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Self-study Packet 
1. Mystery: Problem solving

2. Geometry: Area and perimeter of polygons 

3. Number Theory: Divisibility GCF, LCM, prime factorization 

4. Arithmetic: Fractions, terminating and repeating decimals, percents 

5. Algebra: Word problems with 1 unknown; working with formulas; reasoning in number sentences 
http://www.imlem.org

Meet #2 – Geometry
Perimeter-The distance around a two-dimensional shape.
[image: image5.wmf]
Example: the perimeter of this rectangle is 

a+b+a+b = 2(a+b)
Rectangular corner cuts don’t change perimeter:

[image: image50..pict][image: image51..pict]
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The size of a surface.   The amount of space inside the boundary of a flat (2-dimensional) object such as a triangle or circle. 

Area of Plane Shapes
	[image: image9.wmf]
	Triangle
Area = ½b×h
b = base

h = vertical height
	 
	[image: image10.wmf]
	Square
Area = a2
a = length of side

	[image: image11.wmf]
	Rectangle
Area = b×h
b = breadth

h = height
	 
	[image: image12.wmf]
	Parallelogram
Area = b×h
b = breadth

h = height

	[image: image13.wmf]
	Trapezoid
Area = ½(a+b)h
h = vertical height
	 
	
	


Area to Perimeter Problems:  ¿A square has an area of 36.  What is its perimeter?  Answer: The square must be 6x6, so the four sides are all 6, so 4x6=24.

¿A rectangle is twice as long as it is wide, and it has an area of 32.
What is its perimeter?

Answer: Try factors of 32:

	Size: 
	1x32
	2x16
	4x8

	Area:
	32
	32
	32


We see that 8 long x 4 wide is twice as long as it is wide.
The perimeter is then 8+4 + 8+4 = 24.

Area of Complex Shape Problems:  
Break it into rectangles and triangles, and add or subtract areas.  
[image: image14]What is the area of just the shaded region in the 5x5 grid below?


Answer: The entire grid has an area of 25.  The white corners, starting in the top left and going clockwise have areas 1, 1.5,  1, 4.5 or a
total white area of 8.  So, total shaded is 25-8=17.

You could have done this problem by breaking 
up the shaded area into triangles and rectangles.

[image: image15]Which way is easier?  

For another approach, we can use Pick’s Formula (November 2003 Algebra round.)  Here you count the grid crossings that are entirely inside the figure (13 in this figure), and the grid crossings that are on the border (10).  The area is 

    Interior Crossings + Edge Crossings / 2  – 1 

Or, in this case:

13 + 10/2 – 1 = 13 + 5 – 1 = 17.

[image: image16]

 SHAPE  \* MERGEFORMAT [image: image17]Category 2

Geometry

Meet #2, November 2004

1.  How many different rectangles have a perimeter of 48 units, if both the length and the width of the rectangle are positive whole numbers?  

Note: A rectangle with length a and width b is considered the same as a rectangle with length b and width a.

Hint: If the perimeter is 48, length+width must be 24.  It could be a 1x23 rectangle.  What else?

2.  An irregular octagon is made on a grid as shown at right.  Notice that some sides are longer than others.  If the octagon has an area of 252 square inches, how many inches are in the length of a short side?

Hint:How many square units are shaded?  There are 5 full ones and 4 half ones, or ____ total.  If the total shaded area is 252, how much area must one square have?  Once you know that, what is the size of the edge of a square?

3.  Three right triangles and two squares were cut out of a rectangle with length 20 centimeters and width 12 centimeters as shown below.  The dimensions of the triangles are given in the picture and the squares are each 3.5 cm by 3.5 cm.  
How many square centimeters are in the area of the shaded region? 



Solutions to Category 2

Geometry

Meet #2, November 2004


1.  Since the perimeter of a rectangle is twice the sum of the length and the width, we will consider all whole number lengths and widths with a sum of 24 units.  
The 12 possible dimensions of the rectangle are: 1 ( 23, 2 ( 22, 3 ( 21, 4 ( 20, 5 ( 19, 6 ( 18, 7 ( 17, 8 ( 16, 
9 ( 15, 10 ( 14, 11 ( 13, and 12 ( 12.  

2.  There are 5 full squares and 4 half squares in the shaded area, for a total of 7 squares the size of the grid.  Since the area of the shaded region is 252 square inches, each square in the grid must be 252 ÷ 7 = 36 square inches.  This means each grid square must be 6 inches on a side (6 ( 6 = 36), and there are also 6 inches in the short side of the octagon.

3.  Before the triangles and squares were cut out of the rectangle, it had an area of 12 cm ( 20 cm = 240 square centimeters.  The areas of the triangles are 10 ( 3 ÷ 2 = 15 cm2, 8 ( 3 ÷ 2 = 12 cm2, and 5 ( 7 ÷ 2 = 17.5 cm2.  The area of the two squares is 2 ( 3.5 ( 3.5 = 24.5 cm2.  Subtracting these areas from the original 240 square centimeters, we get 240 – 15 –12 –17.5 – 24.5 = 171 square centimeters.

