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Calculus | Derivatives, Integrals, and Identities

Derivative Rules

Let f(z) and g(z) be continuous functions. Let ¢ be some constant.

d
Power Rule: d—x" =nz" ! forn e R
T

Product Rule: %[f(@!ﬂx)] = f'(x)g(z) + ¢'(x) f(x)

Chain Rule: %[f(g(x))] = f'(g(z)) - ¢'(x)

Exponential/Logarithmic Functions

Sum and Difference: di[f(:v) +g(x)] = f(z) £ ¢ (2)

T

Constant Multiple: dd [ef(2)] = cf' ()
x

f(x)} _ ['(@)g(x) — g'(2) f (=)
g(x) )

d
Quotient Rule: — [
dx

Derivatives Properties

d xr T

—e' =e

dx

d . . Let A and B be positive real numbers. Let ¢ be a
0 =a In(a), fora > 0 constant.

il (@) = 2 forz >0 log, A + log, B = log,(AB)
d; log, A —log, B = log, (%)
e In|z| =—,forz #0 clog, A = log, (A°)

4 log, z =

dz Ba® T z1n(a)

Trigonometric Functions

Trigonometric Hyperbolic
d A inh(z) =
. sin(z) = cos(z) T sinh(z) = cosh(x)

. d .
e cos(z) = —sin(x) e cosh(z) = sinh(z)
4 tan(z) = sec?(z) 4 tanh(z) = sech®(z)
dx dz
d 4 csch(z) = — csch(x) coth(x)
s csc(z) = — csc(z) cot(x) e =

d

e sec(z) = sec(x) tan(x) e sech(z) = — sech(z) tanh(z)
4 cot(z) = — csc?(x) 4 coth(z) = — csch?(xz)
dz dz
d . 1 d .., 1
— = — sinh =
75 Sin (x) T dr (z) o)
d -1 d 1 1
= = —cosh™ " (z) =
7 68 (z) — . (z) =
d -1 1 d —1 ]_
il - 2 tanh
dz tan™" () 1+ 22 dz () 1— a2
d 1 -1 d 1 -1
— = —csch (2) = —F——
@ W= e dx @) = Vit
d 1 d 1 -1
— = —sech™ "(z _
R A Wy da @)= Ve
d 1 -1 d 1 1
£ - 2 coth () =
dx cot™ () 1+ 22 dz () 1—2z2
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Integrals

Fundamental Theorem of Calculus

Part 1: Properties:
If f(z) is continuous on [a, b] then g(z / flt)dtis Additive: /[f(x) + g(2)]dz = /f(x)dac:l:/g(x)da:

also contmuous on [a, b] and

/ F()dt = f(z). Constant Multiple: / kf(z)de =k / f()dz

Substitution: /f(g(x))g’(a:)dac:/f(u)du
(where u = g(x))

Part 2:
f(z) is continuous on [a, b], F'(z) is an anti-derivative of

f(z) where F(z) = /f(x)dx and

b
[ t@de=Fe) - Fo

b a
de = — d
Exponential Integrals: /a, fla)dz /b flw)ds

b c b
/x” dr = _1|_1 " O (n#£ -1) /a f(z)dz :/a f(x)der/c f(x)dx for any value ¢

/kdx:kx—i-C’ /abf(;z:)dx g/abf(:c)ldx

/ e"der=e"+C
Arc Length (L) and Surface Area:

aI

a® dx = +C b 2
/ In(a) L:/ 1—|—<3y) de,ify = f(z),a <z <b

1 a x
/fdx:ln|x|+C

T d dx 2

L:/ 1+ — dy,ifx:h(y),cgygd

/ln(x) =zn(z) —x+C
Average Function Value: / \/ ) dt, if

The average value of f(z) ona < x < bis: )y = g a< t <b

Integration by Parts: / udv = uv — / vdu

awg = ——— x)dx b

Javg b—a /a f(z) Surface Area rotated about the x-axis: / 2myds

Work: ab

If a force of F'(x) moves an object in a < x < b, the Surface Area rotated about the y-axis: / 2mxds
b a

work done is: W :/ F(z)dx

Approximating Definite Integrals:
Let f be a continuous function on the interval [a, b]. Given an integral / f(z)dx and some n, divide [a, b] into n equal

bh—
sub-intervals of width Ax = 7(1. Letzg=a,z, =b,and x; = a + Ax - 1.
n

n

Left Endpoint Definition: / f(z)dx = Z flxiz1)

i=1

n

b
Right Endpoint Definition: / fla)dx = Z fla) Az
@ i=1

b

Midpoint Rule: / f(x)dx = Az [f(z]) + f(z5) + ... + f(x},)], where f(z}) is midpoint [z;_1, z;
b Az

