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[ ] Bell Work 9
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Thursday, May 14
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[] VI.16 Two-Column
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Dear Students,

I cannot believe it is already May 11th! I hope you all are doing well as we approach the end of the school
year and our study of Euclid’s Elements. This week, we will be keeping to the same routine as last week:
Monday review and corrections; videos on Tuesday through Thursday; and Friday catch-up/review,
Office Hours, and packet upload (as we will be doing for the rest of the year).

We will be continuing to make our way through Book VI this week. Unfortunately, given our limited
time, we are going to begin jumping around quite a bit, skipping many good and worthwhile propositions.
As always, you are encouraged to read these on your own if you have the time and the desire, but of
course [ will not require it. We will also begin, this week, to work a /ittle bit of number into the Bell
Works, so that you can get a feel for how ratio and proportion work for that non-geometrical magnitude.

I won’t be so bold as to boast of no typos this time (tens of “awesome points” were justly distributed last
week), but my goal will be to keep them to a minimum. Also, I hope that the videos last week helped to
make the propositions more accessible to you. Obviously, nothing can replace being in the classroom, but
I hope it helped us get just a little closer to that ideal.

I wish you a wonderful week. Enjoy the beautiful weather, and the beautiful propositions from Book VI!

Sincerely,
Mr. Mooney

Monday, May 11
Today, I would like you to:

1) Review the answer keys for all the Bell Work and Proposition Questions from last week, which
you will find as scanned documents in this packet. You need not submit your corrections to these
parts, but I encourage you to correct them nonetheless for the sake of improving your
understanding.

2) Review the “answer keys” for propositions V1.5, 6, and 8, and correct your two-column notes
from last week. Please scan and submit these corrected two-columns along with the rest of your
packet at the end of the week (just as you did last week).

Tuesday, May 12

Today, I would like you to:

1) Complete Bell Work 8. This bell work asks you to apply the ideas that you have learned about
proportions in geometrical figures to number. We will continue to practice this skill all week.

2) Read VI.9 and put it into two-column notes. Then, perform the construction below with compass
and straightedge. I am including a different two-column sheet for this proposition, with space for
the construction underneath it.

VL9 is about cutting off a “prescribed part” from a given line. Remember the definition of “part”
from the beginning of Book V. Essentially, this proposition enables to take any fraction of any
line. For example, given a line, take one fourth of it, or one tenth, or one forty-fifth. In Euclid’s



Elements, he takes one third of the line, and we will do the same in our construction, but it is
important to note that the construction applies equally well to any fraction.
(Optional: I am including a little “refresher” on how to do 1.31, the construction of a parallel line,
since it will be used in multiple constructions this week.)

3) Do the same for VI.11, writing out the two-column notes and constructing it underneath with
compass and straightedge.
VI.11, as you will see, enables us to find a third proportional. As you’ll recall, a third proportional
is a magnitude (in this case, a line) that is the final term in a proportion in three terms. That is, it
allows us to find some magnitude C, such that A:B::B:C.

Wednesday, May 13
Today, I would like you to:

1) Complete Bell Work 9, which looks at proportions in figures that have numerical lengths and asks
you to find missing lengths.

2) Read VI.12 and put it into two-column notes. Then, perform the construction below with compass
and straightedge. Again, I am including a different two-column sheet for this proposition, with
space for the construction underneath it.

VI.12 enables us to find a fourth proportional. That is, it allows you to find some magnitude D,
such that A:B::C:D.

3) Do the same for VI.13, writing out the two-column notes and constructing it underneath with
compass and straightedge.

VI.13 enables us to what is called a “mean proportional.” The mean proportional is some
magnitude B that relates to two other magnitudes A and C as the middle term in a proportion in
three terms: A:B::B:C.

Thursday, May 14

Today, I would like you to:
1) Complete Bell Work 10, which looks specifically at proportions within the special case of VLS.
2) Read the Note on VI.16, which you will find beneath today’s bell work.
3) Read VI.16 and write it out in two-column notes.

Friday, May 15
Congratulations! Another week successfully completed, with good progress made in your understanding
of ratio and proportion.

Use today to finish up any work you may still need to do from the week, attend my Office Hours from
10:30 - 11:00am (you can find the Zoom link on Google Classroom), and upload your packets onto

Google Classroom. I hope to see you in Office Hours!

