
Stuff you must know. Cold. 
 
Curve Sketching and Analysis 
 

( )y f x=  must be continuous at each: 

• Critical Point:  0dy
dx

=  or undefined. Don’t forget endpoints. 

 
 

• Local Minimum: 
dy
dx

 goes ( ),0,− +  or ( ),undefined,− +  or 
2

2 0d y
dx

>  

 
 

• Local Maximum: 
dy
dx

 goes ( ),0,+ −  or ( ),undefined,+ −  or 
2

2 0d y
dx

<  

 
 
• Point of Inflection: Concavity Changes: 

o 
2

2

d y
dx

 goes from ( ),0,+ − , ( ),0,− + , ( ),undefined,+ − ,  or ( ),undefined,− +  

 
Derivatives 
 

( ) 1n nd x nx
dx

−=      ( ) ( )x xD k f x k D f x⋅ = ⋅⎡ ⎤⎣ ⎦  
 

( ) ( ) ( ) ( )x x xD f x g x D f x D g x+ = +⎡ ⎤⎣ ⎦  ( ) ( ) ( ) ( )x x xD f x g x D f x D g x− = −⎡ ⎤⎣ ⎦  

 

( ) ( ) ( ) ( ) ( ) ( )x x xD f x g x f x D g x D f x g x= +⎡ ⎤⎣ ⎦  

 

( )
( )

( ) ( ) ( ) ( )
( )2

x x
x

f x g x D f x f x D g x
D

g x g x
⎛ ⎞ −

=⎜ ⎟⎜ ⎟
⎝ ⎠

 lodhi minus hidlo over lo squared 

 

( )( ) ( )( ) ( )' 'xD f g x f g x g x=  or ( ) ( )'d duf u f u
dx dx

=  

 

( )sin cosd x x
dx

=   ( )cos sind x x
dx

= −   ( ) 2tan secd x x
dx

=  

 
 

( ) 2cot cscxD x x= −   ( )sec sec tanxD x x x=  ( )csc csc cotxD x x x= −  
 



( ) 1lnd duu
dx u dx

=   ( )u u
x

d e e D u
dx

=   lnx x
x

d a a aD x
dx

=   

 
 

1log
lna x

d x D x
dx x a

=  

 
1

2

1sin , 1 1
1

xD x x
x

− = − < <
−

   1

2

1cos , 1 1
1

xD x x
x

− = − − < <
−

 

 
1

2

1tan
1xD x
x

− =
+

     1

2

1sec , 1
1

xD x x
x x

− = >
−

 

 

( )1
2

1cot
1

d x
dx x

− = −
+

     ( )1

2

1csc
1

d x
dx x x

− = −
−

 

 
 
Integrals    PLUS A CONSTANT! 
 

1

1

n
n xx dx C

n

+

= +
+∫  1n ≠ −   AND  lnnx dx x C= +∫   1n = −  

 

1 dx x C= +∫   ( ) ( ) kf x dx k f x dx=∫ ∫   OR  kdu ku C= +∫  

 

( ) ( ) ( ) ( ) f x g x dx f x dx g x dx+ = +⎡ ⎤⎣ ⎦∫ ∫ ∫  

 

( ) ( ) ( ) ( ) f x g x dx f x dx g x dx− = −⎡ ⎤⎣ ⎦∫ ∫ ∫  

 

( ) ( )
( )

1

'
1

r
r g x

f x f x dx C
r

+
⎡ ⎤⎣ ⎦= +⎡ ⎤⎣ ⎦ +∫  

 

u ue du e C= +∫       
ln

u
u aa du C

a
= +∫   

  
1 lndu u C
u

= +∫       ln  lnu du u u u C= − +∫  

 

sin  cosu du u C=− +∫      cos  sinu du u C= +∫  

 
2sec  tanu du u C= +∫      2csc  cotu du u C=− +∫  



 

sec tan  secu u du u C= +∫      csc cot  cscu u du u C=− +∫  

 

tan  ln cosu du u C=− +∫      cot  ln sinu du u C= +∫  

 

