JIFFERENTIATION RULES

eneral Formulas

L_% ()=0

3, % () + o] = £ + 4G

. %[f ()g)] = FR) + g(S () @roductRule) -

2 —j;f (5() = F(g(x))g'(x) (ChaioRul®)

Exponential and Logarithmic Functions

d
9, -d—x- () =¢

d 1
Y =—
dx ] x

Trigonometric Functions

2. 2 [ = o)
& L1 - =1 = ¢

FRFLCY At - f(x)g'x) .
'dx ch)] Er

8. -% (x") = nx*"!  (Power Rule)

0. -gx—(a’)=a‘1na

. d ; 1
12 dx(1°g°x)-xlna

d
13. dix. (sinx) = cos x = 14. —i— (cosx) = —sinx - 15. -;(tan x) = sec’x

, . d
15.% (cscx) = —cscx cotx 17. —i—(sccx) =secx tanx 18. ’d‘;(wtx) = —cse’x

Inverse Trigonometric Functions

d . . i d, 1 3 i s
19, — (sin™'x) = = = - 21. — (tan™ x) =
8 g (879 = o B 5 ™) =~ ke A
d . 1 d ;= 1 d, o 1
— (cs¢™x) = — 23. — = 26, — (cot™'x) = —
- dx &) xJ—1 - dx (sec. %) xJx:— 1 . dx (eet™2) 1+ %%
Hyperbolic Functions
- 25 2 (smn sh 26. - (cosh x) = sinh x 27. - (tanh x) = sech
'dx(- x) =coshx B sh x I
d d . d
28. — (csch x) = —cschx coth x 29, — (sech x) = —sech x tanhx 30, — (coth x) = —csch’x
dx dx . dx :
Inverse Hyperbolic Functions’
d, . . 1 i, 1 d
£ (o) = 32, — = 33, — (tanh™'x) =
3‘," dx(smh %) :/-1 + x2 = dx(coSh %) Jzi—1 dx( x) 1—x*
d i 1 d - 1 . d -
<8 “ly) = — 35 — = - 35.—C°thx'=
U V= + 1 g SR = % N =TT

e

sy e
.
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Basic Forms

1.

2“

10.

Forms Invol\'mg Ja? B uz a>0
deu—-m+—m(u+m)+c

ntl

udv=uv—jvdu

u* du = +C, n#
J n

.

2 mful+ €

J u

efdu=¢e"+C

b e o
qdu 1na+c

sinudu= —cosu+C

.J‘cosuduﬂsin.u-%-c

Is.'cc’uduﬁtanu-!-c

‘[wc‘"u-du = —cotu+ C

'[.secu tenudu=secu+ C

=1

r
1. | cscucotudu=—cscu+C

12. {tanudu=1n|secu|+C
13. | cotudu=1n|sinu|+C
14. Psecudu-ln|secu+tanu] +C

15. [ o6 1 dipme lnlcscu-—cotul +

B C, a>0
a

‘GJJaz—:ﬁ'?m

1 u

"1, | 5—==—tan'—+
Ia’-%-u’ a a ¢

il
= —.sec

18 J._i._
“Jufut—a2 a

du 1
19.- =—
,[a’-*u’ 201n

1Z4C
a

u+a
u—a

+C

du 1
20. = —
,( u? - a? -?.aln

22.Iuzmdu-g(a’+2u’)m—?ln(u+-\/;_-i-_uz)-l-c

=

24.

26.

o

27.

.28.

;|

J
J ==

J

'a2+uzdu \/az-'-uz—aln

a? + u?
> du
u

du
N

a?

+ u?

+C

2 2
__——-V“:"J, (e + V@ F #5) + C

= ln(u + a? + u’) +C

g -2y a=+u=-—m(u+m)+c

/a2 + y2

1 In
zu/az + u? a
dig= el
u?\/a? + u? a’u
du . _ ‘u )
(@* +u?? a2 Ja? + u?

u

Jat+ut+a

+C

+C

+C
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yrms Involving Jai=ui, a>0
a® . u
).J\/a‘—u’du—% az_uz_*._z_sm-x_;_}_c

’ 4
L '{uz\/a_z:?du=%(2u’—a’)-\/a’—u3+%sin"%+ c

r 2 — 2 a a2 — y?
N AT~ SN LS CIET) S
J u
~ [2_. 2 2 .
t 'a—,—u—du=—l aF—ur—sa —+C
J u u a
2 2
ol =t . 2% meZagnlse
J Ja—u? 2 2 a
g du _ a? — u?
" \/az—uz a
I du il
5. P s ———Ja?—u?+C
] azu_\/a u
r 3
7. (a.z—uz)m¢:l.u_=—--'181(21;z 5a%) a’—u=+—:—sin —a--!-C
du u
8.' (a‘-—uz)”‘:az = +C

orms lnvolving Vi —a?,a>0

2
S.JJEZ—_cz’du=ﬁ-\/z¢’——7—%-lnlu+\f—u2—a2]+C
0. | u? 2—a7-du—-—(2u2—az)m——h|u+m|+c
—+C

V”’-az __4“"“’+m|u+m|+c

2.

