A mathematical tour of the
Ellis Island Immigration Museum

Getting to know the city through a mathematical walk

MFA"

Math for America

Welcome to the Math for America Math Trail at the Ellis Island Immigration Museum! The idea behind
a Math Trail is quitesimple. Students follow a planned route and answer mathematical questions relate
to what they encounter along the path. Through the experience students are given the opportunity to
connect mathematics to many subjects including art, design, architecieree, geography, and

history.

This Math Trail was prepared by Ron Lancaster, a Lecturerifi Klathematics Education at the
University of Toronto. Prior to his position at the University of Toronto, Ron taught middle and high
school mathematics fover 20 years. Ron used Math Trails in his own teaching to make the study of
mathematics more attractive and engaging.
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The Trail

The Trail begins at the Castle Clinton National Monument in Battery Park. Locate the area where tickets are
purchased for the ferry to Ellis Island and the Statue of Liberty.

Question 1
(a) Fillin the cost of passage for each of the categories in Table 1.

Table 1

age of passenger fare without audio tour
represented by X

4<x¢o62

X > 62

4¢Xx¢62

X<4

() Suppose that a group of ten people paid $100 for tickets (without the audio tour) to Ellis Island and the
Statue of Liberty. Determine all possible compositions of this group (i.e. 10 seniors, 20 children between 4
and 12 years old etc.).

(b) Do you agree with the mathematical expressions in Table 1 that have been wsed to describe the different
categories for the prices? If not, rewrite the mathematical expressions according to your interpretation.

‘ Locate the large circular sitting area near the ticket booths shown below.

Question 2
(a) Stand away from this sittin g area and estimate the number of people that could sit around the
perimeter. Walk to the sitting area and have members of your group sit around it. Count how many
people can sit around the perimeter and compare this count with your estimate.



(b)

(©)

(d)

(e)

Use the tape measure from the Math Trail Kit to measure the radius of the sitting area. Find the area
of the sitting area. If you did not know the formula for the area of a circle in terms of its radius (or
diameter), what other strategy could you use to find the area of this sitting area?

To measure the size of a crowd, police often assume that each person occupies 2 square feet of space.
Use this assumption and your answer to part (b) to calculate how many people could stand on this
circular sitting area.

Suppose that the radius of another circular sitting area is twice as big as the radius of this sitting area.
Explain why, compared to this sitting area, about four times as many people could stand in this
second area.

From 1892 to 1954, 12 million immigrants were processed on Ellis Island. Find the radius of a circular
sitting area that would be big enough so that everyone could

() sit around the perimeter of this area.

(i) stand inside this area.

Take the Ferry to Ellis Island. You will need to stay on board when the ferry stops at the Statue of Liberty.
While you are on the ferry enjoy the view and work on the problems in Question 3.

Question 3

(@)

(b)

Suppose that in a group of 12 million people, each person shakes hands (one time only) with every other
person in the group. Determine the total number of handshakes that would take place. If shaking hands
is not permitted for cultural or religious reasons, then use whatever form of greeting is allowed.

How many people would be in the group if 12 million handsha kes were to take place?

‘ When you arrive at Ellis Island, leave the boat and enter the Main Building.

Question 4
When you enter the building, imagine what the experience must have been like for Annie Moore, the first
immigrant to be processed on January 1, 1892, her 15th birthday.

(@)
(b)

(©)

(d)

What day of the week was January 1, 1892? On what day of the week was Annie born?

After Annie was inspected she was given a $10 gold coin by Immigration Superintendent Colonel John
Weber. If this money had been invested with an average annual return of 1% per year compounded
annually, how much would it be worth on January 1, 2009? Before doing any calculations, estimate if the
amount would be less than, equal to or more than $12,000,000.

Find the average annual return for which the original $10 would be worth $12,000,000 on January 1, 2009.
Before doing any calculations, estimate if the return would be less than, equal to or more than
12,000,000%.

From 1892 to 1954, 12 million immigrants were processed on Ellis Island. Without doing any
calculations, decide by estimating if the number of days between January 1, 1892 and January 1, 2009 is
less than, equal to or more than 12 million. Calculate the number of days between these dates and
compare your answer with your estim ate.






Locate the dLuggage6 exhibit in the center of the room.

Question 5
Some of the trunks have a cross section like the shape shown in Figure 1. For the following questions, assume
that the top of the trunk is an arc of a circle.

Figure 1
(a) Given the area of the cross section, how could you determine the volume of the trunk?

(b) Explain why knowing only the girth (the length around the cross section) does not provide enough
information to find the area of the cross section.

(c) What measurements would y ou need to have in order to find the area of the cross section? How would you
use these measurements to find the area?

| Locate the stairs that lead up to the Registry Room in the Great Hall on the second level of the Main Building.

Question 6
(a) As you walk up the stairs, count the number of steps. Measure the height of a step and calculate the
height between the first and second levels.