1

2 2
sindu u C

aa u
− ⎛ ⎞= +⎜ ⎟
⎝ ⎠−

∫      1
2 2

1 tandu u C
a u a a

− ⎛ ⎞= +⎜ ⎟+ ⎝ ⎠∫  

 

  1 1

2 2

1 1sec cos
udu aC C

a a a uu u a
− −

⎛ ⎞⎛ ⎞
= + = +⎜ ⎟⎜ ⎟ ⎜ ⎟− ⎝ ⎠ ⎝ ⎠

∫  

 
 
Transcendentals 
     
ln xe x=     ( )ln ye y=     lnx x aa e=   

 

( ) ( )lnln ln lnx x aa e x a= =     
lnlog
lna
xx
a

=  

 
   u u

x xD e e D u=   à lnx x
x xD a a a D x= ⋅  

 

u ue du e C= +∫  à 
ln

u
u aa du C

a
= +∫  

 
logay x=   à yx a=  

 
Fundamental Theorem of Calculus 
 

The distance s  travelled from time 0t =  to time t x=  is ( ) ( )
0

x

s x f t dt= ∫ . The derivative 

of this position (velocity) is ( ) ( )'s x v f x= =  …or… 
 

( ) ( ) ( )
0

xd ds x f t dt f x
dx dx

= =∫ , so the integral is an accumulation function and leads us to: 

( ) ( )
x

a

d f t dt f x
dx

=∫  or the FTC II 

 
If 'F f= , then: 
 



( ) ( ) ( )
b

a

f x dx F b F a= −∫  or the FTC I. 

 
 
Riemann Sums 

( ) ( ) ( )2 ...nR x f a x f a x f a n x= Δ +Δ + + Δ + + + Δ⎡ ⎤⎣ ⎦  
 

( ) ( ) ( ) ( )( )2 ... 1nL x f a f a x f a x f a n x⎡ ⎤= Δ + +Δ + + Δ + + + − Δ⎣ ⎦  
 

1 3 1...
2 2 2nM x f a x f a x f a n x

⎡ ⎤⎛ ⎞⎛ ⎞ ⎛ ⎞ ⎛ ⎞= Δ + Δ + + Δ + + + − Δ⎢ ⎥⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎝ ⎠⎣ ⎦

 

 

( ) ( )0 1 1
1 of  2 ... 2
2

b

N n n
a

T f x dx x y y y y−= Δ + + + +∫  

 
…or… 
 

( ) ( ) ( ) ( ) ( )0 1 1 of  2 ...2
2

b

N n n
a

b aT f x dx f x f x f x f x
n −

−
= + + +⎡ ⎤⎣ ⎦∫   

 
Intermediate Value Theorem 
 
If the function ( )f x  is continuous on [ ],a b , and y  is a number between ( )f a  and 

( )f b , then there exists at least one number x c=  in the open interval ( ),a b  such that 

( )f c y=  

 



 
 
 
 
Mean Value Theorem 
If the function ( )f x  is continuous on [ ],a b , AND the first derivative exists on the interval 

( ),a b , then there is at least one number x c=  in ( ),a b  such that ( ) ( ) ( )'
f b f a

f c
b a
−

=
−

 

 

 
 
Rolle’s Theorem 
If the function ( )f x  is continuous on [ ],a b , AND the first derivative exists on the interval 

( ),a b , AND ( ) ( )f a f b= , then there is at least one number x c=  in ( ),a b  such that 

( )' 0f c =  



 
Theorem of the Mean Value i.e. Average Value 
 
If the function ( )f x  is continuous on [ ],a b , AND the first derivative exists on the interval 

( ),a b , then there is at least one number x c=  in ( ),a b  such that ( )
( )

( )

b

a

f x dx
f c

b a
=

−

∫
 

This value ( )f c  is the average value (height) of the function on [ ],a b . 
 
 
Solids of Revolution (Disks, Washers) 
 

Disks:  2
x b

x a

V r dxπ
=

=

= ∫  where r  is the function height on [ ],a b . 

Washers: ( )2 2
2 1

x b

x a

V r r dxπ
=

=

= −∫  where 2r  is the height of the upper function above 

the axis of revolution and 1r  is the height of the lower function above the axis of revolution. 
 