Category 2

Geometry

Meet #2, November 2003

1.  Find the number of feet in the perimeter of the figure below.  

All angles are right angles and all lengths are in feet.   


Hint: See this as one large rectangle with two rectangular corners cut out.  What is perimeter of that rectangle?

2.  The two squares shown side by side in the figure below have a total area of 74 square inches.  The side length of each square is a whole number of inches.  How many inches are in the perimeter of the figure?  (Note: The line where the two squares touch is not to be counted in the perimeter of the figure.)


Hint: They’re both SQUARES whose areas add to 74.  What two squares add to 74?  16+25? No, that’s 41.

3.  In the figure below, ABCD is a rectangle.  The points E and F trisect side 
[image: image18.wmf], meaning they cut it in three equal pieces.  G is a point on side 
[image: image19.wmf].  The length of side 
[image: image20.wmf] is 3 inches and the length of 
[image: image21.wmf] is 1.2 inches.  Find the number of square inches in the shaded area of the figure.



Solutions to Category 2

Geometry

Meet #2, November 2003

1.  The unmarked height on the left side of the figure is the sum of the three vertical lengths on the right, namely 6 + 3 + 3 = 12 feet.  Similarly, the other unmarked length must be 8 + 11 – 7 = 12 feet also.  The perimeter of the figure is thus: 8 + 6 + 11 + 3 + 12 + 3 + 7 + 12 = 62 feet.  Alternatively, one could reason that there must be two vertical totals of 12 feet and two horizontal totals of 19 feet, for a perimeter of: 
[image: image22.wmf] feet.


2.  The two perfect squares with a sum of 74 must be 49 and 25.  This means the side length of the smaller square is 5 inches and the side length of the larger square must be 7 inches.  Although there are two unknown lengths where the smaller square meets the larger square (call one of them x and the other y), the total height x + 5 + y must equal 7.  Thus the perimeter of the figure is 
[image: image23.wmf] 38.

3.  The area of rectangle ABCD is 
[image: image24.wmf] square inches.  Since E and F trisect side 
[image: image25.wmf], the length of segment 
[image: image26.wmf] must be 3 ÷ 3 = 1 inch.  Also, regardless of where point G is on 
[image: image27.wmf], the height of triangle EFG is 1.2 inches.  Thus the area of triangle EFG is 
[image: image28.wmf] square inches.  Subtracting the area of triangle EFG from the area of rectangle ABCD, we get 3.6 – 0.6 = 3 square inches, which is the area of the shaded regions.

Category 2

Geometry

Meet #2, November, 2002

1.  If the trapezoid shown here has an area of 195.5 square centimeters, how many centimeters are in the length of base one? 

Hint: Area of a trapezoid is the average of the bases times the height.

2.  Arnold bought a rectangular sheet of plywood measuring 4 feet by 8 feet.  From each of the four corners of the sheet of plywood, he cut rectangles for some shelves.  Two of the rectangles measured 12 inches by 36 inches and the other two measured 10 inches by 30 inches. If we disregard any waste from the thickness of the cuts, how many feet are in the perimeter of the remaining piece of plywood?

3.  If the side length of each square in the grid below measures 1 centimeter, how many square centimeters are there in the area of polygon ABCDEFGHI? 

Hint:It may be easier to find the total area,
and then subtract the triangles on the edges.

Solutions to Category 2

Geometry

Meet #2, November, 2002


1.  The formula for the area of a trapezoid is 
[image: image29.wmf] , where h is the height, 
[image: image30.wmf] is base one, and 
[image: image31.wmf] is base two.  In our case, we know the area and need to find the value of 
[image: image32.wmf]. Substituting the known values into the equation, we have 
[image: image33.wmf]. If we had two such trapezoids, then we would have: 
[image: image34.wmf] or 
[image: image35.wmf].  Dividing both sides of the equation by 17, we get 
[image: image36.wmf], which means the sum of the bases is 23 and base one must be 9 cm.

2.  Cutting rectangles from the corners of the sheet of plywood decreases the area but has no affect on the perimeter.  The perimeter remains the same as the original 4 ft by 8 ft sheet, which is 4 + 8 + 4 + 8 = 24 feet.
3.  The interior of the polygon ABCDEFGHI can be subdivided into triangles and rectangles in number of ways.  One way is shown below.  An alternative solution is to subtract the area of the regions that are outside the polygon from the total of 
[image: image37.wmf] squares in the entire grid.  This way is shown as well. 
Interior sum:

6 + 4 + 4 + 6 + 16 + 4 + 3 + 18 + 4.5 + 4.5 = 70 square centimeters.

Exterior sum: 

6 + 4 + 7 + 9 = 26 and 

96 – 26 = 70 square centimeters.

