Lines in the Curriculum:

A persistent obstruction to Achievement

Connecting Algebra and Geometry

Mike Fried Lines in the Curriculum



Summary

Today's Problem: : Use 9th grade algebra and 10th grade geometry
to describe lines in 3-space. A student who understands lines,
understands a lot.

@ Part |I: Description of Lines in the K-14 Curriculum
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Summary

Today's Problem: : Use 9th grade algebra and 10th grade geometry
to describe lines in 3-space. A student who understands lines,

understands a lot.

@ Part |I: Description of Lines in the K-14 Curriculum

Q o I.A: There are many lines in the curriculum
e |.B: The Point of Lines: Direction and Orientation
e |.C: What is a line?: A Persistent Curricular Problem

© Part Il: How do we use lines to understand solutions of Linear
Equations. A presentation for later.
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Part |: Description of Lines in the K-14 Curriculum

I.A: There are many lines in the curriculum

Rubric: What is a line in —7
[In practice the material is usually taught earlier than given here.]

@ In Kindergarten? Answer: A "straight" cut by scissors in the
hands of a teacher or coordinated child.
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@ In Kindergarten? Answer: A "straight" cut by scissors in the
hands of a teacher or coordinated child.

@ In 4th grade? Answer: The result of a steady hand in pulling a
pencil across a ruler.
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Part |: Description of Lines in the K-14 Curriculum

I.A: There are many lines in the curriculum

Rubric: What is a line in —7
[In practice the material is usually taught earlier than given here.]

@ In Kindergarten? Answer: A "straight" cut by scissors in the
hands of a teacher or coordinated child.

@ In 4th grade? Answer: The result of a steady hand in pulling a
pencil across a ruler.

© In 8th-9th grade? Answer: An expression like y = 2x + 3.

@ In 10th grade? Answer: It is undefined, except by properties:
Two points determine a unique line.
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Part |: Description of Lines in the K-14 Curriculum

I.A: There are many lines in the curriculum

Rubric: What is a line in —7
[In practice the material is usually taught earlier than given here.]

@ In Kindergarten? Answer: A "straight" cut by scissors in the
hands of a teacher or coordinated child.

@ In 4th grade? Answer: The result of a steady hand in pulling a
pencil across a ruler.

© In 8th-9th grade? Answer: An expression like y = 2x + 3.

@ In 10th grade? Answer: It is undefined, except by properties:
Two points determine a unique line.

@ In 11th-12th grade? Answer: An expression like y = mx + b.
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And it both continues and gets used in other courses

@ In High School Chemistry? Example: A boundary between two
phases of a substance in a plot of temperature versus pressue.
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And it both continues and gets used in other courses

@ In High School Chemistry? Example: A boundary between two
phases of a substance in a plot of temperature versus pressue.
@ In 1st year Calculus/physics? Answer: y = mx + b:
m = L (f(x))|x=x, for f(x) at a point xo.
Approximating 4th grade line to the graph of f near xg.
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And it both continues and gets used in other courses

@ In High School Chemistry? Example: A boundary between two
phases of a substance in a plot of temperature versus pressue.

@ In 1st year Calculus/physics? Answer: y = mx + b:
m = L (f(x))|x=x, for f(x) at a point xo.
Approximating 4th grade line to the graph of f near xg.

© In 2nd year Calculus or in physics? Answer:
In R* : {(x0, %0, 20) + t(u, v, w) | t € R}.

A parametric line: t is a parameter.
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|.B: The Point of Lines: Direction and Orientation

Suppose | want to guide you to somewhere where you are walking
across a field. | might use time and direction.

e Walk in the (u1, v1,w) direction for t; minutes at the rate

U2 + v2 + w? = r, feet/minute.
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|.B: The Point of Lines: Direction and Orientation

Suppose | want to guide you to somewhere where you are walking
across a field. | might use time and direction.

e Walk in the (u1, v1,w) direction for t; minutes at the rate
U2 + v2 + w? = r, feet/minute.
@ Then, walk in the (u2, v2, wo)direction for t, minutes at the
rate 1/ U? + vZ + w2 = r, feet/minute.

