Handout - Derivative - Chain Rule

Power-Chain Rule a,b are constants.

Function Derivative
d1 _
y=a-x" Y gon.zn? Power Rule
dx
dy 1 du .
y=a-u" Y _q utl. = Power-Chain Rule
dr dx
Exla. Find the derivative of y = 8(6x + 21)3
Answer: y' = 384(6x + 21)7
a=8 m=2=8
u=>6x+21 =3=6

=y =8.8-(6x+21)7-6

Ex1b. Find the derivative of y = 8 (43'9 +T7r+ 2‘8;}3J

Answer: y' = 32(8x + 7) (4:1‘-2 + Tx + 28)3
a=28 n=4
=42+ 7x + 28 du

i
= dx

=8z + 7T

=y =8-4. (422 4 Tr+28)" . (82 +7)

Exle. Find the derivative of y = 2v/622 + 42 + 26

122 + 4
VEx2 + 4x + 26
a=2, n= 7]_;
u =622 + 4z + 26

Answer: y' =

du

=& _ 12744

=y =2.1.___1
Y B e oy

~(12x + 4)




Exercises

Find the derivatives of the expressions

a) 5(9z + 25)° b) 7(2x + 24)8
c) 2(42? + 42 + 21)9 d)6 (722 + 4z + ,22}-1
e) ?{?x? +DI+24)13;3 £)3 (?Tg +4x+29)2953
g) 5v/2% +8z 125 h)7v/72? + 3z + 24

) e Do
v 3r+3r+22 AT+ 27+ 27



a) 360(9x + 25)7

¢) 18(8x + 4) (422 + 42 + 21)°

e) 9(14z +9) (722 + 9z + 24)"*°

] 5(2r+8
2T Br+35

i) 4(6z+3)
T a3 o onare
(3r2+3r+22)"

Answers
b) 112(2x + 24)7
d) 24(14z + 4) (722 + 42 + 22)°

£) 22(14z + 4) (72?2 + 42 + 20)""/°

2/ Tri+3r+24

) — 3(4x+2)
1 o202 129)72




Sine and Cosine - Chain Rules a.b are constants.

Function

Derivative

y = sin(x)

y = cos(z)

Yy = a-sin(u)

Yy = a-cos(u)

Sine Rule

Cosine Rule

Chain-Sine Rule

Chain-Cosine Rule

d
Ex2a. Find g_y where y = 2sin (92° + 327 + 1)
dx

Answer: 2 (2722 + 6x) cos (92® + 322 + 1)

a=2

w=0z% + 322 +1

=272% + 6

d 5
Ex2h. Find % where y = 5 cos (91“’ + 520 + 3)

1

Answer: —5 (452 + 202?) sin (925 + 524 + 3)

a=>5

u=02%+52"+3 = 9% = 452" + 202°

Ex2e. Find the derivative of y = (4sin(4x) + 4 cos(ﬁ;l‘}j"l

n=4

u = 4sin(4x) + 4 cos(5x)

du

= - = l6cos(4x) — 20sin(5x)

Answer: 4 - (16 cos(4x) — 20sin(5z)) - {4 sin(4x) +4fns(a:r-)}|3




Exercises

Find the derivatives of the expressions

a) Tsin (7z* + 722 + 8) b) 5cos (22! + T2* + 9)

c) 8sin (82° + 922 + 1) d) 5cos (62! + 82 + 2)

e) (sin(z) + 9 cos (z*) }4 f)(2sin(6z) + 9cos (32?) )3
g) (4sin (527) + 8 cos (82°) )5 h)( sin (72?%) + 2 cos (627) }3

i) (55i1‘1 (5.1‘!5:] + 5cos (71*!4) )% jj(ﬁsin (‘21.'3} + 5cos (Smg} :l%



Answers
a) 7 (2122 + 14z) cos (T2* + 722 + 8); b) —5 (8z* + 212?) sin (22* + 72 + 9);
c) 8 (242 + 18z) cos (82* + 02% + 1); d) —5 (242* + 242?) sin (62 + 82° + 2);
e) 4- (cos(z) — 3623sin (z1) ) - (sin(z) + 9cos (1) );
f) 3- (12 cos(6z) — 54z sin (322) ) - (2sin(6z) + 9 cos (322) )
g) 5- (6022 cos (52%) — 3202 sin (82°) ) - (4sin (523) + 8 cos (82°) )*;
h) 3 - (2122 cos (72%) — 4823 sin (62%) ) - (sin (72%) + 2cos (621) )%;

i) 1. (1252 cos (52°) — 1402 sin (T2) ) - (5sin (52°) + 5 cos (Tz1) )_%;

i) % . (36:}:2 cos (2.1".3] — Bz sin (81‘2] ) . (ﬁsin (21‘3) + Scos (81'2] ]%;



Exponent and Logarithmic - Chain Rules a,b are constants.

