cos (3t)=0.5 or cos (3t) =-0.5

3t:E,5—,.... or 3tzﬁ,4—n,...
3 3 3 3

t=2 2 or t= 21 4n
9 9 9 9

First three times are —, % ,

©ol|3a

12 V =sin (2t) + 3t + 1 mm/s.

a

At seconds, V =sin Tle3] | +1=23mmis.
12 6 12
a= (1'—\:22008(2'[)+3

Att=" seconds, IV — 2c032(£j+3 —0+3=3mm/s2.
4 dt 4

The minimum value of 2 cos (2t) is -2.
Therefore minimum accelerationis-2+3=1

Therefore the acceleration of the string is never 0.
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Reasoning and communication

1 y=3sin (x) - 2

y
1

' 1 ' ' 1
(6] B w N =

Ify =0, then sin (x) = %

X =0.72973

Yy =3c0s(X)
dx

Gradient at x =0.72973 is 3 cos (0.72973) = 2.23607
0 =tan " (2.23607)
0=1.15°
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2

sin (x) = cos (x) at x :g

. dy
=sin (X) s0 ==
y =sin (X) ™ cos(x)

.
PN

BN

X

e

A=
b

Atx== , the gradient of y = sin (X) is cos (Ej Le. 1
4 4 2
The angle made with the positive x-axis is 6 = tan ™ (%} =0.6155°

dy )
=¢c0s (X) S0 —==—
y (x) » sin(x)

At X :% , the gradient of y = cos (X) is —sin (%) ie. L

J2

The angle made with the negative x-axis is 6 = tan™* (—LJ =0.6155°

V2

The angle between the curves is 2 x 0.6155° = 1.23°to 2 dp
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3 sin (3x) = cos (3x) at tan (3x) =1

3x:£,sox:l
4 12

N
S

N

Y

- x - X
12 12 6
. dy
y =sin (3x), so —— =3c0s(3x)
dx
At x :i, the gradient of y = sin (3x) is 3 cos(zj Le. 3
12 4 2
The angle made with the positive x-axis is 0 = tan* [%) =1.3803°

y = cos (31), 50 - = ~3sin(3x)
X

At X :%, the gradient of y = cos (3x) is —3sin (gj ie. 3

N

The angle made with the negative x-axis is 6 = tan ™ (—ij =1.3803°

J2

The angle between the curves is 2 x 1.3803° = 2.26°to 2 dp or the acute angle is 0.88°.
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b The difference in radius between the x and y directions is 1 cm.

c y = 3 cos (%Xj

ﬂ = —3—nsin(n—xj
4

dx 4
At X=—2, ﬂ:—s—nsin __TE =3_TE
dx 4 2 4
3n
tan(0)=—
(0)==
0=1.17

sotheangleis 2.34 radians (top and bottom)
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L |
B'}_ T

70 S / H‘\

°1  / \

30 -
20 /
104/

50m

y =80 sin (%j o) ﬂ=80xlcos(n—xj = ncos(n—xj

At x = 0, the gradient of y = 80 sin (%j is mcos(0) ie. m

The angle made with the positive x-axis is 0 = tan™ (r) =1.2626°

y =30 sin (n_xj o) Yy = 30x£cos(n—xj = 3—ncos(n—xj
80 dx 80 80 8 80

At x = 0, the gradient of y = 30 sin (%j is %ncos(o) i.e. %ﬂ

The angle made with the positive x-axis is 6 = tan™ (%nj =0.8670°

The angle between the curves is 1.2626° — 0.8670 © = 0.396° to 3 dp.
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y=sin (x) = ﬂ =0s (X)
dx

At the point (E EJ dy _ cog(£)=£
6 2/ dx 6 2
1). 3
Equation of the tangent at r= isy=—X
| 0 (6 2) y 2

Substitute (E,lj to getc
6 2

SRETI e

2 21\6 12
y= Py 1 8
2 2 12
y =-2sin (ij = d—y:—cos(—j
2 dx
y T 1
Where x = — = —CO0S| = |=——=
o li
1fx= L1 theny-_—z——\/E
2’ 72
. T
e | =,—2
o
Equation of the tangent where x = g
y——ix+c
V2
Substitute (g,—ﬁj to get ¢
1
—ﬁz(——j e c=—2+——
V2)2 242
y——ix— 2+
V2 242
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y =cos (X) = ﬂ =-sin (X)
dx

At the point E,ﬁ , dy _ _gin(ﬁjz_l
6 6 2

2 dx
Equation of the tangent at (g?}
gl
2 2 6

12y - 6+/3 =—6x + =
6X + 12y —6+/3 —=0

y =sin (2x) = % =2 C0S (2x)
X

At the point (lij a_, cog(ﬁj =£
12 2) dx 6 2

Equation of the tangent at i,i
12 2

24y —12 = 12\/3x- /3 x
12/3x-24y +12- 37 =0
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y =tan (3x) = d_y: 3

dx cos?(3x)

- dy 3
At the point ﬂ,l , —=
point .1 6

Equation of the tangent at (%1

N—

y=6x+c

Substitute (1,1}0 getc
12
1=6x—+c=c=1-—

12

s
=6Xx+1-—
¢ 2

=3 5 |=v=-Jan[ 3]
X=3C0S|—|=>Vv=—=sin| —
2 2 2
o3
a=-—cos| —
4 2
0=3C05(£j
2

£n3n5n7n

2 2'2'2"'2""
t=m, 3w, 57......

