Harold’s Precalculus Formulas
(Rectangular — Polar — Parametric)

Cheat Sheet
6 May 2026
Rectangular Polar Parametric
(r,0) orrzs0 Point (a,b) in Rectangular:
f(x) =Y Polar = Rect. Rect. = Polar x(t)=a
(x,y) ) =b
b y
Point (a,b) X =71c0s0 r2 = x% + y? <ab>
y=rsinf r= x%+ y?
° rand = (X) ) 3)// t = 3" variable, usually time,
anv =\ 6 = tan (;) with 1 degree of freedom (df)
Standard Form:
ax+by+c=0
y <x,y>=<xq,Yy>+t<ab>
Slope-Intercept Form: <x,y>=<xy+at,y,+ bt >
y=mx+b where
<ab>=<x,—x1, Y, — Yy >
: Point-Slope Form:
Line -
y— yo=m(x—xp) r 2. x(t) = x9+ ta
> y(t) = yo+ th
Intercept Form: &)
A r cos X m:A—yzuzé
a b Ax x,—x; a
r=ry+ sv+tw
M, (x — %) .
Plane +n,,(y — ¥o) Vector Form: X = Xo+su, +tvg

+n,(z—25)=0

ne(r—ry)=0

y = Yo+ su, +tv,
Z = ZgtSuz +tvg
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http://en.wikipedia.org/wiki/File:Polar_to_cartesian.svg

Rectangular

Parametric

General Equation for All Conics:

Ax?> + Bxy + Cy*+Dx+Ey+F =0

where
Line: A=B=C=0
Circle: A=Cand B=0
Ellipse: AC >0 Parabola Ellipse Hyperbola
or B2 —4AC <0
Parabola: AC =0
orB? —4AC =0
Hyperbola: AC <0
or B> —4AC >0 :
Note: If A+ C = 0, square hyperbola y
Rotation: : ) .
If B # 0, then rotate the coordinate Falnt ling Crassed Lnes
Conics system:
20 =2"C
co ==z 4 ‘
x=x"cos0 —y'sinb < 3 » > :
y =y cos6+x'sin6 lw y /Y ‘
New = (x’, y’), Old = (x, y) ) '
rotates through angle 0 from x-axis . \ \
YA \ A f\ \ "\
Minor axis Major axis ‘ !
Qx2,y2) R(xLyl) :
Circle Ellipse Parabola  Hyperbola
" L
2
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http://faculty.eicc.edu/bwood/ma155supplemental/supplemental31.htm

Rectangular

Polar

Parametric

Circle

x%+y? =12

x-m?+@-k?=r?

Center: (h, k)
Vertices: NA
Focus: (h, k)

Centered at Origin:
r = a (constant)
6 = 6[0,2n] or [0,360°]

x(t) =rcos(t) + h
y(t) =rsin(t) +k
[tmin tmax] = [0, 21)

Center: (h, k)
Focus: (h, k)
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Ellipse

Rectangular Polar Parametric
x2 y2
2 =1
— )2 gAY x(t) =acos(t) +h
(x 2) +(yb2) —1 y(t) = bsin(t) + k
a [tmins tmax] = [0, 27]
Center: (h, k) Co-vertex

Vertices: (h + a, k)
Co-Vertices: (h,k + b)
Foci: (h+c, k)

Focus length, ¢, from center:
2= g2 —p2

Yy’ endpoint of
. axis

1
[ .
! minor axis
]

Focus

;
:

T djoraxis TS D

i

Co-vertex

Interesting Note:
The sum of the distances from each focus
to a point on the curve is constant.
|d, +d,| =k

Center: (h, k)

Rotated Ellipse:
x(t) =acostcos® —bsintsinf +h
y(t) =acostsind +bsintcosO + k

6 = the angle between the x-axis and the
major axis of the ellipse

YJ\

Major axis
R(xLyl)

Minor axis

Q(x2.y2)

L 2
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Rectangular

Polar

Parametric

Hyperbola

2 2

X y
@
x—h? (y—k? _
a? T p2 =1

Center: (h, k)
Vertices: (h+ a, k)
Foci: (h+c, k)

Focus length, ¢, from center:
c? = a? + b?