@ How would | explain this to you? Answer: | might use my left
arm to point. Maybe you are on an airplane (or a proton) and
I'm directing you to a target up in the air.
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|.B: The Point of Lines: Direction and Orientation

Suppose | want to guide you to somewhere where you are walking
across a field. | might use time and direction.
e Walk in the (u1, v1,w) direction for t; minutes at the rate
\/U? +vZ + w2 = n feet/minute.
@ Then, walk in the (u2, v2, wo)direction for t, minutes at the
rate 1/ U? + vZ + w2 = r, feet/minute.
@ How would | explain this to you? Answer: | might use my left

arm to point. Maybe you are on an airplane (or a proton) and
I'm directing you to a target up in the air.

@ What picture might | have?: Answer: At time t = 0 you are at
(x0, Y0, 20). You end up in one minute at
(xo + u,yo + v, 2o + z), in 2 minutes at
(x0 + 2u, yo + 2v, zg + 2z), 3 minutes, etc.
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|.C: What is a line?: A Persistent Curricular Problem

If y =2x+ 3 is a line in (x, y)-space,
then is z = 2x + 3y + 4 a line in (x, y, z)-space?

@ Why would you think this is a line?
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|.C: What is a line?: A Persistent Curricular Problem

If y =2x+ 3 is a line in (x, y)-space,
then is z = 2x + 3y + 4 a line in (x, y, z)-space?

@ Why would you think this is a line?

@ Answer: It looks like the formula for a line, and it has the right
number of variables.
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|.C: What is a line?: A Persistent Curricular Problem

If y =2x+ 3 is a line in (x, y)-space,
then is z = 2x + 3y + 4 a line in (x, y, z)-space?

@ Why would you think this is a line?

@ Answer: It looks like the formula for a line, and it has the right
number of variables.

© s there a reason it might not be a line?
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Using the principle: Two points determine a line.

@ Setting x = 0 confines points on S to a coordinate plane.
Se=0={(0,y,2) | z=3y + 4}.

Same with y = 0. Do the points so confined look like lines?
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@ Setting x = 0 confines points on S to a coordinate plane.
Se=0={(0,y,2) | z=3y + 4}.

Same with y = 0. Do the points so confined look like lines?

@ In each coordinate plane there is a traditional 9th grade line.
Two distinct (not parallel) lines on S meet at (0.0.4) € S.

Mike Fried Lines in the Curriculum



Using the principle: Two points determine a line.

@ Setting x = 0 confines points on S to a coordinate plane.
Se=0={(0,y,2) | z=3y + 4}.

Same with y = 0. Do the points so confined look like lines?

@ In each coordinate plane there is a traditional 9th grade line.
Two distinct (not parallel) lines on S meet at (0.0.4) € S.

© The points (1,1,9) and (—1,—1,—1) are on S. If you have a
plane in R?, would you expect that all points on the line

L((17 17 9) : (_17 _17 _1))
they determine are also on S. How would you check? Hint:

How would you write expressions for those points?
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Using the principle: Two points determine a line.

@ Setting x = 0 confines points on S to a coordinate plane.
Se=0={(0,y,2) | z=3y + 4}.

Same with y = 0. Do the points so confined look like lines?

@ In each coordinate plane there is a traditional 9th grade line.
Two distinct (not parallel) lines on S meet at (0.0.4) € S.

© The points (1,1,9) and (—1,—1,—1) are on S. If you have a
plane in R?, would you expect that all points on the line

L((1,1,9): (—-1,-1,-1))

they determine are also on S. How would you check? Hint:
How would you write expressions for those points?

@ Euclid had no definition for a plane: No joke!



Mathematica produces S
Two lines on a Plane
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Mathematica produces S

Two lines on a Plane

/ ILine Sy—o
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