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Preface

To the instructor:

This manual contains solutions for half of the 200 problems in our geometry text. Our
concentration has been primarily on problems in the first eight chapers, but later chapters are
certainly represented. We were able to produce the prose portion of the problem solutions
in Scientific Word (courtesy of Nydia Rodriguez - to whom we owe many thanks) and we
hope they are succinet but readable. Because of time pressures, the figures are hand-drawn
and not up to the graphics standards of the text itself. We hope to remedy this in any later
editions. Primarily, we hope this manual is helpful to its users.

A.B. and J.G.
Chicago, IL
September, 2001
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Given AB 2 DE,BC = EF, and AC = DF in AABC and ADEF respectively.
We want to show that the two triangles are 2. Construct G on the opposite side of

BC from Aso that ZGBC & /E and ZGCB = /F. Work with the case where AG
intersects B C’ in the point H, which is between B and C, as in the picture above. (The
cases where H = B, H = C, H to the left of B, and H to the right of C are similar
and must be done separately We just do the one) By ASA, we have ABGC =
AEDF. From corresponding parts, GC = DF, and by transitivity, AC = GC. So,
ZCAH = ZCGH. Inlike manner, obtain /BAH = ZBGH. Add the angle measures
to conclude Z/BAC = ZBGC. Consequently, ABAC = ABGC, from SAS. Since =
is a transitive relation on A, ABAC = AEDF and we are finished.
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Assume the data of the problem. Because AB & DE, the triangles may be orlented as
in the picture, A and D coincide, B and E coincide. ZABC+ ZDEF = 180°, so CBF
is a line. From AACF isosceles, obtain ZACF & ZAFC. Claim: CB 2 BF; for, if not,
one of CB or BF is smaller. Suppose CB < BF. Then there is a point GG in the interior
of BF such that CB = BG. But from SAS, ANABC = NABG. .. LAGC = LACF =
ZAFC. However, the exterior angle theorem implies ZAGC > ZAFC. Contradiction.
Consequently CB = BF. .. AABC = ADEF by ASA.



p. 17, #1.4

Assume the data of the problem. Suppose AB 2 DE. One of the last two segments
is longer than the other, say AB > DE. Construct G on BA so that BG = ED. From
SAS, AGBC = ADEF. . Z/BGC = /D = /A. However, from the exterior angle
theorem, ZBGC > ZA. Contradiction: Thus we must have AB = DF and therefore
AABC = ADEF by ASA.

p- 17, #1.5

Consider the alternative diagram below. Note that E is not in the interior of AABC,
that F is on AB extended, and that G is interior to AC. As in the text, obtain AF =2 AG
and BF = GC: however, we must use subtraction to get AB and addition to get AC. Thus,
the “proof” will not work here. In fact, this is the situation in any scalene A.

p. 17, #1.6

Set the points of your compass open to any convenient distance d and use it to determine
points A and B on £ (by taking P as the center of a circle) such that AP = PB = d. Now,
with compass points set on any convenient length apart > d, draw intersecting arcs of two
circles, each with this length as radius and with centers A and B.
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If ( is one of the intersection points of the two arcs, then one can show P<_+Q 1 £. The
proof follows from the fact that AAPQ = ABP(Q since we may use SS5S. Further note

that ZAPQ = ZBPQ and ZAPQ + ZBPQ = 180° imply that PQ meets £ at a 90° angle.
Further congruence considerations yield the fact that the other intersection point, R, of the

arcs lies on PQ).



p. 17, #1.7

Drop a perpendicular PA to £. Then lay-off QA = PA with Q on £. One can prove
that ZPQA = 45° without using that the angle sum is 180° in a A. It is easy to construct
length 2 - PA. Use a compass to find R on QA such that PR = 2 - PA. Here, it can be
proved that ZPRA = 30°. P

From the information given, particularly that /A > ZD, construct G, interior to
/BAC such that Z/BAG = /D and AG = DF. The above picture illustrates the
case wh?ll_) G is in the interior of AABC; the cases G on BC and G on the opposite
side of BC from A must be considered separately, but won’t be, here. By SAS,
AABG = ADEF = BG = EF. Construct the ray which bisects ZCAG and suppose
it intersects BC at H. Draw GH. From SAS and the definition of angle bisector,
AAGH = AACH, .. HG = HC. Also, in ABGH, we have BH + HG > BG = EF.
~BH+HC >FEF. ' BC > EF.
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p. 17, #1.10
(a) Assume the data of part (a).
We must show 4 pairs of triangles B e
formed by diagonalization are congruent. C & " &

We immediately have AABC & AEFG from SAS. Thus AC = EG, /BAC 2
/FEG, and ZBCA = /FGE. By subtraction, ZDAC = ZHEG and thus, by SAS,
ADAC = AHEG. Thus, DC = HG, /D = /H, and ZDCA = /HGE. By
addition, ZC = LG. We now have all the data we need to prove AABD = AEFH
and that ABDC = AFHG. This shows ABCD = EFGH for a convex figure. The
proof is similar for a non-convex figure.



(b) Applications of 959 easily reduce this situation to the case of (a).

(c) Note that part (a) is an SASAS theorem for quadrilaterals.

In the figures below, assume AB =~ FG, /B = /G, BC = GH, £C = £ZH, and
CD =~ HI. This immediately gives ABCD >~ FGHI. In addition, complete the
SASASAS assumption, by assuming £D = /I and DE =1J. From the congruence
of the quadrilaterals, AD = FI, and ZCDA = £ZHIF. By subtraction ZADE &
ZFIJ, and by SAS, AADE = AFIJ Thus, £J = ZE, AE = FJ, and, by addition,
/A = /F We now have all corresponding sides and angles congruent, consequently,
pairs of triangles formed by subsets of any three corresponding vertices are congruent,
since they are triangle pairs of congruent quadrilaterals. F
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(d) Draw a diagonal to produce a polygon of n + 1 sides as the union of an n-sided polygon
and a triangle (analogue to (c). Use the induction hypothesis on the polygon of n
sides. Note the 2 triangles thus produced are congruent.

p. 27, #2.1
a=>b: Assume {||/f;. . La = Zg. But Zg and Ze are vertical angles. Thus Za = Ze.

b=>¢: given Za = Ze. From vertical angle thm., Za = Zcand Ze = Lg . L= Zyg.

c=d: given Zc = Zg. But e ™ La = La = /g, . 180° — La = 180° — Lg . Lb =
180° — Zg = 180° — Ze, since Zg = Ze.

d=e: given £b 2 180° — Ze. But Zd = £b= £d = 180° — Le = 180° — Lg = Lh.

e=a: given Zd & £h. But £d = £b 2 Lh = {4]|{s, by alternate interior angle = parallel
lines thm.



