Pyramid Hill Daily Assignments

· Prior to trip
· Alg./Geo. Lesson in class/online May 2/3
· Savvas Practice Playlist on lesson online due May 5 by midnight
· Opening Ceremony Product due May 5 by end of school day


































· Seminar: annotate the following article, respond to the writing prompt, and provide one question to ask during the seminar due May 2/3 

[bookmark: _43iurw48glv8]For these artists, math is their muse
[bookmark: _65phdxx5kiy6]A growing number of artists are creating works based on mathematical ideas
[bookmark: _ccjeb3dgpef5][image: ]
[bookmark: _ccjeb3dgpef5]"Grid," by math artist Henry Segerman, explores mathematical concepts using projections. This 3-D printed sculpture is a patterned sphere. When light shines through the openings from above, the shadows form a square grid.
[bookmark: _b041hhs5jwbq]H. SEGERMAN

[bookmark: _5klb3n15x60x]By Stephen Ornes
[bookmark: _ccjeb3dgpef5]June 6, 2019 at 5:45 am
[bookmark: _ccjeb3dgpef5]Every year, the Joint Mathematics Meeting brings more than 5,000 math lovers together. It’s the largest math meeting in the world. In January 2019, mathematicians flocked to the meeting in Baltimore, Md., to learn about new ideas and talk about their work. Many even — believe it or not [image: 370_Mona_Lisa_Bosch.png]— came to admire the latest in mathematical art.
[bookmark: _y157fqnvo5ja]“The Da Vinci Curve” is a drawing by Robert Bosch. Bosch’s version of Leonardo da Vinci’s famous painting “Mona Lisa” is made of a connected and closed curve that never crosses itself. It’s like a very complicated cookie cutter.    R. BOSCH
[bookmark: _iqcwrvisfs0y]The meeting included an entire art exhibition. Visitors marveled at sculptures made from metal, wood, porcelain and folded paper. One was based on a supersized Rubik’s cube. Many included triangles, hexagons or other shapes, arranged in strange and surprising sizes and colors. The collection also included drawings and paintings inspired by the study of numbers, curves and patterns.
[bookmark: _xztajc6wgtla]Math artist Robert Fathauer, who lives near Phoenix, Ariz., organizes the art exhibit at the annual math meeting. Every year, he notes, more and more artists submit their work. Their creations explore new and creative ways to turn math into art. Fathauer himself makes pottery sculptures inspired by mathematical patterns, including those found on the frilly edges of corals or kale. He finds inspiration by looking at how math shows up in the everyday world.
[bookmark: _ccjeb3dgpef5]“I’m always kicking around ideas in my mind,” he says.
[bookmark: _ccjeb3dgpef5]Art and math may seem like a strange pairing. People usually experience art through their senses. They see a painting or listen to music. If this art moves them, they will have an emotional [image: 370_fathauer_3x.png]response. Solving math problems is usually viewed as something you think about — not feel.   
[bookmark: _ccjeb3dgpef5]
[bookmark: _ccjeb3dgpef5]“Scorpion, Diamondback, and Phoenix” is a screen print by Robert Fathauer. The math artist, who lives near Phoenix, Ariz., used three repeating shapes to completely cover a surface.      R. FATHAUER



[bookmark: _ccjeb3dgpef5]But connections between the two fields reach far back in time. Sculptors and architects in some ancient civilizations included numbers and math ideas into their works. Patterns in Islamic art that was made thousands of years ago show symmetries that mathematicians continue to study today.
[bookmark: _ccjeb3dgpef5]“A mathematician, like a painter or a poet, is a maker of patterns,” wrote British mathematician G.H. Hardy in 1940. If a mathematician’s patterns are more permanent, he continued, “it is because they are made with ideas.”
[bookmark: _ccjeb3dgpef5]Modern artists continue to look to math for inspiration, and in new ways. Fathauer, for instance, created a screen print inspired by his hometown. It uses three shapes — a scorpion, a snake and a bird — to cover a flat surface. The design is a nod to tessellations (Tess-uh-LAY-shuns). They are patterns that use interlocking geometric shapes to “tile,” or fill in, a two-dimensional plane. The artist lives in Phoenix (represented by a bird), where one can encounter scorpions and diamondback rattlesnakes.
[bookmark: _ccjeb3dgpef5]The field of math art is growing. The exhibition at the 2004 Joint Mathematics Meeting, for example, included only 10 artists. By 2019, that number had grown to 94. “We get more submissions than we have room for,” Fathauer observes.
[bookmark: _pa3ui8bmmt7q]
[bookmark: _c1oamvld1k59]This sculpture “Klein Bottle,” by Liz Paley, is what [image: 370_paley_klein2_3x.png]mathematicians call a “non-orientable surface.” The artwork won first place at the 2019 Joint Mathematics Meeting art exhibition in Baltimore, Md.
[bookmark: _ccjeb3dgpef5]ELIZABETH PALEY

