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The Chain Rule & Advanced Techniques

Solutions

The Chain Rule

Second Derivatives

Exponential & Logarithmic Functions

Implicit Differentiation

The Chain Rule

fx) = (x+4)°
f'(x) = 3(x +4)?

[0 =(x-2)7?
) =-3(-2)"*

f(x) = @Bx+2)°
f'(x) =3(3Bx+2)?-3
= 9(3x + 2)?

flx) = (4x—3)7?
fl(x)=-20(4x-3)"3 4
= —8(4x —3)73

FO) = (4x — 42
o) = ax — 42 4

1
=2(4x — 4)72

fx)=3(x+1)°
f'(x) =15(x+ 1)*

fl) =4(x+2)7?
f'(x)=—-8(x+2)"3

y =2(2x —5)°

d
2 =12(2x—5)2

= 24(2x — 5)°

g(x) =2(1-3x)°
g'(x)=4(1-3x)--3
= —12(1 — 3x)

F(x) =3(2x +5)7:
F1(X) = —(2x +5)75 - 2

- 2(2x+5)7
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gx) = V(2= 4x)3 h(x) = 4/(%x2 — 5)3

3

= (2 — 4x)2 3
3 1 - %xz —5)*
g'(x) =22~ 4x)z- —4 . ]
1 h'(x)=5Gx*=5)7+x
= —6(2 — 4%)z )
=x(Gx?—5)7s

Second Derivatives

y =12x*+3x+8 y=15x+6+33_c
dy
E—Z4x+3 ﬂ:15_3x_2
dx
d?y
PR LY — 6x?
dx?
_ 3 _ gus =Gx+4)(3x -2
y = 9/x — == 9x2 y=( )( )
o o 1 = 15x%+2x— 8
—=-xz+6x"3
ax 2 Y =~ 30x+2
%y 9 _3 i dx
ae - aX T 18 @y _ a0
dx?
Exponential & Logarithmic Functions
y = 4e7% y = e—3x—x2
d
ﬁ = 28e7* % = (—3 — Zx)e_?’x_xz
y:el—x y:e3x_e—3x
% = —el™* Z—i = 3e3% + 3e73¥
1 —x?
y =eV¥ = ¢ y=e¢e
dy _ —x2
@ _ 1 & = ~2xe
dx 2
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y = In(2x) y = In(x?)
dy _ 2 dy _ 3x?
dx  2x dx  x3
y = In(5x — 2x?) y = 1n(§) =In(x"Y)
d_y_ 5—4x P
dx  5x —2x2 ﬂz—x —_1
dx x~1 x
y =In(e*") y =In(3 + &%)
x2 dy _ 2e%*
Z_z:zzzz = 2x dx 3 +e2X
Implicit Differentiation
x2+y3=2 x%2 +5y% =14
24y _ ay _
2x + 3y dx—O 2x+10ydx—0
24y _ _ ay _ _
3y s 2x 10ydx = —2x
o _ _2x v _2x _ _*
dx  3y? dx 10y 5y

y3+3x?y—4x =0

Using the product rule to give
24y 24y 4=

3y dx+3x dx+y(6x) 4=0
2 2\ _ g

(By*+ 3x )dx =4 — 6xy

dy _ 4—-6xy
dx  3(y2+x2)

x—y)*=x+y+5
Using the chain rule to give
)3 (1 -2\ =14+%
4(x y) (1 dx) =1+ dx
B —4(x =) =14+ Y
4x—y) —4(x—y) =1+ -7
—y)B_1=% —y)3Y
4x—y)y—1=—+4(x—-y) —
4 -y —1=(1+4G -2
dy _ 4(x-y)3-1

dx 1+4(x—-y)3
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e’y = xe”
Using the product rule to give

dy dy

x X — y y
e + ye® = xe +e
dx y dx

d d
* 2 xe¥ L =¥ — ye¥

e
dx dx

dy
X __ Yy 2L — _ X
(e* —xe )dx ey —ye

dy _ ey —yeX

dx  eX —xeY
Jxy+x+y?=0

11
xzyz+x+y2=0
Using the product rule to give

1 X1 9 _lgy 1 dy
5X 2y2+5y ZE(XZ)+1+2y$=O

LR 12y R = -1 - 1xny
dy _ 1+%
dx _%—Jrzy
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