
3D Coordinates
MAT 229, Spring 2021

Week 15

◼ Stewart’s Calculus
Section 12.1: Three-Dimensional Coordinate Systems

◼ Calculus, Volume 3 (Authors: Gilbert Strang and Edwin “Jed” Herman)
Chapter 9. Vectors in Three Dimensions

2D Coordinates
For points in the plane we have Cartesian coordinates (x, y) and polar coordinates (r, θ). Two numbers 

are needed to address any point.

(source)

Question

How are locations on Earth’s surface typically represented? (Video)

http://ceadserv1.nku.edu/longa/classes/mat229/highlights/12.1.pdf
https://opentextbc.ca/calculusv3openstax/chapter/vectors-in-three-dimensions/
https://www.101computing.net/polar-vs-cartesian-coordinates/
https://nku.zoom.us/rec/share/oLT-4Olmk-CcHk4bo_X9hK_5xIHpJeprZomCNp5rR-sTRdUvVgxqZ8xJu49jnoHD.NKsOqomx9g4ZoheM


3D Coordinates

Question

What information is needed to locate the position of a flying plane?

Cartesian  coordinates in 3D

Start with the x-y plane. Add depth with the z-axis coming out perpendicularly from the plane (that is, 
at an angle of 90°). A point in space has coordinates (x, y, z) where

◼ z is the distance of the point from the x-y plane

◼ y is the distance of the point from the x-z plane

◼ x is the distance of the point from the y-z plane

Questions

◼ The equation z = 3 is the set of points (x, y, z) with z = 3. What is the shape of this set? (Video)

◼ The equation x = 2 is the set of points (x, y, z) with x = 2. What is the shape of this set? (Video)

◼ Give an equation for the plane that is parallel to the y-z plane and is 5 units from it in the positive x 

direction.

◼ Sketch the equation x + y = 3. (Video)

What does the fact that the equation is independent of z tell you? 

◼ The equation y > 1 is the set of points (x, y, z) with y > 1. What is the shape of this set? (Video)

What does the fact that this equation is independent of both x and z tell you? 

Distance

Questions

We want to find the distance between (1, 2, 0) and (2, 1, 3).

◼ Draw a box with one corner at (1, 2, 0) and the diagonal corner at (2, 1, 3).
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https://opentextbc.ca/calculusv3openstax/chapter/vectors-in-three-dimensions/
https://nku.zoom.us/rec/share/fA6sSD8aCvyuN6T5aeMjCHXQlGCuQqmRp8U7muTd54-_0lm5-Zh7IYmi8qlOy_Tu.8-Tcl8T5TtKmvLKM
https://nku.zoom.us/rec/share/9BO_xbwTZGYF5D6Mipj3a3TJUJTU4fljHnY7udBvQKmu7jz_aPN3xB-PeOduTA0s.KotddqZ2Ulin1Dzj
https://nku.zoom.us/rec/share/UpSn5Xf8g_lpEHXA5u5NQSq88mRoZMK4rm3CJO6BIQGN8DfBITw4qKc8GEOXQnuC.eXGhGMrmeufAQtlI
https://nku.zoom.us/rec/share/UgOEFUHv2Ns7Bf_k7fRY-dOfGSdATALapWE7JcZV6f6aDGHgHtf3HkNIcBeaPJmF.r9w1KGv5NzsP4X3P


◼ What are the dimensions of this box?

◼ What is the distance between the two points?

(Video)

3D distance

The distance between points (x1, y1, z1) and (x2, y2, z2) is

(x1 - x2)2 + (y1 - y2)2 + (z1 - z2)2 .

Notice how this compares to the distance formula for points in the plane.

Questions

Consider the triangle whose vertices are (3, -2, -3), (7, 0, 1), and (1, 2, 1).

◼ Is it a right triangle?

◼ Is it an isosceles triangle?

(Video)

Questions

Consider the set of points (x, y, z) that are a distance of 2 from the origin (0, 0, 0).

◼ What is an equation that x, y, z must satisfy for (x, y, z) to be in this set?

◼ What is this shape?

(Video)

Spheres

From the distance formula, we can deduce an equation of the sphere centered on C(a,b,c) of radius r. 
The sphere is the set of all points equidistant, at a distance r, from the center. 

That is, a sphere is the set of points that are the same distance, the radius, from a specified point -- the 

sphere’s center. If the radius is r and the center has coordinates (a, b, c), then this is an equation for 
the sphere:

(x - a)2 + (y - b)2 + (z - c)2 = r2.

Questions

◼ The equation (x - 2)2 + y2 + (z + 3)2 = 4 represents a particular sphere.

◼ What is its center?

◼ What is its radius?

◼ Describe its intersections with each of the coordinate planes.

(Video)
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https://nku.zoom.us/rec/share/DsbYsbT-ro6Nz4SK_I8oHjaI3XjJyZ_kc6-NaKH5XcXPQhKTl_5cp8ECpJfiI70I.S_MUb4ErvWhH_c7v
https://nku.zoom.us/rec/share/_QFfaT3xIx9Z_CSh_ibGuSPHg_TxwgEOG5U1RrIjZUZknYiBpxbEcxiwPudoLOMh.I8ZD-sncOazpIOwU
https://nku.zoom.us/rec/share/pTqsFfN4p1A8384r5jegDHAI4Cfor1aDmoFOImIF2x7Mhnft89z5Zau5ND53azDU.4W1JJNbCts5BFjBO
https://nku.zoom.us/rec/share/dzbkACpbd-kkObFhdb-2Ndde9MVTNr2LhsRU05Juobm5_75ATScYC1MMqoD77jrG.44BmE0PPhZznKg18


◼ The equation x2 + y2 + z2 + 2 x - 4 y - 10 z = 0 represents a sphere.

◼ What is its center?

◼ What is its radius?

(Video)

Homework
◼ IMath problems on the Three-Dimensional Coordinate Systems
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https://nku.zoom.us/rec/share/IpTTLgjHTY-pavLwvzlyAudEw_8cMJYyxaLjBz5TtpoObwcVFT9M1taU-qBAIszT.s6hv0Cq08rw479O_