[bookmark: _tsedotffq23]Galleries, art museums and festivals around the world have staged math art shows. In 1998, mathematicians launched the Bridges Organization, which celebrates the connections between math and art, music, architecture and culture. Every year, Bridges holds a meeting to celebrate those intersections. The Bridges conferences include art shows, talks about research on math and art, poetry readings and even performances of plays and dance inspired by art. The math art community now includes hundreds, maybe even thousands, of people around the world.
[bookmark: _sj90c7hq59yc]Strange shapes and four-dimensional tourists
[bookmark: _ccjeb3dgpef5]Liz Paley is an artist in Durham, N.C. She exhibited a ceramic sculpture at the 2019 Joint Mathematics Meeting that represents a math shape known as the Klein bottle. (It’s named for the German mathematician who first described it.) This shape is special because if you trace its curves, you’ll travel over the entire surface and end up where you started. There’s no clear difference between its “inside” and “outside.” In this way, the Klein bottle only has one side.
[image: 370_Klein_bottle_opener.png]
[bookmark: _ccjeb3dgpef5]


[bookmark: _ccjeb3dgpef5]Sculptor Bathsheba Grossman studied math, but then started making metal sculptures of unusual geometric shapes. This is her “Klein Bottle Opener,” which actually opens bottles.
[bookmark: _ccjeb3dgpef5]B. GROSSMAN

[bookmark: _ccjeb3dgpef5]
[bookmark: _26bmivnjhn7t]Paley says she’s been designing Klein bottles for years. She learned about the shape almost by accident. While teaching a pottery class, a few years ago, she made a pot that she didn’t like. “One of my students asked, ‘Are you making a Klein bottle?’” Paley had never heard of it. So she began studying what makes this shape so unusual. Afterward, she started making them on purpose, experimenting with different methods and glazes. “I’ve been making them ever since,” she notes.
[bookmark: _ccjeb3dgpef5]A Klein bottle is like a Möbius strip, which you can make by twisting a strip of paper once and then taping the ends together to make a loop. Sculpting a Klein bottle out of pottery, says Fathauer, is a tricky process: “People don’t appreciate how hard it is to do that kind of work,” he says.
[bookmark: _ccjeb3dgpef5]Paley’s creation is about as close as we can come to a true Klein bottle. That’s because a true Klein bottle has to actually pass through itself, which is interesting to think about — but impossible to achieve in physical reality.
[bookmark: _ccjeb3dgpef5]Her sculpture won the 2019 prize for best sculpture, textile or other material at the Joint Mathematics Meeting. She made her Klein bottle out of stoneware, the type of pottery often used to make dishes.
[bookmark: _ccjeb3dgpef5]Math artists have used other materials for Klein bottles, as well. Bathsheba Grossman, a math sculptor who lives in Somerville, Mass., has 3-D printed her Klein bottle out of metal. She even went one step farther, adding a bottle opener to the design. So her work is a kind of math joke you can hold in your hand: It’s a Klein bottle opener.
[bookmark: _85187s9gab8r]Looking for math and finding art
[bookmark: _ccjeb3dgpef5]Math artists tell similar stories about how they started creating. In many cases, a person who was talented in math and art had to choose one or the other as a career. But they never truly left the other behind.
[bookmark: _ccjeb3dgpef5]Grossman went to college to study math, but while she was there she took sculpture classes. They led her to think about new ways to use 3-D printing to create shapes with surprising symmetries. Now, she’s designed hundreds of weird, geometry-inspired surfaces, and is even writing a computer program to design math sculptures.   
[bookmark: _k9v0iign9kka]Henry Segerman is a mathematician and artist at Oklahoma State University in Stillwater. When he was in high school, in England, he was good at math and art. But he had to choose. “I went in the math direction back then,” he says. He thought pursuing a career in art seemed “fickle” because it’s so difficult to succeed as an artist.
[bookmark: _ccjeb3dgpef5]Still, Segerman’s math studies led him into the visual areas of math, such as geometry. “I was lucky in a way,” he says. “I was better at visualizing things than other people, and I focused on that.” But art wouldn’t leave him alone. In college and graduate school, he continued to create. Now, he creates sculptures that can cross from one dimension to another. One of his pieces, for example, is a patterned sphere. But when you shine a light from the inside out, the shadows project a square grid. This model demonstrates “projective geometry.” It’s a field of math that focuses on how different shapes and dimensions relate to one another.[image: 370_Sims_3D_Tree.png]
[bookmark: _ccjeb3dgpef5]
[bookmark: _ccjeb3dgpef5]“3-D Tree,” by John Sims, uses three versions of a tree to show the connections among math, expression and perception. The left tree’s branching patterns form a mathematical curve called a fractal. The black-and-white sketch expresses the tree as a drawing and the color photo shows how we see it.
[bookmark: _ccjeb3dgpef5]J. SIMS