 
Distance, Velocity and Acceleration 
 

Velocity 
d
dt

= (position) 



 

Acceleration 
d
dt

= (velocity) 

 

Average Velocity =
final position - initial position

total time
 or 

x
t

Δ

Δ
 

 

Displacement (directed distance from a starting point)  ( ) ( ) ( )
b

a

v t dt s b s a= −∫  

 

Distance (total distance covered)    ( )
b

a

v t dt∫  

 
 
L’Hôpital’s Rule 
 

( )
( )

( )
( )

( )
( )
'0If lim  or ,  then lim lim

0 'x u x u x u

f x f x f x
g x g x g x→ → →

∞
= =

∞
 

 
 
Integration by Parts 
 
LIPET (Log, Inverse, Polynomial, Exponential, Trigonometric) 
 

  u dv uv v du= −∫ ∫      [ ]  
b b

b

a
a a

u dv uv v du= −∫ ∫  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Values of Trig Functions for Common Angles 
 

 
Trig Identities 
 
Odd-Even Identities     Cofunction Identities 
 

( )sin sinx x− = −      sin cos
2

x xπ⎛ ⎞− =⎜ ⎟
⎝ ⎠

 

( )cos cosx x− =      cos sin
2

x xπ⎛ ⎞− =⎜ ⎟
⎝ ⎠

 

( )tan tanx x− = −      tan cot
2

x xπ⎛ ⎞− =⎜ ⎟
⎝ ⎠

 

 
Pythagorean Identities     Addition Identites 
 

2 2sin cos 1x x+ =      ( )sin sin cos cos sinx y x y x y+ = +  
2 21 tan secx x+ =      ( )cos cos cos sin sinx y x y x y+ = −  



2 21 cot cscx x+ =      ( ) tan tantan
1 tan tan

x yx y
x y
+

+ =
−

 

 
Double-Angle Identities    Half-Angle Identities 
 

sin 2 2sin cosx x x=      
1 cossin

2 2
x x−⎛ ⎞ = ±⎜ ⎟

⎝ ⎠
 

2 2cos2 cos sinx x x= −      

2cos2 2cos 1x x= −      
1 coscos

2 2
x x+⎛ ⎞ = ±⎜ ⎟

⎝ ⎠
 

2cos2 1 2sinx x= −  
 
Sum Identities 

sin sin 2sin cos
2 2
x y x yx y + −⎛ ⎞ ⎛ ⎞+ = ⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
 cos cos 2cos cos

2 2
x y x yx y + −⎛ ⎞ ⎛ ⎞+ = ⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
 

Product Identities 
 

( ) ( )1sin sin cos cos
2

x y x y x y= − + − −⎡ ⎤⎣ ⎦  

( ) ( )1cos cos cos cos
2

x y x y x y= + + −⎡ ⎤⎣ ⎦  

( ) ( )1sin cos sin sin
2

x y x y x y= + + −⎡ ⎤⎣ ⎦  

 
Other Useful Identities 
 

( )1 2sin cos 1x x− = −      ( )1 2cos sin 1x x− = −    

( )1 2sec tan 1x x− = +     ( )
2

1

2

1, 1
tan sec

1, 1

x x
x

x x
−

⎧ − ≥⎪
= ⎨

− − ≤ −⎪⎩
 

 
 
 
 
 
 
 
 
 
 
 



 
Thoughts 
Do not simplify arithmetic (even in Riemann sums) 
Do not cross out your work (unless you have done it better) 
Label your answers 
If you think your answer to part a is wrong, use it anyway to continue the problem 
Notate your calculator work on the page 
Round to three decimal places 
Name the function in question: “the slope of f is” not “the function’s slope is” 
When writing integrals, make sure that at least the limits and the constant are correct 
Know the difference between local (relative) and global (absolute) extrema 
Know the difference between the extreme value and the location of the extreme value 
Know the difference between a point in time and an interval of time 
Be sure that you have answered (not just solved for x) the problem with appropriate units 
If you can eliminate some wrong answers in the multiple choice section, it is advantageous to 
guess. If you can not eliminate answers, do not guess. Wrong answers can often be 
eliminated by estimation or by thinking graphically. 
If you are asked to justify your answer, think about what needs justification. 
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