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Below are drawings of the first four Triangular Numbers.  (Can you guess why they are called Triangular Numbers?)

[image: image65.emf]
In the space below, use the fourth Triangular Number to help you draw the fifth Triangular Number.
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Now, see if you can complete the table below.
	Triangular Numbers

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	…
	nth

	Number of dots
	1
	3
	6
	10
	
	
	
	
	…
	


Below are drawings of the first four Pentagonal Numbers.  (Can you guess why they are called Pentagonal Numbers?)

[image: image3.png]



In the space below, use the fourth Pentagonal Number to help you draw the fifth Pentagonal Number.

[image: image4.png]



Now, see if you can complete the table below.

	Pentagonal Numbers

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	…
	nth

	Number of dots
	1
	5
	12
	22
	
	
	
	
	…
	


Below are drawings of the first four Hexagonal Numbers.  (Can you guess why they are called Hexagonal Numbers?)

[image: image1.png]
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In the space below, use the fourth Hexagonal Number to help you draw the fifth Hexagonal Number.

[image: image6.png]



Now, see if you can complete the table below.

	Hexagonal Numbers

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	…
	nth

	Number of dots
	1
	6
	15
	28
	
	
	
	
	…
	


Below are drawings of the first four Octagonal Numbers.  (Can you guess why they are called Octagonal Numbers?)

[image: image7.png]



In the space below, use the fourth Octagonal Number to help you draw the fifth Octagonal Number.

[image: image8.png]



Now, see if you can complete the table below.

	Octagonal Numbers

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	…
	nth

	Number of dots
	1
	8
	21
	40
	
	
	
	
	…
	


	
	1
	2
	3
	4
	5
	6
	7
	8
	…
	n

	P(1, n)
	1
	1
	
	
	
	
	
	
	…
	

	P(2, n)
	1
	2
	
	
	
	
	
	
	…
	

	P(3, n)
	1
	3
	6
	10
	15
	21
	28
	36
	…
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	P(4, n)
	1
	4
	9
	16
	25
	36
	49
	64
	…
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	P(5, n)
	1
	5
	12
	22
	35
	51
	70
	92
	…
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	P(6, n)
	1
	6
	15
	28
	45
	66
	91
	120
	…
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	P(7, n)
	1
	7
	
	
	
	
	
	
	…
	

	P(8, n)
	1
	8
	21
	40
	65
	96
	133
	176
	…
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	P(9, n)
	1
	9
	
	
	
	
	
	
	
	

	P(10, n)
	1
	10
	
	
	
	
	
	
	
	

	P(12, n)
	1
	12
	
	
	
	
	
	
	
	


1.
In the table above, fill in the third through seventh polygonal numbers for the:


a.
heptagonal numbers (7th row)
b.
nonagonal numbers (9th row)


c.
decagonal numbers (10th row)
d.
dodecagonal numbers (12th row)


e.
“two”-gonal  (2nd row)
e.
“one”-gonal numbers (1st row)

2.
Find each general polygonal number and enter it in the appropriate position in the table above.  Here, P(m, n) refers to the nth “m”-gonal number so that P(3, n) = 
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, and P(4, n) = n2.


a.
P(7, n)
b.
P(9, n)
c.
P(10, n)
d.
P(12, n)
e.
P(2, n)
f.
P(1, n)

3.
Use the formulas for the nth “m”-gonal numbers in the table above to derive a formula for


P(m, n), the general nth “m”-gonal number.

4.
Look for different patterns that relate entries from different rows columns of polygonal number.  On the back of this worksheet, describe these relationships.

The mth n-gonal number is


[image: image15.wmf]21

1112

2

nn

nmm

æöæö

ç÷ç÷

æöæöæö

èøèø

ç÷ç÷ç÷

èøèøèø

--

+--+×-


[image: image16.emf]

[image: image17.wmf](

)

(

)

(

)

3,1,1,

PnPmnPmn

-+=+



[image: image18.wmf](

)

(

)

(

)

3,3,14,1

PnPnPn

++=+



[image: image19.wmf](

)

(

)

(

)

3,4,15,1

PnPnPn

++=+



[image: image20.wmf](

)

(

)

(

)

23,3,15,1

PnPnPn

×++=+



[image: image21.wmf](

)

(

)

(

)

(

)

3,12,2,13,1

PnPnPnPn

-+++=+



[image: image22.wmf](

)

(

)

(

)

(

)

(

)

