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The Mast Problem B
(revised)

Locate point A on segment CE such that

BA + AD is a minimum.

What is that minimum value? =
Justify your answer.
Attempt to solve in as many ways as possible. ‘
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https://bit.ly/t3ic2024

"I'm so glad | learned about parallelograms instead of how to do taxes.

It's really handy this parallelogram season."

- Unknown



The Mast Problem

(revised)

Locate point A on segment CE such that
BA + AD is a minimum.

What is that minimum value?

Justify your answer.

Attempt to solve in as many ways as possible.

The solution paths are the emphasis

of this session - NOT the final answer!

It's the journey!!

Hold off on the geometry solution until LAST.
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Open the file "The_Mast_Problem..." using

TI-Nspire CAS.

Do pages 1.1, 1.2, 1.3.

The_Mast._ rev

rap [I] X|

The Mast Problem
revised

On the next page you will be asked to
minimize the sum of two distances.

Justify your work.

Solve this in as many ways as possible.




BA=18.0973 cm o
AD= 11.5876 cm
CA=13.5467 cm
BA+AD=SUM1=29.6849
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Mminimize . = -
) = Jied + 57+ 04-N)

How can we be sure that this is THE correct
modeling equation?




Mminimize . = -
) = Jied + 57+ 04-N)

How can we be sure that this is THE correct
modeling equation?

TI-Nspire page 1.4, ...
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The Mast Problem
revised 2

On the next page you will be asked to
minimize the sum of two distances.

Solve this in as many ways as possible.

Justify your worlk.

The_Ma.. ONS rao [1]

Locate point A on CE such that EA + AD is a
minimum.

BI
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Pull point A back and forth on segment CE

_Ma. ONS pes 1] X
BA=12.3893 cm Lo
B A= 21.508 cm

CA=3.08129 cm
A+ AD=8UMI1=22.8972

12

24




*The_M..ONS

EBA=13.5074cm
AD= 18.4882cm
CA=6.20079 cm
EA+AD=8UMI1=31.9956

*The_M..ONS

FA=15.2186cm

B AD= 153175 cm
CA=9.521%4cm
FA+AD=SUMI1=20.6361

*The_M..ONS
EA=17.1401 cm
AD= 127802 cm

CA=122385cm
FA+AD=8SUMI1=29.9202
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- - BA=22.9685 ¢m o
By i ostrem ven| | By D= 667062em 1 54= 20,7826 cm =
CA=15.8612 cm CA=19.5844 cm Iy = _ 262877 em 1 em
A +AD=SUM1=29.4411 B+ AD = SUM1=20.6391 AD= o.
12 12 5 CA=16.9681 cm
.95 ) 5 SA+AD=8SUMI1=22.4109
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A
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24
appears to be the minimum when CA

= 16.968, minimum sum is 29.411



While we were pulling point A, the calculator was "capturing” the data:

the distance CA (cp2) and the sum (sum2) into a lists and spreadsheet

= =capture('ca,1) =capture'sum1,1)
1 3.08129| 33.8972
2 2.57814 34.2715
3 247752 34,3487
4 2.37689 34.4268
5 2.27626 34.5057 |,
=3.0812893081?61 1k

Now we can plot this data: sum2 versus cp2



Now we can plot this data: sum2 versus cp2

*The_IM..ONS
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Cp

Then we can test to see if our modeling equation exactly matches the collected data



Then we can test to see if our modeling equation exactly matches the collected data

34,0 sl 127 0% 4 (24x) 452 it's a perfect match! So we know our modeling
%" 325 ] equation can be used to answer the questions.
w
31,0
29.5 ]
| | | | | |




it's a perfect match! So we know our modeling equation

can be used to answer the questions.

using the minimum tool:

*The_M..ONS
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( 16.9412, 29.4109 )
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T1-84 CE solve graphically

withOUT Calculus
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How to solve without calculus?
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Cx) = fiax ) ST+

Plotl Plotz  FPlots WINDOW .
\Y1B{12%+%%+] (24-X)%+5° gmin="1 [ T~ —
BNY 2= AMax=25
ENY 2= Ascl=5
IsNY 4= Ymin=-1
ENYs5= Ymax=35

5_ —
NYe= Yscl=5
- Xres=1
ENY 7= res
E\Yg= aX=0.098484848484848
TraceSter=0. 1969696969697




MORHAL FLOAT AUTOD REAL RADIAN HF n

CALCULATE
1:value
2'Zero
ERminimum

4 maximum
S:'intersect
6 durdx

Tl x)dx

MORHMAL FLOAT AUTO REAL RADIAN HF
CALC MIMIMUM

Y=29.484111

Yi=J(122+H2)+TL{2Y-K)2+52)

Hinimu.rn'
H=16.941176

Y¥=29.410882




T1-84 CE solve graphically

WITH Calculus



MINIMIZ ¢ . _ _ -
COX) = 17 ] S7+04-Y)

How to solve WITH calculus?