Trapezoid Rule: / f(z)dzr ~ - [f(zo) + 2f(z1) +2f(x2) + ... +2f (@n—1) + f(zn)]

b
Simpson’s Rule: (For n even) / f(z)dr ~ % [f(@o) +4f(z1) +2f(x2) + ... +2f(xn—2) +4f(Tn-1) + f(an)]

Calculus | Derivatives, Integrals and Identities | Updated by HA - April 22, 2024 | Page 2 | amlc.usu.edu


https://www.usu.edu/math/amlc/

B | e

Trigonometry:

/cos(x) dr = sin(z) + C /% dr — tan—1 (f) LC
a*+x a

/ sin(z) doe = —cos(z) + C Hyperbolic Trigonometry:

/ ) dr = In|sec(z)| +C /cosh(w) dx = sinh(z) + C

/sec ) dz = tan(z) + C /sinh(x) dz = cosh(z) + C

/csc ) dx = —cot(z) + C /Sinh2(ff) dz = tanh(z) + C

/csc cot(x = —csc(z) +C /CSCh2(l’) dr = — coth(z) + C

/sec )tan(z) dz = sec(x) + C /SeCh(f) tanh(z) dv = —sech(z) + C

/W dx — sin~! (g) +C /csch(as) coth(z) dx = —csch(z) + C

Trig Substitutions:

Given: Va2 — b2z? Vb2z2 —a? va? 4+ b2z?

Transformation: r = §sinf x = ¢ sec(f) x = ¢ tan()

Result: cos?> =1 —sin? @ | tan?(6) = sec?(d) — 1 | sec?(6) = 1 + tan>(h)

Trigonometric Identities

Basic and Pythagorean: Double Angle:

. _ 1 sin(26) = 2sin(6) cos(9)
Sll’l(e) CSC(@) tan(20) _ 2'53711(9)
csc(f) = — ! 1 — tan?(0)

sin(6) o, .
1 cos(26) = cos*(6) — sin“ ()
cos(9) = Sood) — 1 2sin®(9)
sec(f) = cosl(H) =2cos?(0) — 1
CsinB) 1 Half Angle:
tan(9) = cos()  cot(f) AN cos(#)
cot(§) cos(6) _ 1 - (2) B 2
sin(f)  tan(6) 0 1+ cos(f)

sin(0) + cos?(0) = cos (> =+ 2
tan®(6) + 1 = sec?() . 6\  sin(@)  1—cos(d) N /1 —cos®

cot?(f) + 1 = csc?(6) an (2> ~ 1+cos(d)  sin(f) 1+ cosf
sin(—6) = —sin(h) .
cos(—8) = cos(6) Power Redluctlon:
tan(—6) = — tan(0) sin’(6) = 5[1 — cos(26)]
Angle Sum and Difference: cos?(0) = 1[1 + cos(26)]
sin(a £+ B) = sin(«) cos(B) £ cos(a) sin(B) 12 2

_ . . tan2(§) = 1 —cos(26)
cos(a + f3) cos((a))cos(ﬁ)(;) sin(a) sin(f5) 1+ cos(20)
tan(a) + tan
it S/t S Product:

tan(a £ 3) = T+ tan(a) @n(B) ’um to r.o uct s s
Law of Sines and Cosines: sin(a) % sin(3) = 2sin ( 5 ) cos ( 5 >
a* a: bt ; 2bccos(f) cos(a) £ cos(f) = £2cos (a ; B) cos (a ; 6)
sin(A)  sin(B)  sin(C) tan(a) + tan() = Csi?;o;j(:)sﬁ(’)ﬁ)
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