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Differentiate with respect to x:
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Differentiate with respect to x
(using the chain rule on the first term):
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30 Jo+x+)y'=0

(xy)’ +x+y* =0

1 1 dy dy

— N x—+y [+1+2y—=0
5 () [ i yj i
Multiply both sides by 2\/5 :
(x%+yj+2 xy+4y\/5%2

d

(x+4y\/5)—y=—2@—y

.dy _2fw-y
x+4y\/7

4 x> +3x°-y'=9

Differentiate with respect to x:
dy > » dy
2x+|3xx2y—+y x3|-3 =0
( y dr y J y dr
Substitute x =2 and y =1 to give
4+(12d—y+3j—3d—y: 0
dx dx

oY _
dx
y__7
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. gradient of the tangent at (2, 1) is —%
Equation of the tangent is
(y-D=-35(x-2)

y=—5x+3

or 7x+9y-23=0

(x+y) =x>+y
Difterentiate with respect to x:

dy dy
3(x+ Y)Y |1+ |=2x+—
(x y)( dxj * dx

Substitute x =1 and y = 0 to give
3(1 +QJ =2 +d—y
dx

dx
P SRR
dx dx 2

.. gradient of the normal at (1, 0) is 2.
Equation of the normal is
y-0=2(x-1)

or y=2x-2

Diftferentiate with respect to x:

218y Y _6-16Y —
dx dx
s 16 6oy
dc  dx

dy
8y-16)—=6-2
8y )] x

dy ~ 6-2x
dr  8y-16
For zero gradient:
6-2x
8y—16
6-2x=0
x=3

Substitute x =3 into the equation of the
curve to give

9+4y* ~18-16y+21=0

4y* ~16y+12=0

Y —4y+3=0

(y-D(»y-3)=0
y=lor3

.". the coordinates of the points of zero
gradient are (3, 1) and (3, 3).

7 2x*+3)" —x+6xy+5=0

axr6y Y 1+6( j
dx
(6y+6x)ay—1 6y —4x
dy 1-6y-4x
dx  6(x+y)

When x=1and y =-2,

dy _1-6(=2)-4_ 3

& 6(1-2) 2
Equation of tangent at (1, —2) is
-(-2)==3(x-D)
2y+4=-3x+3
3x+2y+1=0
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dy

8 3 =y-2xy b At stationary points e 0

3xln3=d—y—2(xd—y+yj
dx dx

c9sx =0 when cosx=0

dy s y
3 In3+2y=(1-2x)— -

dx .. x==x— (in the interval — 1t < x <)
dy 3" In3+2y 2
dx 1-2x Whenx:E, I+cosy=0.5
Substitute x =2 and y = —3 to give 2
Q=3zlnj=2_3ln3 cosy=-0.5 = y:iz?n
dx 1-4

Whenx:—E, —l+cosy=0.5
9 In(y’)=4xIn(x-1) 2

2Iny =1xIn(x-1) cos y=1.5 = no solutions

2dy - l[( XX Lj +1In(x— 1)} Therefore the stationary points are
ydvo 2L el (E 2_WJ and (E _2_’IJ
Q:Z L+ln(x—l) 2 3 2 3
dx 4\(x-1
wh , 11a ye™* -3x=)’
enx =4, e 5 d d
the equation of the curve gives y(=3e™)+e” Ey -3= 2)’5)/

In(»*)=2In3=In9= »*=9

—3x dy _ _3x
. y=3 (because y > 0) (e —2y)a—3(ye +1)

—3x
Hence Qzé(ﬂ+ln3jzl+éln3 Q:M
dx 4\3 4 dx e -2y
10a sinx+cosy=0.5 b Substitute x =0 and y = 0 to give
0
cosx—sinyd—yzo Q:M:_?,
dx dr  e’"-2x0
dy _Cosx Equation of tangent at (0, 0) is
dx siny y—0=3(x-0)
y=3x
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Challenge
a 6x+y’+2xy=x’
6+2yd—y+2(xd—y+y):2x
dx dx

dy
2y +2x)=2=2x-2y-6
2y X)dx x=2y

L dy _ 2x-2y-6 _x—-y-3
Cdx 2y+2x y+x

dy
— =0 only when x—y-3=0
dx y Y

or y=x-3
Substitute y =x—3 into the equation of the
curve to give
6x+(x—3)" +2x(x-3)=x"
2x> —6x+9=0
The discriminant of this quadratic is
(—6)* —4x2x9=-36<0
so there are no real solutions.
Hence there are no points on C such that

v,
dx

b @z y+x
dy x-y-3

ﬂ=0 when y+x=0
dy
or y=—x
Substitute y =—x into the equation of the
curve to give
6x +(=x)* + 2x(=x) = x°
2x° —6x=0
x(x=3)=0
x=0 or x=3
So y=0 or y=-3
Therefore the coordinates of the points on C

such that ;ﬂ =0 are (0, 0) and (3, —3).
Y
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