HORHAL FLOAT AUTO REAL RADIAN HF []

Flotl PFlotz Plots

INY 18 12%+%%+] (24-%) %452
ENY 2=0
BNY 3=
BNYa=
NY 5=
Y=
BNY 7=
ENYa=

MINIMIZ¢ .

Cx) :m 'h\ S*+04-x)

HORHAL FLOAT AUTO REAL RADIAN HF

Flotl Flotz Flot:

INY 18122+ +] (24-%)%4+52
ENY 2B (Y1) [z

INY 2=l
INY 4=
BNY 5=
NYe=
ENY 7=
INYe=

Y2 has the derivative

Look to see where the
derivative is =0




MINIMIZ e

Cx) :m "‘\S C;Z'f‘m’ﬂl

Look to see where the
derivative is =0

AL L B L [ ] W[NORHAL FLOAT AUTOD REAL RADIAN HP

CALC ZERD

CALCULATE ‘-‘_@=W_ _ YaznDeriuly1,Xs)
1:value ¥ 4 T
FHzero | : E_Jfff [ T Iy
Jiminimum T ; : T
4 maximum
S:intersect
6:dasdx
T:lfix)dx _
- ]| o =
GUWeSEY Zero
H=18.36363 Y=0.0847088 W=15.9491176 Wi

derivative is = 0 at

X = 16.941



MmN M2 ¢ .
2 )
derivative is = 0 at ng) ;—_m +, g S '[‘Gt“'ﬂ

X = 16.941

Check to ensure that this is

a relative minimum and not

evaluate 2nd derivative at
2 maximum the critical number found

HORHAL FLOAT RAUTO REAL RADIAN HE [} WWNORHAL FLOAT AUTO REAL RADIAN HF n Hl.'lF:HﬁL FLOAT AUTO REAL RADIAN HF n

Flotl Flotz Plot3 __ B “-\\--\__________,.r" Y3(16.941)

I\Y1B{12%4%%+] (24-X) %45 1 e P.@5471475
B\Y 283 (Y1), 1 .

INY 3B (Y 2 ) m 1 L "
INY4= 1 2nd derivative is positive
'ﬂ:: 1 I I A I there, so this is where the
B\Y 7= . relative minimum occurs

2nd derivative is along x-axis



Use TI-Nspire CAS to find the solutions using
Calculus (could also be done "by hand")



Use TI-Nspire CAS to find the solutions using
Calculus (could also be done "by hand")

d x—-24 X
dx(f.?(x)) g ' 7
Jx~—48-x+601 Jx“+144




Use TI-Nspire CAS to find the solutions using
Calculus (could also be done "by hand")

d x—-24 X
dx(ﬁ(x» J 7 ' 7
xX“-48-x+601 x7+144

x-24 X

Jx2—48- x+601 Jx2+144

{ 288 }
17



Use TI-Nspire CAS to find the solutions using i(ﬁ,(x)) x-24 X

+
" " dx
Calculus (could also be done "by hand") 248 x+601 Jx2+144
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Use TI-Nspire CAS to find the solutions using i(ﬁ,(x)) x-24 X

+
" " dx
Calculus (could also be done "by hand") 248 x+601 Jx2+144

Since the second derivative is

25 144 288
+ pe=

" L 3 3 17

positive at this critical number, L3 —_ —_

2 2

(,t2—48-x+601) (x2+144)
this critical ber yield
is critical number yields a 83521 (865

: . 44893500
relative minimum.




Use TI-Nspire CAS to find the solutions using
Calculus (could also be done "by hand")

288. 16.9412
17
288
ﬁ,( ) 865
17

( 288) 29.4109
?‘3 —




Use TI-Nspire CAS to find the solutions using 788
Calculus (could also be done "by hand")

But walt...