Function Derivative
x dy _ . . ,

y=e pri £ Exponential Function Rule
dr
dy 1 . . .

1y = In(x) —_ =— Logarithmic Funetion Rule
dr =

" dy u du .

y=a-¢€ — =a-e" — Chain-Exponent Rule
dr dr

1y =a-In(u) dy _a du Chain-Log Rule

y= dr — u dx : s




Ex3a. Find the derivative of y = 6> 1%

Answer: y' = 427122
ia=6
u="Tr+22

L

7=y = 6. ezt

=>§.§‘7= i

P
Ex3b. Find the derivative of y = e’ 37122

Answer: y' = 6 (14x + 3) - o723 +80122
ia=6

u=Te2+3x+22 =W 147135 ¢ = 6.2 (142 4 3)

Ex3ec. Find the derivative of y = —

0BT/ 3+T27/2

49252 6425/3 8/% L7aT/a
Answer: y' = —2. ( BT/ 34T
2 3

1= —2

— 8pB/3 4 7T/2 du _ 40r5/2 | g45/8
vest T T

B3 TS 495/2 4

=y = 2.8+ (Er:—-l-@%—)




Ex3d. Find the derivative of y = TIn(3z + 26)

21

3r + 26
a="T

u=3xr+ 26 ::-%:3::--1;’:31,—1_3;-3

Answer: y' =

Ex3e. Find the derivative of y = 81n {21"‘} + 9z + 'Zﬁj

8(4z + 9)

2x2 + 9z + 26
a=:5

wu=2224+9r+26 = %:43'4—9
]

Answer: y' =

2r

Ex3f. Find the derivative of y = Tlog (91“””“‘) + 53"'"’*"3)

45x3/2 25@2:‘3) 1

Answer: y' =7 - .
Y ( 2 T 3 9x5/2 4 525/3




Exercises

Find the derivatives of the expressions

EI.] EESI+ il

c) 4In(2z + 21)

e) 5E3I9+3r+ 2y

g) 41n (422 + 8z + 29)

i) 6B A +5vE

h] 6EGI+21

d) 61n(3z + 27)

f} SE4I2 +hr+29

h)6In (722 + 3z + 25)

j)9In (922 4+ 8/)

10



a) 4857126 b) 36e87 21,

e) 6 (6x + 8) - 3T +8r 42T,

A(Rr48)
z) 4r5|+8r+29'-

. AQp3 3 [ 5 p8/8 .
) 6. (AL 4 5 ) (5e/ 5,

Answers

g .
¢) gzrors

d} 18

RE=ESIE

f) 8- (8z+6)- Edrﬂ+ﬁr+29;

G§14:+3] .
h} Tri4+3r4+25°

DEE (24m5f3 +

A
VT

)

.
gyt

11



Exercises

Find the derivatives of the expressions

- g Ar+1 4 ) 3r+1 8

a) 5sin(5x) + 4™ + 7= b) 2cos(5z) + 56T + ——

c) 2cos(4r) + 4In(3z — 1) — ﬁg—;g’ d) cos(5x) + 5eTl — 7(x — 1)2/3
] 3

e) (3 cos(5x) + 2In(4x) + Bﬁ) f}(cos(4.’r) + 3In(3x) — T@"E)

g) (4 sin(3z) + 31In(x) — v_?f) h}(cl sin(5z) + e** — u_"%)

12



a) 25cos(5z) + 16et=t1 — ;%5; b)

63 .
(Bz+1)575"

c) —8sin(4r) + 3;31 + 5

e]&-(—lﬁsin{é:ﬂ}+%+%).(

Answers

_ ; 3xr+1 4 B
10sin(5x) + 15¢ VL

d) —5sin(5x) + 5671 — %—5%;

4
3cos(5x) + 2In(4x) + Bﬁ) :

2
f)3- ( — 4sin(4r) + % — E-J:%ﬁ) . (cos{41‘} + 3In(3z) — T{'E) :

g) —31; : (12 cos(3z) + % + ;%’g) . (4 sin(3x) + 3In(z) —

h) 3 (zncm(amHaeHr + I;”) :

Bl

)*

]

(4sin{5:ﬂ} + 5T — %) E_;

13