(b) From 1892 to 1954, 12 million immigrants were processed on Ellis Island. Suppose that they all walked
up these stairs. Combine the distances that they walked up and decide if this total is less than, equal to or
more than the distance between the earth and moon.



Question 7

The ceiling of the Registry Room was rebuilt in 1917 by Rafel Guastavino and his son. The fatherand son team
developed a self-supporting system of interlocking terra cotta tiles to create a barrel -vaulted ceiling. The
following definition of a barrel -vaulted ceiling is posted on Wikipedia *:

A barrel vault, also known as a tunnel vault or a wagon vault, is an architectural element formed by the
extrusion of a single curve (or pair of curves, in the case of a pointed barrel vault) along a given distance. The
curves are typically circular in shape, lending a semi-cylindrical appearance to the total design. The barrel
vault is the simplest form of a vault: effectively a series of arches placed side by side, i.e., one after another.

() Standing only on the ground, develop a strategy for checking if the ceiling is a semi-circle. Assume you
have acces to any equipment you require and that you can use any area of mathematics studied at the
high school level.

(c) After the Trail, search on line for four other buildings in the world that have barrel -vaulted ceilings.
Record your results in Table 2.

Table 2
name of building location

Question 8
The tiles (there are 28,832 of them!) on the ceiling of the Registry Room are arranged in a herringbone pattern. As
shown in the following images there are many different types of herringbone pattern s.2
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(a) Discuss with your group the meaning of the ratios and ang les provided in the description for each
pattern.

(b) Select the image that best describes the one used on the ceiling of the Registry Room.

! http://en.wikipedia.org/wiki/Barrel_vault
Source for photographs: http://www.pavingexpert.com/howto45.htm



Question 9
Read the following poem about barrel -vaulted ceilings.

| am sure that | cannot be faulted

If I li ke to see spans barrelvaulted.
They are dolioform,

Which is far from the norm,

But to my eyes, they're simply exalted.3

(a) What is the definition of a limerick? Is this poem a limerick?
(b) What does the word dolioform mean?

‘ Find a place in the Great Hall where you can see a circle surrounded by eight smaller circles (Figure 2). ‘

Question 10
(&) In what direction are you facing when you view these circles?

Figure 2

(a) Study the nine circles and decide by estimating if the radius of the large circle is less than, equal to or
more than two times the radius of any one of the eight small circles.

(b) Based on your decision in part (b), determine the truth of each of the following statements:
® the perimeter of any one of the smaller circles is less than half that of the large circle.
(i) the area of the large circle is more than four times that of any one of the smaller circles.

(c) If the combined area of the eight small circles is equal to the area of the large circles, find the ratio of the
radius of the large circle to the radius of any one of the small circles.

3 The Omnificent English Dictionary In Limerick Form



Locate one of the large windows in the Great Hall, shown below.
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Question 11
(a) Estimate the total area of glass in terms of the area of any one of the eight squares at the bottom.

(b) The border of the windo w that lies above the bottom row of eight squares appears to be a semicircle. Use the
string and protractor in the Math Trail Kit to check if the angle formed by the two corners and a point (Figure 3)

on the curve is equal to 90 . Check for two additional points on the curve. If the angleis 90 for three different
points, does this prove that the curve is a semi-circle?

Figure 3

Go to the Third Level of the Main Building and locate the 0Food for t he Rbat o6 i ax liTél@ndd |Fr
room. For the purposes of Question 12, assume that these prices are for the year 1908.

Question 12
(a) What is the cost of a lemonade?
(b) If the cost of a lemonade went up by r% per year from 1908 to now, find the value of r given that the

current cost of a lemonade is $2.

(c) What is the cost of a Hummer? How does this compare to the current cost of a Hummer?



Locate the OMoney Exchanged exhibit.

Question 13
(a) Make a list of the currencies that appear in this display. How many are still in use?

(b) What is the largest denomination in this exhibit? What could you buy with this bill today?

Locate the dMental Testingd exhibit. Find the area of the exhibit where information is provided about the Knox
Cube Imitation Test.

Read the following information about Knox Cubes:

The Knox Cube Imitation Test was developed as a nonverbal test of intelligence developed by Dr. Howard
Knox, a medical officer at Ellis Island.
It was first published as a pamphlet in 1913, and then in 1914 as a paper in the Journal of the American Medical
Association.
There were several other tests presented in his paper besides the cube test. In the cube test, 4 black 1" cubes
were placed in a row, each cube separated by 4 inches from its neighbors
The test administrator takes a smaller cube and taps on the 4 1" cubes in increasing complicated sequences.
The test subject is requested, sometimes only by sign language, to repeat the sequence. If the cubes are
numbered 1 through 4, the sequencesin order are:

0] 1,2
(i) 1,2
(iii) 1,2,3,
(iv) 1,3,4,2,3,1and so on.

