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MATH 2550 g.] w/ Dr. Sal Barone

- Dr. Barone, Prof. Sal, or just Sal, as you prefer

Daily Announcements & Reminders:

MATH 2551 J/HP Spring 2026 Calendar

Date Lecture/Studio Topics Assignments Homework Due Other Notes
Week 1 Mon Jan 12(Studio: Review prerequisites PA#1
Tue Jan 13 re: 12.1
Wed Jan 14(Studio: 12.1
Thu Jan 15 re: 12.4, 12.5

Goals for ‘Foday=—__ Sections 12.1, 12.4, 12.5

e Set classroom norms
e Describe the big-picture goals of the class
e Review R? and the dot product

e Introduce the cross product and its properties

Class Values/Norms: o) Q u Jﬁ

3O
o(Le S W2 -
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e Mathematics is collaborative

e Make sure everyone is included
e Criticize ideas, not people
e Be respectful of everyone
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W Jorrbe  Calcoaset
Big Idea: Extend differential & integr®l calculus.

What are some key ideas from these two courses? UO\}W -
n

Differential Calcululs/ \S'S-‘ tegral Calculus
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Before: we studied single-variable functions f : R — R like f(z) = 222 — 6.

Now: we will study multi-variable functions f : R” — R™: each of these functions
is a rule that assigns one output vector with m entries to each input vector with n
entries.

g *Q’L‘)C,q) = (Zzzc‘ , ‘17’ +, XY -—LB
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§12.1: Three-Dimensional Coordinate Systems
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uestion: What shape is the set of solutions (z, v, 2) € R? to the equation 2%241y% =
Yy Yy
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§12.3, 12.4: Dot & Cross Products

Definition 1. The dot product of two vectors u = (uy,us,..., u,) and v =

(v1,v9,. .., V) 18
>

Us W

u-v= ulq’c“' ng\Ts. t --- + M&&E‘-

This product tells us about 0\(‘\‘\’\060‘\-“1 / Q)L%[\Q, keeen C\F:@_&r:(
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In particular, two vectors are orthogonal if and only if their dot product is D :

Example 2. Are u = (1,1,4) and v = (=3, —1, 1) orthogonal?

s =
Compre (e = O \ g e

= —3-l«k =0
6o A i ortwdond o {F
M @v\&‘,
LWt e (5 = - ot h:fé -
A Qoitromses WX oL Lo atker. A== .
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10.) dxﬁ/ feeli v %= orvy

s Yo

Goal: Given two vectors, produce a vector orthogonal to both of tEm'm aiﬁ‘nql’be“’
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Definition 3. The cross product of two vectors u = (uy, uz, ug) and v = (vy, va, v3)

.—t

in R? is
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Example 4. Find (1,2,0) x (3,—1,0).

S rb
U= Cu200 o Gxv=|
3

(\—: <3/-\/°>
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Example 5. You try it/ Find (2,1,0) x (1,2, 1).

T 5 f
2 0,
| l

l
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Some common [AJN] things to look out for.

[A] Accuracy oS C «[@3

e simplify answer ) ﬁ* Z

e box answer \/
[J] Justification

e minus sign on j component

e show intermediate steps
[N] Notation

e use = sign for expressions that are equal

e vector notation vs. point notation

X X

s
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A Geometric Interpretation of u x v

The cross product u x v is the vector

u x v = (Jul|v|sinf)n

where n is a unit vector which is normal to the plane spanned by u and v.

Since n is a unit vector, the magnitude of u x v is the area of the parallelogram

spanned by u and v.
lu x v| = |u||v|sin@
= i NONLY 3 by 2 o g T

Example 5. Find the area of the parallelogram determined by the points P,

and R.
e P(1,1,1)) 9(2,1,3),(R(3,-1,1
60‘ A= PQ = d&‘ 6?
FB ::(2—\ 1-\, 3-1)

So tow = |yl = Yiee e bor = berlory =1367 o
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§12.5 Lines & Planes p sy pons

g Tur https://mat
Lines in R?, a new perspective: /
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Example 7. Find a vector equation for the line that goes through the points P =
(1,0,2) and @ = (—2,1,1).

l[b) = 6? % 4 v / tef C&v\gwe/r \-(g‘ae,\

= <1027 % Pas 2 =<1, 027

a—
—

{=3,\ <1
[14) = €),0,22 =t {-3.4,-9 V@%
(o oo :

1
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Planes in R?

S —

Conceptually: A plane is determined by either three points in R? or by a single
point and a direction n, called the normal vector.
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Algebraically: A plane in R? has a linear equation (back to Linear Algebra! im-

posing a single restriction on a 3D space leaves a 2D linear space, i.e. a plane)
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Example 8. Consider the planes y — z = —2 and x — y = 0. Show that the planes
intersect and find an equation for the line passing through the point P = (—8,0, 2)

which is parallel to the line of intersection of the planes.
H-Y=0C

g 5o Mgt () et B weager
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Example 9. You try it/ Find the plane containing the lines parameterized by

((t) = (1,1,1) +t(2,1,0), —00 <t <00
lo(s) = (0,—1,0) + s(1,2, 1), —00 < § < 00

Give your answer in the form Az+By+Cz = D or a(x—x¢)+b(y—yo)+c(z—2p) = 0.
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Example 9. You try it/ Find the plane containing the lines &aram?elriz%d bg
= 1 4,0

01(t) = (1,1,1) + 4(2,1,0), —00 < t < 00 U=\, 2,1
ly(s) = (0,—1,0) + s(1,2, 1), —00 < § < 00

Give your answer in the form Az+By+Cz = D or a(x—x¢)+b(y—yo)+c(z—2p) = 0.

UER () Pt A abes et
- {o T @\he

@ U o ey

O (7("’ P ) + BC% - ‘J’L\S € QC% 2= O

A A =

S o > _ b J \Q, ” A
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(- —z(y-H+3(z-D =0
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¢ o -\ — 2y *2 +22—3 =0 /K
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