[bookmark: _qnhxk6yc69l5]In 2015, Segerman and some math art friends created a virtual-reality artwork. Participants can don a pair of VR goggles to float around and through four-dimensional shapes. Art makes it possible to interact with these shapes, which would be impossible to create in our three-dimensional world. As beautiful as it is to see, Segerman’s work also offers a new view on mathematical ideas.
[bookmark: _h6hdz9h9j3oi]Pieces of pi
[bookmark: _ccjeb3dgpef5]Artists also find inspiration in other areas of math — including numbers themselves. John Sims is one. This math artist lives in Sarasota, Fla. His works are inspired by a combination of math, African-American culture, politics and other sources. On March 14, 2019, a gallery in Sarasota began showing some of his works inspired by the number pi.
[bookmark: _ccjeb3dgpef5]Pi is the number found by dividing the circumference of a circle by its diameter. Because this number is the same for every circle, mathematicians call it a constant. As a decimal, pi is a number that goes on forever without repeating. Here’s how it begins, in case you want to memorize it:
[bookmark: _ccjeb3dgpef5]3.1415926535897932384626433832795028841971693993751058209749445923078164062862089986280348253421170679 …
[bookmark: _ccjeb3dgpef5] 
[bookmark: _ccjeb3dgpef5]The first few digits are 3.14. Sims’ art opening was chosen deliberately. March 14 is Pi Day because it’s written (in the United States, at least) as 3-14.
[bookmark: _ccjeb3dgpef5]Since the early 2000s, Sims has organized at least 15 exhibits of math-based art. His works have been displayed in many more. He trained as a mathematician at Wesleyan University in Middletown, Conn. But when he moved to Florida, he began thinking about how to create visual [image: 370_Seeing_Pi_quilt.png]versions of pi.
[bookmark: _ccjeb3dgpef5]“Seeing Pi” is a quilt by John Sims. It measures eight feet (2.4 meters) on each side. The color grid in the middle represents pi, a number that in decimal form goes on forever. Each color represents a digit of pi.
[bookmark: _ccjeb3dgpef5]J. SIMS