Knox suggested that sequence a (12-3-4) is reasonable for a child of 4 years of age, sequence b {2-3-4-3) is
suitable for a 5 year old, sequence c (12-3-4-2) can be acomplished by a 6 year old, sequence d (13-2-4) can be
done by the average 8 year old, and copying sequence e ($3-4-2-3-1) is expected by most 11 year olds?
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4http://(-*:n.wikipedia.org/wiki/Knox_Cubes



Question 14
(a) Pictures of five tests are shown in the exhibit. Write each one of them as a sequene of numbers.

(b) Determine the total number of ways in which four taps are used for the test. How many ways are there if
there are five taps?

(c) Try the Knox Test on your friends using four, then five, then six taps and so on. At what point do most
people find it impossible to remember the taps?

Locate the dMedical Careé exhibit. Find the area of the exhibit where an eye chart in which only the letter E is
used is on display

Question 15
Read the following infor mation about Snellen Eye Charts.

The symbols on an acuity chart are formally known as "optotypes." In the case of the traditional Snellen chart, the
optotypes have the appearance of block letters, and are intended to be seen and read as letters. They are not,
however, letters from any ordi nary typographer's font. They have a particular, simple geometry in which: the
thickness of the lines equals the thickness of the white spaces between lines

the height and width of the optotype (letter) is five times the thickness of the line. 5

(a) Are the symbols in the E Snellen Eye Chart in agreement with the two geometrical conditions stated on
the previous page?

5
http://en.wikipedia.org/wiki/Snellen_chart



Read the following information about how to make your own eye chart.

For those enterprising souls out there who would like to laserprint or d raw by hand their own eye chart, or if you
would like to verify that your printout is of the correct proportions, here are the specs (Table 3) ¢

Table 3
distance (feet) | letter height (mm)
d h
70 31
60 27
50 22
40 18
30 13
20 9
15 7
10 4
7 3
4 2

Question 16

(a) On a separate sheet of graph paper or using a graphing calculator or a spreadsheet program, plot the
graph of h versus d.

(b) Find the line of best fit for the data in Table 3. Discuss if this is a good model to describe the relationship
between h and d.

Question 17
(a) Record the values of d for the E Snellen Eye Chart in this exhibit (they appear above each row) and record
the data in the middle column of Table 4.

Table 4
row number distance d (feet) letter height h (mm)
1
2
3
4
5
6
7
8
9

6http://www.i -see.org/eyecharts.html



(b) Use the line of best fit from Question 16, part (b) to calculate the values of h in Table 4.

(c) Use the ruler and large sheet of paper from the Math Trail Kit to make an E Snellen Eye Chart based on
the data in Table 4. Conpare your chart with the one that is on display.

NOTE: After the Trail visit the following websites to learn how a Snellen Eye Test is used to test a person's visual
acuity.

http://en.wikipedia.org/wiki/Visual_acuity
http://www.tedmontgomery.com/the_eye  /acuity.html

Return to the first floor and locate the dPeopling of Americaé room. Enter the room and locate the exhibit
titled "A Changing Pattern: Male and Female Immigration Trends

Question 18
(a) What data was used to determine the heights of these male and female figures?

(b) If for a given period of time the height of the male figure is twice that of the female figure, what
conclusion can be drawn about the number of males and females who immigrated during this time

period?

(c) If for a given period of time the height of the female figure is more than the height of the female figure for
another time period, what conclusion can be drawn about the number of females who immigrated during
these two time periods?

| Locate the exhibit titled "Millions on the Move: Worldwide Migration".

T

Question 19
Your turn! Create and solve a set of mathematics questions related to this exhibit.



Locate the exhibit "Where We Came From: Sources of Immigration”.

Question 20
(a) The text of the exhibit suggests that you can view it from two different directions. When you do this,
what are you looking at? How is the information being conveyed from one direction different from the

other?

(b) Why do the pegs differ in height? Why are there notches on the pegs?

| Locate the exhibit titled "A Two Way Street: Immigration versus Emigration”.

Question 21
(a) Describe how negative numbers could be used in this exhibit.
(b) For any given time period, what information (if any) is conveyed by the following calculations.
(i) the blue number minus the red number
(ii) the red number minus the blue number
(iii) the red number times the blue number
(iv) the blue number plus the red number
(v) the red number divided by the blue number

(vi) the blue number divided by the red numbe r



Locate the exhibit titled "The American Flag" by Pablo Delano.

Question 22

(a) Walk from one end of the exhibit to the other. Keep your eyes on the exhibit as you walk and describe
what you see. How did Delano create this wonderful surprise for the v iewer?

(b) The Official Guidebook for Ellis | sland states that "The flag is a mosaic of more than 750 Americans from
all of the country's ethic groups”. The actual number is 754 (133 58). Are than any other numbers
close to 754 that De&no could have used that would have kept the length of the exhibit much larger than
the height?

Math Trail Kit for each group

one 25foot tape measure

one 50foot piece of string

one protractor

one metric ruler

one large sheet of paper (the type used obr flip charts)
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