2_ 2
1‘[ = < w/u*—zzz—czcos ‘ |

3 _\/_u_z__Tﬂlnlu+Ju2—azl+C

[ 2du _/ = 2 J./z_.z
4.__\/;‘_-2=——;= u2 az+ lnlu U a|+C

5 =t =
") ot fur - a? a*u l
8. [ du = - ad +C

J @?—a?P a2 Ju? — a?
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Forms Involving a + du

B5.

o

5

58.

59.

60.

61.,

e

47. : a“+d‘;u --2;1;(41- bu—aln|a+bul)+C

48. : a":d:u --2—;;[(4 + bu)* — 4ala + bu) + 2a*In |a + bu] + €
I i Yl A

50, :W‘f‘r_‘ﬂ)—-—;:;‘-&:—,m at by e

51, (al;-d:u)z - b,(aibu) Zmnfathu|+C

52".[ u(a iubju)2 = a(a -:-bu) - -:—2 e =

53, E%-zl-,-(aa-bu— afbu —.2aln|a+bu|) e
54.

J‘u\/a + budu= T-52b—2(3bu — 2a)a + bup? + C

udu -

2 ,
—.\/;.+=bll=-§(bu-24)-\/a+bu+c
ut du 8a® + 3b%* ~ 4ab ,/ g
Vet b 15b’( narlTe
I Jatbu-va +C ifa>0
u-\/a+ou f «/a+bu+\/-
+
=2 gy )2 b“+c fa<0

-\/'a +bu J’ du
M du= Tou+a| ——
J " du ‘2 a u + a dat =

\/a+bu -\/a+bu+£J‘
J u 2) uJa+ bu

J u™Ja + budu= b(zn_*_s)-["(a-i-bu)”’—naﬂ[ "'"Ja+budu]

u" du B "Ja+bu. 2na u™ du
Ja+ bu b@2n +1) b2n+1)J Ja+ bu

Jatbu__ b(an-3) du

du
= .[ u™Ja + bu T Taln - Dut 2an—1) ) wuWa + bu
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gonometric Forms
jsin’ydu=§u—§s‘m2u+c
. |cosPudu=13u + isin2u+ C
‘o
ten’udu=tanu—u+C

.| cot’udu=—-cotu—u+C

[, . . ’
sinu du = —3(2 + sin’u) cos u+ C

. | cos’udu=3(2 + cos®u)sinu + C

.
. | tan®u du=1tan’u + In|cosu|+ C

[ .
L | cofudu=—tcottu—In|sinu|+C

sec’udu-%secutanu+%1n|secu+tanul+c

1 | cscludum= —Lcscucotu+3ln|escu—cotul+C

. S n—1
3. | sin"udu=——sin"'ucosu +
n

j sin”**u du

-1
5. J.cos"udu-—l-cos"‘u sinu + i . jcos""u@
n .
1 ==1 -
5. tan"udu-——Ttan u— | tan™%udu
. n-—

averse Trigonometric Forms

7. jsin"udu- usinlu+/1—u2+C
B, J‘_co;"‘udu- ucosu—+1—-u?+C

9, | tnwdu=utenu — (1 + 7)) + C

r 2 - ul1—u? °

10. usin“udu-—zu—z—lsin"a+——4—'+c
r 2~ u1 — u? .

M. | ucosTludu = —zi—icos"u -—++C
4 4 4

2. Y= 5

o

76. wt'udnB-;l—lodt""u- Jcot""udn
J - n-= T
[ ! w2, L BT 2 'n—d '
77: | sec®udu= _ltanusec U+ —— sec” “u du
. G -2, n—2 n-2
-78. | esc®udu = cot & csc® it + csc”“u du
J n—l = A n—1 .
i ; sinfa — b)u  sin(a + b .
g, | si i = - +C
7 | smausmbudx:a 2a—1b) 2@ +b)
( ’ sin(@ — b)u , sin(a + bu
80. au = +C -
0 ! cos au cos bu du 2(‘1;'_ 5) 2(a + b)
i cos@ — b)u  cosa + b)u
81. i - — - +C
L sin au cos bu du 26 =10 2+ )
82. usinudu-six;u—ycosu-i-c
83. | ucosudu=c¢osu+usinu+C
84. u"sihudu-f—u"cosu+nju""cosudu
P, .
85. u"cosudu—u“sinu—nj.u“"sinudu
- san=1 m+1l S =
6. [ sin"u cosmiz duym —S B8 ¥ L B [ ey cosmud
J n+m n+m ;
- sin"*'u cos™'u L =1 ... ——
n+m n+m“‘smuc<?s dn
5 s ) !+ L . .-
02, [ utantudu == ltzm"’u—-;--*-c
a3 ‘u" ;in-ludu-_"}._. uK-H in—l _j u.ﬂ . ) .
S n+1 s _ll_uz’n#_l
r . 1 un'udu ]
n -1 = n - - S L 3
94..ucos u du l[u“ws’u+f‘fl__uz]‘ ns -1 _
Eo . 1 u™* dy
85, n m—l du = n+l fan-l _J. = e oo
‘u u n+1,{u u 1+u1,n9‘ 1
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Exponential and Logarith mic Forms