& 16.9412
17
ﬁ 865
there's more! ﬁ( ”‘)

( 288) 29,4109
?‘3 —




Use TI-Nspire CAS to find the solutions using 7188
Calculus (could also be done "by hand") e

But wait...
288. 16.9412
17
there's more!! ﬁ(g) 365
A geometric solution! |
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Geometry solution
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Geometry solution

Reflect DE over CE
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Geometry solution

Reflect DE over CE
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Geometry solution

Reflect DE over CE
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Geometry solution

Reflect DE over CE
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Geometry solution

Draw line BD'
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Geometry solution

Draw line BD'
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Geometry solution

Draw line BD'
Label the point of intersection with

CE, point A.
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Geometry solution

Draw line BD'
Label the point of intersection with

CE, point A.
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Geometry solution

Draw line BD'
Label the point of intersection with
CE, point A.

Draw segment AD.
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Geometry solution

Draw line BD'
Label the point of intersection with
CE, point A.

Draw segment AD.
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Geometry solution

Draw line BD'

Label the point of intersection with
CE, point A.

Draw segment AD.

Notice?
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Geometry solution
Draw line BD'
Label the point of intersection with
CE, point A.
Draw segment AD.
Notice?

Triangles AED and AED' are congruent. (SAS)
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Geometry solution

Draw line BD'

Label the point of intersection with

CE, point A.

Draw segment AD.

Notice?

Triangles AED and AED' are congruent.

Also, triangles BCA and Déﬁrﬁ)milar triangles.
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Geometry solution

Triangles BCA and D'EA are similar
triangles.
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Geometry solution

Triangles BCA and D'EA are similar
triangles.
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Geometry solution

Triangles BCA and D'EA are similar
triangles.

Bc _ cA
pE EA



Geometry solution

Triangles BCA and D'EA are similar
triangles.

BC _cA
DE  EA
JX . X



Geometry solution

Triangles BCA and D'EA are similar
triangles.



Geometry solution

Triangles BCA and D'EA are similar
triangles.



Geometry solution

Triangles BCA and D'EA are similar
triangles.
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Geometry solution

Triangles BCA and D'EA are similar
triangles.
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Geometry solution

Since triangles AED and AED' are congruent:

BA+AD =BA + AD’
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Geometry solution

Since triangles AED and AED' are congruent:
BA + AD = BA+ AD'

The shortest distance between two points is a
line (segment):

BA + AD is the shortest distance, occurring at
point A.
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BA + AD is the shortest distance,
occurring at point A.
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BA + AD is the shortest distance,
occurring at point A.



12 S

288
24-55

BA + AD is the shortest distance,
occurring at point A.
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BA + AD is the shortest distance,
occurring at point A.

A_D:J \103 +§2_
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.28, 76062285

Ans+B T
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BA + AD is the shortest distance,
occurring at point A.

Bb=8A +tAD=d29I)

HORHMAL FLOAT AUTO REAL RADIAN HP [I

.28, 76062283
J[ 120
_""""""""ﬁlﬁﬁﬂiﬁﬁﬁli_
Ans2D
... 8,60D259512
B+D

e £ 20 41088234
|




Newly added ideas from participants on the Zoom - thank you!
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Alternative way to find the length of BD'
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Newly added ideas from participants on the Zoom - thank you!

Alternative way to find the length of BD'

Extend BC
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Newly added ideas from participants on the Zoom - thank you!

B, Alternative way to find the length of BD'
~'\
b
~
12 \\\ Extend BC
'\\‘» ”AD
~

I S, ~° 5 Perpendicular from D' to line BC
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Newly added ideas from participants on the Zoom - thank you!

B, Alternative way to find the length of BD'
'\\\
12 \\\ Extend BC
\\\ ”AD
: S, ’.»"’ 5 Perpendicular from D' to line BC
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Newly added ideas from participants on the Zoom - thank you!

B, Alternative way to find the length of BD'
~'\
Y
\
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Y
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( ”

IT ~\\*#” [_

. 24 Ao \E (BF)2 + (FD')? = (BD')?
5 ' \\- %5
F



Newly added ideas from participants on the Zoom - thank you!

Alternative way to find the length of BD'

B ,\\,
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~
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12 , ‘*\\\ . Extend BC
\‘\
| \‘\\. ’,#” : Perpendicular from D' to line BC
:— \\s‘a"’
; 24 N i (BF)2 + (FD')2 = (BD')
54 .. 5
= ,} -------------------H:»D' 172 + 242 = (BD')?
]
: 865 =
0 _ I
i
' W = GA+AD




Newly added ideas from participants on the Zoom - thank you!

What about the angle of incidence is eque
to the angle of reflection - when the
minimum distance is found?




Newly added ideas from participants on the Zoom - thank you!

What about the angle of incidence is equa
to the angle of reflection - when the

minimum distance is found?
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Newly added ideas from participants on the Zoom - thank you!
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What about the angle of incidence is equal
the angle of reflection - when the minimum
distance is found?

