Math 331 Exam 1 solutions Spring ’08

1. Compute P1=2]2P[Y] explicitly.
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SOLUTION: We write p[BQ]%p[g]% = 0¢0m0m0y. This says ¢ and
m go through [ ] with the directed angle from m to ¢ equal to
7, while m and n go through [9] with the directed angle from n
to m §. Thus, m goes through both [7?] and [9], and hence has
slope 1 and y-intercept [§], so m is the line y = = + 2.

Since the directed angle from m to £ is 7, £ is vertical. Since £
goes through [ ], ¢ is the line z = —2.

Since the directed angle from n to m is 7, n is horizontal. Since
n goes through [9], n is the line y = 2. Thus,

p[—()?]’gp[g]7 = 0p0mOm0n

o

= 0¢0p

Peon,m

2. Compute p[ 0,2 Po,—2x explicitly.
— 573 ’
SOLUTION: We write p[ 0] 2Py 2r = OpOmOmOn. This says ¢
— 173 ’

and m go through [ %] with the directed angle from m to ¢ equal
to %, while m and n go through 0 with the directed angle from n
to m equal to —%. Thus m goes through both [ %] and 0, hence
m is the y-axis, x = 0.

Since the directed angle from m to £ is %, £ has slope —\/Lg. The

point-slope formula for ¢ is

y-(=2)_ 1
x—0 V3’
. . _ 1
so the equation for ¢ is y = v 2.

s

Since the directed angle from n to m is —%, n also has slope
—\/Lg. Since n goes through the origin, the equation for n is y =
1
o | |
As above, p[ 0] 20 Py, 22 = OOp. Since ¢ and n are parallel, this
—23 ’
gives a translation. To find the translation vector, we must first

find a perpendicular, ¢, to both ¢ and n, which, for convenience
may as well go through the origin.
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The slope of ¢ is ——— = /3, so ¢ is the line y = v/3z. The

slope £
_ V3
directed distance from n to fisnNg—¢(Nqg=0—4¢{Nq = [ 2 }

So the translation vector is twice that directed distance, giving
PLo) 505 = )

. Compute PoOxT[ 2] explicitly.
2

SOLUTION: We write po,ﬂT[_g] = 0¢0mOm0,. This says ¢ and

™

m go through 0 with the directed angle from m to ¢ equal to 7,
while m and n are both perpendicular to [ 5?] with the directed
distance from n to m equal to [ }']. Thus, m goes through 0 and
is perpendicular to [3?], and hence has slope 1. Thus m is the
line y = x.

Since £ goes through 0 and the directed angle from m to £ is 7,
( is the line y = —=.

Since n || m and the directed distance from n to m is [ '], n
goes through [ 1 ]. The slope of n is 1, so the point-slope formula
for n is

y+1

r—1
so the equation fo n is y = x — 2. An easy calculation shows that
(nn=[21] so

1

Y

PO,WT[%] = P[ L]
2 “1)
. Let ¢ be the line y = 0 (the z-axis), m the line y = \/Lgm, and n
the line y = V3. Compute o,0,,0, explicitly.
SOLUTION: The directed angle from ¢ to m is %. Since both go
through 0, 0,00 = po,z. Thus,

OnOm0yp = O-npO,%

= OnOnOm,

us

since the directed angle from m to n is %,
= Om-
. Let £ be the line y = —x — 2. Compute oyp, 8 explicitly.

SOLUTION: Let m be the line parallel to ¢ through 0. Then m is
the line y = —z. Let n be the line through 0 such that the directed
angle from n to m is %’T. Then n is the z-axis, and 0,0, = Po 8z -
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We next calculate the directed distance from m to ¢. To do
this, note that the line, ¢, through 0 perpendicular to m and ¢ is
y = x. ¢ intersects ¢ at [Z{]. So the directed distance from m
to is [Z1] —0=[Z}]. So 0¢oy, is the translation by twice this

distance, or 7'[_1]. Thus,
-1

O'gp07377r = 0¢p0m0p
= T[_%]O}L
B
= T7—-2107+0n0n,
o]

where r is the line y = —1,
= T[—-210p,
(o]

a glide reflection with axis r, as [ 2] || r.