96.jue°';iu--};(au—1)e“+c £ on g 100, [udu=yuhu—u+C
> a . ) . v
97 jwwa=lu~¢e;'—:-’lj'u"*e"du g [ mam s e [+ D S e
’ a:- = a B (n+ 1P
- .‘ . S X . ) SiA 1
Qs.je smbuau=?:_—b?(asmbu—bcosbu)+c 102.. uhudug-lnllnu|+c
'Ss.jc"cosbua'u- (a_cosbu-*-bsinl;u)-i—C

a? + b?
Hyperbolic Forms

103.. | sinhu du = cosh + C : 1os.jcschudu-'1n]tanh§u|+c
104, | cosh u du = simhw + C 109.jsech=udu-:anhn}+c
105. | tanhu du=Incoshu +C 110, Jcsch’udu-—cothu-i- c

105. [ coth  d =1n |simhu| + C 111.J'sechumhu@-—sechu+c

107. | sech u du = tan”* |sinhu| + C

o

112 Jcschu cothudu=—cschu+C

Forms Involving 4/2au — u?*, a>0

r u-—a a® _(a-u
113. \/2au—.u2du-—2—- Zau—u‘-!-?cos a +C

- N ; _
114, | uv2au — “24“‘.2——‘15——-0—\/23&_—7%“2—::05*(“ u) e

.a
r P 2 ’ -
115, [ 22X gy = - u=+acos"(° a")+c
J u 5

116. —
16-‘ u2_

- — =) =
J2au u*du__2-./2az u —cos"(a u)+c

17.

N du A=cos”(a—u)+C
v VZGu - u? a é

118.

o ; \ _
g, [ g o Gt 2au-u’+3_;-—°°s-l(a ")+C

120. - =
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v

.v 1 1 = . .d—u
dx(smh u) = coshu >

Imverce Trig, Hyperbelic, and Inverse Ryperkclic Berivetive end Irtegecl Fermrwias

d(sin™u) _ dufdx

= & - Vi-ut'
5 d(cos™ u) . dufdx
T & Viee
r d(tan™" u) = dufdx
: dx 1+ u?
|4 d(cot™ ) __ du/dx
dx ]+ u?
5 d(sec™! ) _ _dufdx
T E Vel
6 . d(esc™! u) —du/dx
: ax lul\/u =

|u

TABLE 7.2 Derivatives of the mverse tngonometnc funchons

<1

Ju] <1

lu] > 1

Ju] > 1

:kBLE 7 4 Integrals evaluated with inverse tngonometnc f‘unct\ons

du _i -|]

T it

1 :
! TABLE 7.7 Derivatives of :

hyperbolic functions )

1
d,x(tzosh u) = snhu-ir—“

dx(tanh u) = sech?u ""‘

4 PP 2
d‘(cothu) csch’ ug

%(sechu) = —sechutanhu%

d du
E(cschu) = -cschucothudx

P A ——

TABLE 7.8 Idennhes for inverse
hyperbohc funchons

£ - syl
sech™ x = cosh™ £

h"'z = sinb™' & l

= 1
coth 'x.= tanh™ £

The following formulas hold for any constant e # 0.
di o .
./\/_72—_”———; = sin™ (%) +C (Valid for u? .< a?)

'l.
du | E—
12' /a’+u2=—ml(>+c
i
3

2+c (validfor |u| > a>0)

(Valid for all u)

TASLE 7.8 Integrel formulas for
hyperbolic functions

' /sinhudu = coshu + C

: /coshudu-sinhu-i-C'

i /eechucothudu- —cschu + C

- seme o

/scch’udu- tanhu + C
/csch’udu= —cothu + C

/sechutznhudus —sechu+ C

TABLE 7.10 Derivatives of i inverse hyperbohc functions

disinh™'w) _ 1 du
& \fT+g &

: d(coz};"u)= u:—l%, u>1
d(mi—' u) _ 1 _1,,22:" fu] <1
| d(co:,x-lu) - _{u;%' u] > 1

d(sec;"") =;‘;‘i\/“/—%_z., 0<u<l

- -
d(cs::: 2= lul\j;‘/fm' D

TnBL: 7 11 Integrals leadmg to mverse hyperbohc functmns
— o gine) (¥
/\/—F o (a)“‘* St
/\/—=cosh"()+c u>a>0
Xl —a
N Loy (%)-x—c ifu? < a?
@ z coth™ (-:-)+C, ifu? > a?
/\/___=-3sech ()+C, I<u<a
u a =
5. /_\/T-——mh"l I+C, u#0anda >0
uva Il

Expressing Inverse Hyperbolic Functions
in terms of Logarithms (from p. 543)

Sinh-’x=]n(x+-\/xz+1), <X <™
cosh™ x=ln(x+\11c2 —1), x21

taph™ x='— lnG-*.i), |x|<1

X / 2
sech'x=In e, L il ., 0<% £l
x .

’ 2
csch'x =1n! l+ Ex x=0
x

M) ,

coth”x=%ln(x+lj : lXI>1