N
>

transverse axis

Y
| dq -

Interesting Note:

The difference between the distances from
each focus to a point on the curve is
constant.
ldy —dy| =k

Left-Right Opening Hyperbola:
x(t) =asec(t)+h
y(t)=btan(t) +k
[tmins tmax] = [—¢, ]

(h, k) = vertex of hyperbola

Up-Down Opening Hyperbola:
x(t) =atan(t) +h
y(t) = bsec(t) +k

[tmins tmax] = [—¢, ]
(h, k) = vertex of hyperbola

General Form:
x(t) =At? + Bt +C
y(t) =Dt*+ Et+F
where A and D have different signs
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Rectangular

Polar

Parametric

Parabola

y=ax*+bx+c
y=x-h)?+k

Vertical Axis of Symmetry:
x* =4 py
(x—h)? =4p(y —k)
Vertex: (h, k)
Focus: (h,k + p)
Directrix: y =k —p

Horizontal Axis of Symmetry:

y? =4 px
(y—k)?* =4p(x — h)
Vertex: (h, k)
Focus: (h + p, k)
Directrix: x =h—p

dq =d2

axis of <
symmetry

axis of symmetry

directrix

Vertical Axis of Symmetry:
x(t) = 2pty =Dt> + Et+F
where A and D have the same sign

Interesting Note:
The distances from a point on the curve to
the focus is the same as to the directrix.

Vertical Axis of Symmetry:
x(t) = 2pt+h
y(t) = pt? + k (opens upwards) or
y(t) = —pt? — k (opens downwards)
[tmins tmax] = [—¢, c]
Vertex: (h, k)

Horizontal Axis of Symmetry:
y(t) = 2pt+k
x(t) = pt? + h (opens to the right) or
x(t) = —pt? — h (opens to the left)
[tmin' tmax] =[—¢,c]
Vertex: (h, k)

Projectile Motion:
x(t) = Xg + Ut
y(t) = yo + vyt — 162 feet
y(t) = yo + vyt — 4.9t* meters
v, =vcosH
vy, =vsinb

General Form:
x=At?+ Bt+C
y=Dt>’+ Et+F

where A and D have the same sign
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Rectangular Polar Parametric
if y=sin6 then® = sin"'y  or 6 = arcsiny
if y=cos@ then® = cos™'y  or 6 = arccos y
if y=tan@ then 6 = tan™ly or 8 = arctany
Inverse _ _
ey FUFT2 @) = FH () = x
if y=csc@ then = csc™ly or 8 = arccscy
if y=secH then = sec™'y or 8 = arcsecy
if y=cot@ then = cot™ly or 8 = arccoty
S =ro Circle:
L=s=10
S
A o en
Arc Length L = (fraction of circumference) -
7 - (diameter)
b= (L) ry =rs
S =\5- n(2r)=r
. square: p=ds Circle: C = nd = 2mr
Perimeter | Rectangle: P =2/ +2w Ellipse: C ~ m(a + b)
Triangle: P=a+b+c pse:t =
Triangle: A=%Bh
Square: A=s? Triangle: A =% ab sin(C) \ /BtB
Rectangle: A=lw Frustum: A= (%) h
Rhombus: A=%%ab Triangle using Heron’s Formula:
Area Parallelogram: A =Bh A= \/S(S —a)(s=b)(s—¢) Circle: A =rnr?
Trapezoid: A= (BatBs) h b a+b+c Circular Sector: A =% r?6
where s = ——— ep- -
Kite: 4 = d12d2 \/25 Ellipse: A =rmab
Equilateral Triangle: A = Tsz
Lateral Cylinder: SA =2nrh
Surface
Cone: SA =nurl
Area
: - 2 -
Cube: SA = 62 Cone: SA =nr ;I-nrl nir (r+1)
Total Sphere: SA =4nr
Surface Rectangular Box: SA = 2lw + 2wh + 2hl Ellipsoid- SA = (too complex)
Area Regular Tetrahedron: SA = 2bh psord: - p