3. (= 3
V,=—=sin| = |[=——

2 2 2
V. ———sin(3—n]—§
3n 2 2

5t 3

Vg, =——Sin > )73 and so on

0 and so on

g
3
|
|
|
o
o
w
VR
N|§°
N
Il
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3 t
a=-—Cos| —
)

Greatest acceleration when cos G] =-1

i.e. % =x,3m,5m, 7m....

St =27,6m,10m,14r....

v =1.26 sin (2xt)

a=1.26 x 2z cos (2xt)

a = 2.52xn cos (2nxt)

vs= 1.26 sin 2z x 5) =0 m/s

as = 2.527 cos (2n x 5) = 7.92 m/s*
Ifv=-1.26,a="?

v =-1.26 when 2nt = 1.5, 3.57, etc.
a=2.52n cos (1.5n), etc =0

a=0
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9 d =do— 0.9 cos (0.503t)
y

dﬂ_,__:—-/_———_-\-‘ﬂ
12345678910X

Lowtideatt=0

d =dy,—0.9 cos (0.503t)

% — 0+0.9x0.503sin (0.503t)

% — 0.4527sin (0.503t)

Att=2, %z 0.38 m/hr which is equivalent to 0.64 cm/min.

Mudflat slopes up at 2°.

ED
I)_'YJ\/-/A]Q
h

h
tan (2°) = —
(2°) q
_d dh _ 1 dd
h= , S0 — = —
tan(2°) dt  tan(2°) dt
_ 0.45275in(0.503t) ~10.95 mfh = 1OO><1O.95z 18 cm/min
tan (2°) 60
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10 a x =2 sin (3t)
v =6 cos (3t)
= —18 sin (3t)
= -9[2 sin (3t)]
soa=-9x
b X = a cos (nt)
v = —an sin (nt)
a = —an®cos (nt)
= —n?[a cos (nt)]

. a=-n’x
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Multiple choice

1 B di(3x2—5x+2)(x4+3x3+x—6)
X

= (6x - 5) (x* + 3% + x — 6) + (4x°+ 9x* + 1)(3x* — 5x + 2)
= 18x° + 20x* — 52 + 27x% — 46x + 32

) 5 i(2x+1j:2(3x—2)—3(2x+1): 7
dx (3x—-2 (3x—2)2 (3x—2)2
3 D i(i):—4x‘5:_—4
dx \ x* x®

4 C g(x) = (® - 3x +1)°
g'(x) = 30 — 3x + 1)%(3x* = 3) = 9(x* — 1) (x° — 3x + 1)

g'(-2)=27

5 E y=e*= Yoo
dx

At x =15, L =40.2
X

6 D y=4sin(e) +2 = % = 4e’cos(e”)
X

L] 4e*cos(e?) =13.25
dx|,_,

© Cengage Learning Australia 2014 ISBN 9780170254663

58



7 B y = cos (3X) = %:—SSin(fSX)
X

At the point where x = E, ﬂ =-3sin (Ej = _% and y = cos (Ej =
9 dx 3 2 3
Equation of tangent: y :—¥x+c

Substitute the point (E,EJ
9 2

1 3\/§ T
—=- X—+C
2 2 9
ool B
2 6

3W3 1 3

y =———X+—+——
2 2 6

6y = —9/3x+3++/3n
Qﬁx+6y—3—\@n:0

Short answer
8 a dix5(3x2 + 2x — 5) = 5x*(3x% + 2x — 5) + X°(6x + 2)
X
=21x% + 12x° — 25x*
b di 0+ 1)0C —4x—1) = 2x(C - 4x - 1) + (3% = 4) (X* + 1)
X

=5x*—9x* - 2x -4

9 d ( 5X3 ] 15X2 (2X+1)—2(5X3) 20X3 +15X2
a. b = =
dx { 2x+1 (2x+1)° (2x+1)°
b i(XZ+X—2j:(2X+1)(4X—3)—4(X2+X—2):4X2—6x+5
dx | 4x-3 (4x—3)2 (4x—3)2
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10

11

12

13

© Cengage Learning Australia 2014

9 [3¢(x + 2)7
dx

OIi(zx —7)°=5x2x(2x-7)*=10(2x - 7)*

X

OIie;(zx3 +x2 = 3)* = 24x(2x% + X2 - 3)3(3x + 1)
X

OIi(x5 + 1) = =30 + 1)7*(5x") = —15x*(x*> + 1)™
X

Ix— :%(x—l)s2 _

33(x-1)°

= 6x(x + 2) + 8(x + 2)"3x?
= 3x(x + 2)"[2(x+2) +8x]
= 6x(5x + 2) (x + 2)’
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d  3x®  ex(5x-1)* - 20(5x-1)*3x*
dx (5x —1)* (5x —1)®