Have a wonderful weekend, filled only with what is True, Good, and Beautiful.



pell Work 5 and VI.5 Questions
Bell Work 5:

g:rectlons: Provide the resulting proportion for each. Then, mark the resulting proportion on the
agram.

1, |If trlangles ABD and ADC are under the same height, &

then AABD AADC “BD: DC

B D C

2. |ftriangles ABC and DEF are equiangular,
C
then AC:AB # DF:DE
AR Re & DEEE ( \}Q
SAVACH B BD ENEE 2

3. Ifin triangle ABC, DE is parallel to BC,

E
wen BD:DA :¢ CEIEA (D
B

Note about Triangle Similarity Propositions:

Last week, you proved V1.4, which says that if two triangles are equiangular, then the sides about the
equal angles will be proportional. As| said in my note on AAA Similarity last week, this would then mean
that the two triangles are similar, because they are both equiangular and have proportional sides.

This week we will encounter two more similarity propositions: SSS Similarity and SAS Similarity. Like
AAA Similarity (V1.4), these propositions will not make any explicit mention of similarity.

They will, however, in their “if” and “then,” total up to similarity. Let me explain. VI.Def.1 has 2 list of
requirements for two shapes to be similar: they need to have (1) all equal angels and (2) 2ll proportional

sides about those equal angles. In each Similarity proposition, the “if” portion meets half of those
criteria, while the “then” portion meets the other half.

In all of these proofs, you may write as your conclusion that the triangles are similar, or you may keep to
the way that Euclid wrote it. Either way, be mindful of the fact that the end result in 2ll three of these
propositions is that the triangles are similar, having both equiangularity and proportionality of sides.




> gell \Work 6 and V1.6 Questions

gell Work &t

Directions: Provide the resulting proportion for each. Then, mark the resulting proportion on the
diagram,

C
1. 1Fin triangle ABC, angle CBA is bisected by BD, “D

ten CD: DA ! BC:BA 8

2. I triangles ABC and DEF under the same height, A D

(This is a bit tricky, because the diagram looks c F
a little different than we are used to seeing.) \ __}\

3. Ifin triangle ABC, DE is parallel to BC,

ten AD: DR &t ABIEC

V1.6 Questions

1. Draw the diagram in the box on the right,
including only the given parts (i.e. do not
include anything that was constructed).
Mark the given.

2. When triangle DGF is constructed, it is
constructed so that it will be similar to
triangle_ OABC




T,

Bell Work 7 and V1.8 Questions

Bell Work 7:

Directions: Provide the resulting proportion for each. Then, mark the resulting proportion on the
diagram.

1. Define ratio (V.Def.3): /{ rx'f'o 5 a Sof'IL()@ re/{'o"( n TCSPCC/—

of size bebween fwio Moﬂﬂ_[y&i_gﬁ_{’(u Same "1

2. Inyour own words, describe what a proportion is: /4 P/DP/)f?L’G'\ 1S a Sfa'[‘ﬁMth ’h

H\At" two fm/'los ale the same., /Asw:/s P mry\___

3. |If triangles ABC and DEF are equiangular,

then AB: AC 4 DE:DF //\ £
: LA - 2N

AC:BC “ DF: EF
and jCo AB 7Y EF : DE

V1.8 Questions
A
1. Draw the diagram in the box on the right,
including only the given parts (i.e. do not
include anything that was constructed).
Mark all given information. B D C

2. What are the two things proven in this proposition? (Euclid proves them in separate sections of

his proof.) (. AABD 1 i1 AADC afe similnr o whole AARC.
2. AABD '{ DADC ale S:Nll‘f 1!0 QQLQ OH(Lr.

3. To prove that the two smaller triangles similar to the whole, Euclid first needs to prove that they
are equiangular. To do so, he relies on the right angles, common angles (i.e. shared between
the triangles), and 1.32. Explain, in your own words, how he does this.