[bookmark: _ccjeb3dgpef5]He began making quilts — big quilts, eight feet (2.4 meters) on a side. (He chose quilts in part because quilt-making has been an important part of the lives and history of African-Americans in the United States.) The quilts are each made of a grid of smaller squares of color. Each color corresponds to a digit. In one quilt, for example, a “3” might be represented by a black square, and “1” by green, and so on.
[bookmark: _ccjeb3dgpef5]The center square in each quilt represents 3, the first digit in pi. Then the squares around that square line up in a color sequence that matches the next few digits of pi. And so it goes, with the colors spiraling out to the edges in a pi-inspired pattern. A viewer who doesn’t know about pi would only see a pretty color pattern. But knowing about pi helps a viewer connect art to math, Sims says.
[bookmark: _ccjeb3dgpef5]He’s also designed quilts based on the Pythagorean (Pih-THAG-or-EE-un) theorem. To date, he has created 13 quilts. Some only use black and white. One, called “American Pi,” relies on the patriotic colors red, white and blue.
[bookmark: _ccjeb3dgpef5]Math art, says Sims, has the ability to connect people to math in ways they hadn’t expected. Making art with pi, he says, is a natural way to do that.
[bookmark: _ccjeb3dgpef5]“It’s part of our popular mindset,” he says.
[bookmark: _s0opa5f5zis6]An award-winning science writer, Stephen Ornes has been a regular contributor to Science News for Students since 2008. This piece — his 589th story for us — was inspired by his latest book: Math Art: Truth, beauty, equations (Sterling Press, New York, 2019, 192 pp).
 Writing Prompt:  Choose one of the pieces of art from the article and write about how it makes you feel. 




























Question for seminar:









· During trip
· Presentation with Pyramid Hill Guide due May 11/12
Write down three things that interest you during the presentation
1.


2. 



3. 


· Hiking Journal entry due May 11/12 
In the space below, make a sketch of one of the sculptures that you observed during your hike highlighting any mathematical figure or concept you noticed or write a paragraph about one thing you found interesting about any of  the sculptures and how it is related to math.





















· Service work reflection/sketches due May 11/12 
Choose 1 or more and complete in the space below:

Draw a before and after sketch of the area that you helped transform, underneath the sketch, write one word about how this experience made you feel.

Write a paragraph describing what the area looked liked before and after your work and how the experience made you feel.

Write a poem about the area that you helped transform.

Compose a song about the area that you helped transform and write down the lyrics.





























· After trip
· Self assessment

Name________________________________________________________________ Bell _____________
Pyramid Hill Reflection and Self-assessment

1. How has the experience at Pyramid Hill given you the opportunity to develop relationships with those you might not have otherwise?






2. What did you take away from the service component of this experience?







3. What  leadership skills were you able to develop during this experience?







4. How much effort do you feel that you put into the lesson and practice work prior to going to Pyramid Hill and why?






5. On a scale of 1-10, with 1 being clueless and 10 being you could teach this to someone else, how confident do you feel about your understanding of the math concepts introduced?




6. What relationship between math and the real world did you notice/ realize on your journey today?




· Leadership Rubric
Name______________________________________________________________ Bell _____________
Leadership Rubric for Pyramid Hill

For each core value, please circle the rating which best describes your actions during this trip.
[image: ][image: ][image: ]
	Core Value
	Nailed it 
	Getting there
	Need more motivation


	Respect
	I have shown respect for most of the following: myself, my peers, the environment and my guides at all times to the best of my ability.
	I have shown respect for some of the following: myself, my peers, the environment, my guides some of the time. 
	I have shown  little or no respect to most of the following: myself, my peers, the environment, my guides.

	Community
	I have engaged and worked  with others from our school and from Pyramid Hill today. I have made attempts to reach out to include others and interact with people outside my circle of friends.
	I have engaged with others from our school and/or Pyramid HIll today. I have made attempts to reach out to include others or interact with people outside my circle of friends
	I have engaged with others on a minimal basis today.

	Peace 
	I have gone out of my way to promote peace within my community and in the larger community with people I have encountered during our field experience today by displaying a positive attitude and completing tasks with enthusiasm.
	I have not caused any discord today but I have not done anything extra to promote peace.
	I have been involved in conflict and/or contributed to discord through complaints and a bad attitude today.

	Hard Work
	I have completed all required tasks today with diligence and fidelity. In addition, I have sought out opportunities to engage in additional work.
	I have completed all required tasks today.
	I have completed some of the required tasks today.

	Learning
	I have taken advantage of the opportunity to learn from nature, the sculptures, the guides and my peers. I have engaged in reflection and attempted to further my understanding of the mathematical concepts learned in class through application.
	I have taken advantage of the opportunity to learn from nature, the sculptures, the guides or my peers. I have engaged in some reflection and made some attempt to further my understanding of the mathematical concepts learned in class through application.
	I have taken very little advantage of the opportunity to learn from nature, the sculptures, the guides or my peers. I have engaged in very little reflection and made very little attempt to further my understanding of the mathematical concepts learned in class through application.
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