(5x —1)3 [6x(5x -1)- 60X2}
(5x —1)8
(30x2 —6x—60x2)
(5x-1)°

(—6x—30x2)

(5x -1)°
_ —6x(1+5x)

(5x-1)°

14 a Giveny = €* then % =e* at the point (3, €°) is €.
X

b y=3e"= dy_ 3e* so at the point where x = -2, dy_ 3e7?
dx dx

Equation of tangent y = 3e7%x + c.
Substitute (-2, 3e7), 3¢ =—6e %+ ¢ = ¢ = 9e™?
Equation of tangent y = 3e7%x + 9¢™?
or 3x — e?y + 9 = 0 (by multiplying by €?)
15 a %(x2+ 2¢* ) = 2x+2¢*

b 9 gor = geox
dx

c i(eX —3)°=9¢e*(e* - 3)®
dx

d 12e4x+1:8e4x+1
dx
d X =X\ — X —X
e —(E"+te)=(e"-¢e")
dx
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16 a di(4x + 3)e? = 4e®™ + 2e%(4x + 3) = 2e¥(4x + 5)
X

d e 3 (x-4)-1xe®* e¥(3x-13)

b - = =
dx x—4 (X_4)2 (X_4)2
17 a N = 1000e***" = Ny = 1000e° = 1000
b i Ns = 1000e*%*° = 4 221
i N4 = 1000e*%*# = 317 348
d

c N = 1000e%?* = d’:' =1000 x 0.24e%2% = 240224

i =6, (:TT 240e%24¢ —1013

i Att =24, ‘L—':' = 240e%?%?* ~ 76 164

18 a i T, =75e%1°*2 = 5@°
i Ts = 75701 = 35°

b N _ss, (-0.15)e™01%
dt
AN _ _yg pme-o1st

i At t = 2 minutes,

N 1725001552 _ g 330 e decreases at 8.33° per minute

i At t = 5 minutes,

dd':I ~11.2570155 = _531° je. decreases at 5.31° per minute
19 ‘ZQ 0.04Q = Q = Qe®™
a The formula for the increase in salt over t weeks is given by Q = 375e%%*.

b At 't = 6 weeks, Q = 375e”%**® = 477 grams

c c:j? 0.04Q = At t = 6 weeks, Z—? =0.04 x 477 = 19 grams per week
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20

21

22

i[3 sin (x) + 1] =3 cos (X)

dx

9 rsin (5x)] = 5 cos (5x)

dx

%x sin (2x) = sin (2x) + 2x cos (2x)

% [3x —sin (X)]” = 7[3 = cos ()] [3x - sin (X)]°
9 sin (x* + 1) = 3x°cos (x° + 1)

dx

d (xj 1. (x]

—C0S | = |=—=sin| =

dx 3 3 3

%ex cos (x) = e* cos (x) —e” sin (x) = €* [cos (X) —sin (X)]
% [2 + cos (3X)]° = =15 sin (3x)[2 + cos (3x)]*
icos (nx) = —m sin (nx)

dx

9 cog? (x) = =2 sin () cos (X)
dx

i6 tan (x) = +
dx cos” (x)
itan (3x) = 23

dx cos“(3x)

d X ) _ i
ax (?j N
X 50032( J

3
9 tan (2x) = 3x*tan (2x) +22L
dx cos“(2x)

> —1xtan(x)
d fan(x) _ cos”(x) 1 tan(x)
dx x x2 xcos2(x) X2
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Application

23 Q=Qee"
dQ

b, k ekt
ot Qp x k x

= k(Qoekt)

. dQ _
' dt_kQ

24 a y =tan (x)

o 1
dx  cos?(x)

At the point (%1} Yy = #:2

dx 2 (th
Cos™ | —
4

Equation of the tangenty = 2x + ¢

E,l  Yy=2x+c=1=2 T +c=c=1-TF

T
=2X+1-—
y 2

b A(E—l,oj, B(o,l—ﬂj
4 2 2
1(nm 1 i 1 1
c AAZE(Z—Ej(l—E]=E(n—2)(n—2)=E(n—2)
25 a X =6sin (t) = x5 =6 sin (5) =-5.8 cm

b ifx=0,0=6sin(t)

t=0,x, 2m, 3, ...

i.e. t = nmt, where n is any whole number.

c vV =6 cos (t) = v3=6 cos (3) =-5.94 cm per sec
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3
2 4
1 -

b dy_ —2x£sin(n—xj
dx 4 4

X

At X = 6, ﬂ: —2x£sin[i3)J = —E(—l)
d 4 2

tan (0) = g

6 = 57.52°
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