Lz L2 (NERTIcaL As}
[2=43 (= Ds)
L1= L3 (TRANSITIVE)
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Newly added ideas from participants on the Zoom - thank you!

What about the angle of incidence is equal
the angle of reflection - when the minimum
stance is found?

L1= L2 (NERTicaL ¢s)
La=23 (= Bs)
1= L3 (TRAN&T\VC-)




The Mast T1-84 CE

Solved using a form of data capture with the TI-84 CE

NORMAL FLOAT AUTO REAL RADIAN MP [ BENORMAL FLOAT AUTO REAL RADIAN MP +f] NORMAL FLOAT AUTO REAL RADIAN MP

The Mast Problem

BA grarhed in blue Y1
AD grarhed in brown Y2
¥4 contains the sum

Press ENTER to continue

Right arrow kewg increases Run the TRANSFRM app
the value of A

Press grarh twice!
Left arrow key decreases
the value of A The step should be 1

in the SETUP of the arp
Press ENTER to continue Done



NORMAL FLOAT AUTO REAL RADIAM HP n
RANSFORMATION GRAPHING APP

MORHMHAL FLOAT AUTO REAL RADIAN MF
RANSFORHATION GRAPHING APP

Plotl Plot2 Plotz QUIT-AFPFP
Iy 18- 32 xX+12
lm¥255%ﬁﬁx+ﬁ%h
ENY 3=
I\Ys=]R%+(12%) +| (24-p)%+ (52}
INYs=1

\Ye=

ENY?=

Yi="(12,A)EK+12  Yas(5,(24-A))EX..

I

MORHAL FLOAT AUTD REAL RADIAN HMP n

Ya
................................ 30.4865681
A
................................................ 18
[ |



NORMAL FLOAT AUTO REAL RADIAN HMP

TRANSFORMATION GRAPHING APP I:I NORMAL FLOAT AUTOD REAL RADIAN HF n
@’1:'(12;(HJJ¥H+1...‘1’2=5#t2'-|-HHEH+I:...

Y4

................................ 30,4860681
A

................................................ 19,
Y 4

.............................. 30,20720887
A

................................................ 11




NORMAL FLOAT AUTO REAL RADIAN HMP

TRANSFORMATION GRAPHING AFF |:| NORMAL FLOAT AUTO REAL RADIAM HF I:I
'f:l.='(12f(H:IHEH+1...H-'z=5-r(2'-|-HHEH+(...

................................................ 149
Y4
ST T T TR | ceveeeveeeeeeeeeeneeeeseeeen 30,20720887
; A
TS T T T T T T T T T veneereeeeeeeeeeeeee e e e e eeeee e e e e eennns 11
: Ya
A ENEEEEEEES EEEEmEmEn aa IETTITTTUTTT 29.43378113
I A
e T 16,

SETupl 1



NORHMAL FLOAT AUTO REAL RADIAN HF n MOREHAL FLOAT AUTO REAL RADIAWH HP n
TREANSFORHMATION GRAFPHING AFF

Y1="(12/CA0)KX+1.. Y252 2H-AIEX+L., 11l




HORMAL FLOAT AUTOD REAL RADIAN HMP

TRANSFORMATION GRAPHING APP [1[INORMAL FLOAT AUTO REAL RADIAN MP T
Y1=-(12/(R)%K+1. Y2=5/(24-RIKK+C.

................................................ =3
Y 4

.............................. 29.4109/7731
A

................................................ 17,
Y 4

.............................. 29.44305733.
A




NORMAL FLOAT AUTO REAL RADIAN HMP n NORMAL FLOAT AUTO REAL RADIAN HMP n
TRANSFORMATION GRAPHING APP TRANSFORMATION GRAPHING APP

Yi="(12/CA3EK+1. Y2=5r(2Y-RIKK +C.. Ya="(122CAN%KK+L. Y25 (2Y-RIRK+C.

NORMAL FLOAT AUTD REAL RADIAN HMF
TRANSFORMATION GRAPHING AFP n NORHMAL FLOAT AUTO REAL RADIAN MP n HTSTORY n

AINOERSETTINGS 1/ Y4
S Trailon L 2941897731,

i 29.44355733. A
_ e 17,

e 18, V4
Y e 2944355733,

.............................. 29.41092862. A
e 18,

GRAPH 16.2 Y4



"Mathematics is the garment that we continuously alter with our students
and technology should be seamlessly interwoven throughout its fabric."

- Tom Reardon

Math teacher from Ohio