Eaclh of tHee 3 friangles has a r\gt& ang le, A eadlioitle swaller
{-rfanJlu Shates one angle witx 'Hq Nkolc for example, AARD «afk

whale AABC boa have a right a Share ZABD iw ;
Therefore / .32, since the .n‘?(“ oc’a“ Als A.JA {ﬁ Hee M;(Z h)“{::‘;;,‘l

4. Inthe space befow/redraw the diagram, and nfark one true proportion that results from
that the two smaller triangles are similar to the whole and to each other. *“J'CS wust
] be equal
as well,

MAk. 'H-tu
/(7 S)u-l-r(w 4).
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YIS . 7f 7' have fherr sides fmf"m}tt/’ Cf‘l‘; {.,-,:Mg/d 7:’// Jﬁ:‘cg/ﬁjv{af and will

Given: have Thoe agles equnl which

AABC,ADE@ ABIBC L DEIEF A p
beichsi gpipp p
To Prove; A CA L pe D 7 £
w C 6

AABe EADEF c.lluhnjulﬂl' :’;Eii?;;
“RAcCcEDF
Statements Reasons
1, Cousfru 2 =< ANT123
2 g (A CRLE RO =REACS 27,23
3. 4 LAz 20 3, Z.32
4, oo AABC ¥ fanqular a. Steps -3 (dek. £ qwmvv/u')
5, /o AB:BC !: GE: 5. VY (AAA )
6. Bt AB:BC i DE! 6. Gihven
7. / DEEF o GE'EF 7.y
8, & DE=GE ride
9, . DE=GF 9]
10. ) !
1, .« LDEF= <GEF
4DFE =¢6FE
| 16, C.N: | (steps 3
.tkuﬁuéyM@p&vnyﬁw4ﬁ 17, Steps [4=((

18,
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Glven: WM}&
A,(BC,ADEF/- LBAC = LEDF A b iles 50‘(21‘
BA AC: EDbIDF

l

To Prove;
AABC c{u:(auld' U/ADEF :‘::;Zi%‘;; ¥ . E F
Statements Reasons
1 v LEDL= ¢ BAC (or*EDF)1. T.23
2. z = L 2. 7.23
3, & 4B= <G 3, Z.32
a. iy _egui a. steps I3 (el o ofvinsgvlar b
5. o BA:AC it GDB:DE 5. Yy (A4 o)
6. But BACAC 37 ED:DF 6. Gina
7. L EDDF L GDINE 7. VI
8 _ W ED=0D s WVA
9. _ DF is common 9, —
10. _4AEDF = £GDF

10, E M (s U513
15, Given

; - T M
16, L5 A T
/’,' 1k /)
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s

i Gy

18,

19,



..é{mL "]-! 2
/

-

v TC N A Taki-e L,(Aa vcu/w&jmftuﬂcr*k}d [L‘B\u‘l‘tfc,
m—“.‘h Ay -&’ﬁ:-\ojy He ngr:ﬁw are siedlar L o Htcj wh’? and fo cacle oHer

Swen:
A A8 /b SAC, AdL B A
TP 48D v A ARC
T : 5
Statements Reasons
1 L RIC Lo 1 Gluw
2 = ZRAC - <ADR 2 fite
3. L83 common h AVAK ARD | 3 —
3, SdLR = LRAD 3. T.32
PR z AA S. Steps 2-4
s S ; 6 VY (N”\
7. e AABC WA ARD 7. VI.Def. |
5 <k o 8 Gmihr azum-d' (Sk(& [-7)
s _L ML= L aADC 9. Posty (Grwer as by)
w. <RAD= 2¢ 10. skr‘l
11 _~R= DAL
2 7o 2 ARD eqoinaglarw/AADC




Bell Work 8

Bell Work 8:

Part 1: Proportions in four terms

Directions: Complete the following numerical proportions by filling in the blank.

1. 1:2:=5:
2. 3:4::9:_
3. 2:3:12:
4, 4.  :: 8:10
5. 6:__::3:8

6. _ :15::3:9

Part Two: Proportions in Three Terms

Directions: For the following proportions, fill in the two blanks with the same number to make the
proportion true.

Example: 1:__:: __:4 What number can go in both blanks to make the proportion true? The answer
is 2, because 2 is both the double of 1 and the half of four. Thus 1:2 :: 2:4.

7. 2: 8
8. 3w :12
9. 1: = _:9
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VL.9 : From a given straight line to cut off a prescribed part.

Given:
To Prove:
Statements Reasons

1. 1.
2. 2.
3. 3.
4. 4.
5. 5.
6. 6.
7. 7.
8. 8.
9. 9.
10. 10.

Construction: From the given line, cut off the third part.




