
Turn it out . . . dilate one time . . . dilate two times . . . Day 6: Heavy Rotation

Day 6: Heavy Rotation

Important Stuff

1. The function T transforms points according to the rule A “transformation” GOOOOOOOOOOOOOOAL
doesn’t move points, it
makes new GOOOOOOOOOOOOOOAL
ones, but people often say
a point moves in a transfor-
mation. For example, (3, 5)
maps to (12, 20) under
transformation T .

T(x,y) = (4x, 4y)

a. Use T on a bunch of points until you can describe
what T does.

b. Find all inputs for T that are the same as their out-
puts.

Opener

2. Triangle BEN has vertices B(2, 1), E(4, 1), and N(4, 5).
a. On a blank GeoGebra sketch, place a point O at the origin by

typing “O = (0, 0)” in the input bar.
b. Use the Polygon tool to create triangle BEN.
c. Use the “Rotate about Point” tool to rotate triangle BEN coun-

terclockwise around O by 90◦.
d. What are the coordinates of the new triangle’s vertices?
e. The function J transforms points by rotating them 90◦ counter-

clockwise about point O. Find its rule:

J(x,y) = ( , )

f. Find all inputs for J that are the same as their outputs.

3. A different Ben repeats the transformation in Problem 2 You can choose whether
GOOOOOOOOOOOOOOAL
or not you want to
employ GeoGebra for
GOOOOOOOOOOOOOOAL
this problem.

a whole bunch of times.
a. What happens after the transformation is applied

twice to triangle BEN? How do the new points
relate to the original BEN?

b. What happens after the transformation is applied
three times?

c. . . . four times?

d. . . . five times?

e. . . . thirteen times? Four times, five times,
thirteen times, 102 times,
that’s like 26,520 times.f. . . . 102 times?
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4. Meghan takes rectangle MARY with vertices M(1, 2), Mary, Mary, quite contrary,
how does your garden
grow? In a rectangle.

A(1, 4), R(7, 4), Y(7, 2) and applies the transformation

M(x,y) = (x− y, x+ y)

a. Compute the dimensions and area of the original
rectangleMARY.

b. Draw the new shape that results from the transfor-
mation. Is it still a rectangle? Compute the dimen-
sions and area of the new shape.

c. Meghan applies the transformation again! What
happens? DescribeM2(x,y) as a transformation. The notation M2(x,y)

means to apply M twice.
It could also be written
M(M(x,y)) but gets
annoying when done
repeatedly.

d. Describe transformation M(x,y) as clearly as you
can.

5. Wendy takes triangle BEN from Problem 2 and applies
a wacky transformation:

W(x,y) = (4x− 2y, x+ 2y)

a. Compute the dimensions and area of the original
triangle BEN.

b. Draw the new shape that results from the transfor-
mation. Is it still a triangle?

c. Compute the dimensions and area of the new shape.

6. For each point, determine whether it is the same dis-
tance from (0, 2) as it is from the line y = −2.
a. (4, 4) b. (−4, 2) c. (12,−6)
d. (0, 0) e. (6, 4.5) f. (x,y)

Neat Stuff

7. Here’s an equation: x2 + xy+ y2 = 27. Yep. Definitely an equation.

a. Find at least four points that make this equation
true. These points satisfy the equation like Snickers.

b. Type the equation into the input bar in GeoGebra. Make sure you type in x2 as
“x^2” and xy as “x∗y”.
Oh, snap to grid!

Oh, snap! What kind of shape is this?
c. Use GeoGebra to find all intersections between the

curve and the line y = x, and between the curve
and the line y = −x.
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8. a. Use GeoGebra to graph the equation that you got
in Problem 6f. What kind of shape is this?

b. Tylan wants you to transform this graph using T
from Problem 1. To what point and line would this
curve be equidistant? What new point and line

would result after transfor-
mation T?

c. What equation describes all points (x,y) that are
equidistant to the point and line you identified in
the previous part?

9. For each of these points, determine whether it is three
times as far from (9, 0) as it is from (1, 0).
a. (0, 3) b. (7, 0) c. (−2, 2)
d. (−3, 0) e. (1,−5) f. (x,y)

10. a. Expand (
√

3 +
√

6)2. Expand this expression like
GOOOOOOOOOOOOOOAL
you would expand (x+ y)2.b. Rewrite

√
9 + 6

√
2 and

√
9 − 6

√
2 without nested

square roots.
c. For each point that you found in Problem 7a, calcu-

late the sum of its distances to (3
√

2,−3
√

2) and to
(−3
√

2, 3
√

2).

11. Prove geometrically that a line with slope a
b

and a line
with slope −b

a
form a 90-degree angle.

12. a. Three numbers add to 13 and multiply to 36. Find Census takers who love
math may already know the
answer here.

both sets of positive integers.
b. Find two distinct rectangular boxes with volume

162 and surface area 234.
c. If each box’s dimensions are a by b by c, compute

the product

(x− a)(x− b)(x− c)

and discuss any findings.

13. The point (−3,−3) is on the graph of x2 + xy + y2 =

27. For each slope listed, consider the line of slope m
through (−3,−3), and find the coordinates of the other
point on the graph that this line passes through.

a. 1 b. 2 c. 1
2 d. 3

5 e. a
b
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14. a. Remember the graph of the equation from Prob-
lem 6f? Mariah wants you to transform the graph If you do this for Mariah,

it’ll be one sweet day. Be a
hero, not a heartbreaker!

usingM from Problem 4 instead. To what point and
line would this curve be equidistant? What equa-
tion describes all points that are equidistant from
this point and line?

b. Wendy wants you to repeat this problem using
her transformation W from Problem 5. Does it still
work?

15. a. Find a transformation A so that A8(x,y) = (x,y)
and An(x,y) 6= (x,y) for 1 6 n 6 7. BEN’s transformation J has

this property for J4. Did you
know the poker hand J4 is
called the flat tire, because
it’s a “jack four”? Exciting.

b. Find a transformation B so that B6(x,y) = (x,y)
and Bn(x,y) 6= (x,y) for 1 6 n 6 5.

16. Solve Miley’s “Party in Triangle USA” problem using a
rotation of something inside the triangle, instead of a
construction of equilateral triangles.

17. In Problem 5, Wendy’s transformation takes a triangle, Wendy’s transformation
also changed Frostys to
have multiple flavors. There
is only one true flavor of
Frosty, Wendy!

and produces a triangle. Or does it? Determine whether
or not the points on one side of triangle BEN are on a
straight line after transformationW.

18. After Problem 5, Wendy transforms the triangle again!
a. What happens to the dimensions and area now?
b. Describe transformation W2 as accurately as you

can. “Second point to the right,
then straight on until
morning.”

Tough Stuff

19. Find several triangles that have integer side lengths and
a 60◦ angle. No, more interesting ones!

20. Suppose n is a positive integer. Find a rule that deter-
mines whether there is a right triangle with area n and USA! USA! USA wins 5-2 in

World Cup Final, celebrates
by blowing up a bunch of
stuff the night before.

rational numbers as side lengths.

21. Take a triangle, and make a new shape using the trans-
formation P(x,y) = (ax+by, cx+dy). Find integer val-
ues for a, b, c, and d so that the new shape has a smaller
area than the original, but still some area.
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