Cylinder: SA =2nr (r+h)
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Rectangular Polar Parametric
Cube: V=s3 Pyramid: V=2%Bh
Rectangular Prism: V =Iwh Cone: V=2%bh=%nr*h
Volume Cylinder: V=nr*h Sphere: V=23
Triangular Prism: V=Bh o "
Tetrahedron: V=% Bh Ellipsoid: V=2 nabc

AP Precalculus Exam

Multiple Choice Weighting

Units Exam Weighting
Unit 1: Polynomial and Rational Functions 30-40%
Unit 2: Exponential and Logarithmic Functions 27-40%
Unit 3: Trigonometric and Polar Functions 30-35%

Unit 4: Functions Involving Parameters, Vectors, and Matrices | 0%

Mathematical Practices Key

¥88 Procedural and Symbolic Fluency

A8 Multiple Representations

£ Communication and Reasoning
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Rectangular Polar Parametric

Polynomial Exponential and Trigonometric Functions Involving
uNIT : UNIT 5 z UNIT d Pol UNIT Parameters,
1 and Rational 2 Logarithmic 3 A Polar 4  Vectors,and
Functions Functions Functions :
Matrices
6-8...  |30-40%5w, 6-9..  |27-40%i5m, 7-10...  |30-35%&5m, 7. | 0w sz,
1.1 Change in Tandem 2.1 Change in Arithmetic 3.1 Periodic Phenomena 4.1 Parametric Functions
and Geometric
1.2 Rates of Change Sequences 3.2 Sine, Cosine, and 4.2 Parametric Functions
- Tangent Modeling Planar
1.3 Rates of Change in 2.2 Change in Linear and Motion

3.3 Sine and Cosine
Function Values

Linear and Quadratic

: Exponential Functions
Functions

4.3 Parametric Functions
and Rates of Change

2.3 Exponential Functions
3.4 Sine and Cosine

Function Graphs

1.4 Polynomial Functions
and Rates of Change 2.4 Exponential Function

Manipulation

4.4 Parametrically Defined
Circles and Lines

1.5 Polynomial Functions 3.5 Sinusoidal Functions

and Complex Zeros

2.5 Exponential Function
Context and Data
Modeling

4.5 Implicitly Defined

3.6 Sinusoidal Function Functions

Transformations

1.6 Polynomial Functions
and End Behavior

. z R 4.6 Conic Sections
8.7 Sinusoidal Function

2.6 Competing Function
1.7 Rational Functions and

Model Validation Context and Data 4.7 Parametrization of
End Behavior Modeling Implicitly Defined
2.7 Composition of Functions
1.8 Rational Functions and Functions 3.8 The Tangent Function
Zeros 4.8 Vectors

3.9 Inverse Trigonometric
Functions

= z 2.8 Inverse Functions
1.9 Rational Functions and

Vertical Asymptotes

4.9 Vector-Valued
Functions

2.9 Logarithmic
Expressions

3.10 Trigonometric

1.10 Rational Functions and Equations and

4.10 Matrices

Holes 2.10 Inverses of Exponential Inequalities
Functions 4.11 The Inverse and
1.11 Equivalent 3.1 The Secant, Cosecant, Determinant of a
Representations 2.11 Logarithmic Functions and Cotangent Matrix
of Polynomial and Functions
Rational Expressions 2.12 Logarithmic Function 4.12 Linear Transformations
Manipulation 8.12 Equivalent and Matrices
1.12 Transformations of Representations
Functions 2.13 Exponential and of Trigonometric 4.13 Matrices as Functions
Logarithmic Equations Finctions

1.13 Function Model
Selection and

and Inequalities
4.14 Matrices Modeling

3.13 Trigonometry and

Assumption 2.14 Logarithmic Function Polat Coordinaten Contexts
Articulation Context and Data
Modeling 3.14 Polar Function Graphs
1.14 Function Model
Construction and H 2.15 Semi-log Plots 3.15 Rates of Change in
Application Polar Functions
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