Category 2

Geometry

Meet #2, November, 2001

1.  A rectangle is one foot longer than it is wide and has a perimeter of 50 feet.  How many square feet are in the area of the rectangle?

Hint: If the perimeter is 50, what is the length + width?

2.  In the rectangle below, the measure of 

 is 24 inches, the measure of 

 is 11 inches, and the measure of 

 is 10 inches.  If 

 is parallel to 

, how many square inches are in the combined area of the shaded regions.  




Hint: The white area is a trapezoid – what are the bases and height?

3.  Larry has created a backyard patio using bluestone tiles that measure 2 feet by 2 feet.  He laid out the tiles as shown in the diagram below.  Notice that he has left room for a flower bed in the middle of the patio.  He now plans to run plastic edging around both the outer and inner perimeters of the tiled area.  How many linear feet of plastic edging will be required?

	Answers

  1.  _____________

  2.  _____________

  3.  _____________


	




Hint: When you’re done, be sure you remember that the tiles are 2x2!


Solutions to Category 2

Geometry

Meet #2, November, 2001

	Answers

1.  156

2.  154

3.  84


	1.  If the rectangle were not one foot longer than it is wide, it would be a square with a perimeter of 48 feet and therefore a side length of 12 feet.  The dimensions of the rectangle must be 12 feet by 13 feet, which give it an area of 156 square feet. 

2.  It is not necessary to know where points E and F fall on 

.  Rectangle ABCD has an area of 

 square inches and parallelogram DEFG has an area of 

 square inches.  The area of the shaded regions is what remains when parallelogram DEFG is removed from rectangle ABCD:  

154 square inches.

3.  We see outer dimensions of 7 tiles by 9 tiles, which means 14 feet by 18 feet since the tiles measure 2 feet by 2 feet.  The total outer perimeter is thus 

 feet.  The inner perimeter (around the flower bed) measures 2 tiles by 3 tiles, or 4 feet by 6 feet for an inner perimeter of 

 feet.  Larry will need 

84 feet of plastic edging.  




Category 2

Geometry

Meet #2, December 2000

1.  The length of the sides of a square and the sides of a regular octagon are the same.  The area of the square is 196 square centimeters.  What is the perimeter of the octagon?  Express your answer in centimeters.

Hint: What is the side length of a square with area of 196?  How many sides does an octagon have?

2.  The pattern pictured below is to be cut from expensive fabric that comes on a bolt that is 42 inches wide.  If Sue buys 2 yards of fabric from the 42-inch bolt and cuts out her pattern, how many square inches of fabric will be wasted?  (Reminder:  1 yard = 36 inches.)


Hint: This is hard. Try drawing the
rectangular piece of fabric around
this shape first.

3.  Find the perimeter of the figure shown below.  For this problem, you may assume that all the angles that appear to be right angles are right angles.

[image: image38.wmf]

            Answers

  1.  _____________

  2.  _____________

  3.  _____________ 

Hint: See this as a rectangle with rectangular notches cut from
 
 the corners.  What would the dimensions of the rectangle be?
Solutions to Category 2

Geometry

Meet #2, December 2000

	Answers

1.  112

2.  918

3.  74
	1.  A square whose area is 196 square centimeters has a side length of 14 centimeters.  Since the octagon has the same side length and all eight of its sides are the same (regular), the perimeter of the octagon is 
[image: image39.wmf] centimeters.

2.  Two yards of fabric from a 42-inch bolt is 
[image: image40.wmf]square inches.  The area of the trapezoid can be found using the formula 
[image: image41.wmf], where h is the height, 
[image: image42.wmf] is one of the bases, and 
[image: image43.wmf] is the other.  For Sue’s pattern, the area is 
[image: image44.wmf] square inches.  Since Sue started with 3024 square inches of fabric and only used 2106 square inches, 
[image: image45.wmf] square inches of fabric are wasted.

3.  Since the figure is “rectilinear” (composed of straight lines and right angles), the total horizontal distance across the top must equal the total horizontal distance across the bottom or 
[image: image46.wmf] cm.  Thus we can say that the three unknown horizontal segments have a sum of 28 cm, even though we don’t know their individual lengths.  Similarly, the three vertical segments on the right that are not labeled must have the same total length as the three vertical segments on the left that are labeled, namely 
[image: image47.wmf] cm.  The total perimeter of the figure is 
[image: image48.wmf]cm.


Answers


  1.  _______________


  2.  _______________


  3.  _______________
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Solutions are on the next page.


Hints were not part of the original meet.
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Answers


  1.  _______________


  2.  _______________


  3.  _______________








3÷2





Answers


  1.  _______________


  2.  _______________


  3.  _______________
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Perimeter: 100!
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What is the shortest�path to the Treasure,�staying on the lines?





Answer below





20 overall





Answer to treasure hunt: All paths are the same (except the ones where you go backwards!)















































White corner is a 2x1 triangle with area of 1.





White corner is a 3x1 triangle with area of 1.5
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