VI.11 : To two given straight lines to find a third proportional.

Given:
To Prove:
Statements Reasons

1 1
2 2
3 3.
4 4
5 5.
6 6
7 7
8 8
9. 9
10. 10.

Construction: To the given two lines, construct a third proportional.



Bell Work 9

Bell Work 9: Proportions in Figures (with number!)

Directions: Using your knowledge of what proportions are true in each diagram, set up a proportion
to find the missing length or area.

1.
A Given two triangles ABD and ADC under the same height, with
ABD =6
ADC=9
B C  BD=2
Find DC =
2.
A Given triangle ABC, with DE//BC and
D E BD=6
B c AD=2
@ EC=12
Find AE =
3.
c Given similar triangles ABC and DEF, and
F AC=18
AB =15
A B D E
o A DF=6
Find DE =
4,
C Given similar triangles ABC and DEF, with
. AB=8

f BC=6
A B D E
& EF=3

Find DE =



VI.12 : To three given straight lines to find a fourth proportional.

Given:
To Prove:
Statements Reasons

1 1
2 2
3 3.
4 4
5 5.
6 6
7 7
8 8
9. 9
10. 10.

Construction: To the given three lines A, B, and C, construct a fourth proportional, such that
A:B :: C: (the line you construct).
A




VI.13 : To two given straight lines to find a mean proportional.

Given:
To Prove:
Statements Reasons

1 1
2 2
3 3.
4 4
5 5.
6 6
7 7
8 8
9. 9
10. 10.

Construction: To the two given straight lines, find a mean proportional (such that
AB:the constructed line :: the constructed line: BC).



Bell Work 10

Bell Work 10: Proportions in V1.8

Part 1: For each proportion, fill in the missing line to make the proportion true by VI.8.
Given right triangle ABC, with right angle ABC and BD drawn

perpendicular to AC, B
1) AB:AC :: AD:

2) AB:BC :: BD:

3) AD:BD :: BD:

Part Two: Notice how in #3 above, the proportion is a proportion in three terms, with BD being the
mean proportional. In each of these following problems, find the length of BD.

1) IfAD=4andDC=1,thenBD=

2) IfAD=9andDC=1,thenBD =

3) IfDC=4andAD =16, then BD =

Note on VI.16:
Although | am calling this a note on VI.16, it is really more a note on VI.14, because VI.14 (which we
skipped) is essential for understanding VI.16.

VI.14 says that “In equal and equiangular parallelograms the sides about the equal angles are
reciprocally proportional.” (It also proves the converse of this.)

The given is fairly simple: there are two parallelograms that are equal in area, and they have all angles
equal. We can imagine something like this:

E F
A D 2

The parallelograms ABCD and DEFG have all equal angles, p e ®

and their areas are equal as well. If this is the case, says / /

VI.14, then the sides are reciprocally proportional. This & &£

means that CD: DE :: DG: DA. Notice how, in this

proportion, we start the first ratio with CD, part of parallelogram ABCD, and move towards DE, part of
the parallelogram DEFG. If this were a case of normal proportionality, the second ratio in the proportion
would also start with a side of ABCD and move to a side of DEFG. But it does not! It starts with DG, a
side of DEFG, and moves to AD, a side of ABCD. Because it the second ratio is in a “different direction”
from the first, we call it “reciprocally proportional.”

|ll

You will see in VI.16, that this is used on two rectangles, and the “reciprocal” part—the reverse in

direction—is very important.



VI.16 (Part 1): If four straight lines be proportional, the rectangle contained by the extremes is equal to

the rectangle contained by the means...

Given:

To Prove:

Statements Reasons

1 1
2 2
3 3.
4 4
5 5.
6 6
7 7
8 8
9. 9
10. 10.
11. 11.
12. 12.
13. 13.
14. 14.
15. 15.
16. 16.
17. 17.
18. 18.
19. 19.
20. 20.




VI.16 (Part 2): ...and, if the rectangle contained by the extremes be equal to the rectangle contained by

the means, the four straight lines will be proportional.

Given:

To Prove:

Statements Reasons

1 1
2 2
3 3.
4 4
5 5.
6 6
7 7
8 8
9. 9
10. 10.
11. 11.
12. 12.
13. 13.
14. 14.
15. 15.
16. 16.
17. 17.
18. 18.
19. 19.
20. 20.