3,3,14,4,18,11

PnPnPnPnPn

+++++=++



[image: image23.wmf](

)

(

)

(

)

3,2,4,

PnPnPnn

×=+



[image: image24.wmf](

)

(

)

(

)

(

)

4,4,13,15,1

PnPnPnPn

++--=+



[image: image25.wmf](

)

(

)

(

)

(

)

4,5,13,16,1

PnPnPnPn

++--=+



[image: image26.wmf](

)

(

)

(

)

(

)

5,5,123,16,1

PnPnPnPn

++-×-=+



[image: image27.wmf](

)

(

)

(

)

(

)

(

)

5,6,72,2,19,1

PnPnPnPnPn

++×--=+



[image: image28.wmf](

)

(

)

6,3,21

PnPn

=-



[image: image29.wmf](

)

(

)

(

)

(

)

1

6,7,1,38,1

n

j

PnPnPjPn

=

++-=+

å



[image: image30.wmf](

)

(

)

(

)

(

)

,1,1,2,

PmnPmnPmnPmn

++--=+



[image: image31.wmf](

)

(

)

(

)

(

)

,1,,1,

PmnPmnPmqnPmqn

++--=++



[image: image32.wmf](

)

(

)

(

)

1,1,2,

PmnPmnPmn

-++=×



[image: image33.wmf](

)

(

)

3,21,3

PmPm

×=+



[image: image34.wmf](

)

(

)

2,341,4

PmPm

×+=+



[image: image35.wmf](

)

(

)

(

)

,31,311,4

PmPmPm

+++=+



[image: image36.wmf](

)

(

)

(

)

(

)

(

)

,31,32,31033,4

PmPmPmmPm

+++++-=+



[image: image37.wmf](

)

(

)

(

)

3,41,6,7

PmPmPm

-++=



[image: image38.wmf](

)

(

)

(

)

(

)

1,5,61011,6

PmPmmPm

++-×+=-



[image: image39.wmf](

)

(

)

2,11,

PnnPnn

+-+=



[image: image40.wmf](

)

(

)

(

)

3,1,1,

PnCPmnCPmn

-+=+



[image: image41.wmf](

)

(

)

(

)

(

)

,1,1,2,

CPmnCPmnCPmnCPmn

++--=+



[image: image42.wmf](

)

(

)

,,1

CPmnmnCPmn

+×=+



[image: image43.wmf](

)

(

)

(

)

(

)

,2,33,21,3

CPmCPmCPmCPm

+--=+



[image: image44.wmf](

)

(

)

2,1,2

CPnnCPnn

++=+



[image: image45.wmf](

)

(

)

(

)

,1,1,1

CPmnCPnCPmn

+=++



[image: image46.wmf](

)

(

)

(

)

2,2,31,3

CPmCPmCPm

×+=+



[image: image47.wmf](

)

(

)

2,,1

CPnnnCPnn

++=+


	1
	
	
	
	
	
	
	
	
	
	
	

	2
	1
	
	
	
	
	
	
	
	
	
	

	2
	3
	1
	
	
	
	
	
	
	
	
	

	2
	5
	4
	1
	
	
	
	
	
	
	
	

	2
	7
	9
	5
	1
	
	
	
	
	
	
	

	2
	9
	16
	14
	6
	1
	
	
	
	
	
	

	2
	11
	25
	30
	20
	7
	1
	
	
	
	
	

	2
	13
	36
	55
	50
	27
	8
	1
	
	
	
	

	2
	15
	49
	91
	105
	77
	35
	9
	1
	
	
	

	2
	17
	64
	140
	196
	182
	112
	44
	10
	1
	
	

	2
	19
	81
	204
	336
	378
	294
	156
	54
	11
	1
	

	2
	21
	100
	285
	540
	714
	672
	450
	210
	65
	12
	1


	1
	
	
	
	
	
	
	
	
	
	
	

	3
	1
	
	
	
	
	
	
	
	
	
	

	3
	4
	1
	
	
	
	
	
	
	
	
	

	3
	7
	5
	1
	
	
	
	
	
	
	
	

	3
	10
	12
	6
	1
	
	
	
	
	
	
	

	3
	13
	22
	18
	7
	1
	
	
	
	
	
	

	3
	16
	35
	40
	25
	8
	1
	
	
	
	
	

	3
	19
	51
	75
	65
	33
	9
	1
	
	
	
	

	3
	22
	70
	126
	140
	98
	42
	10
	1
	
	
	

	3
	25
	92
	196
	266
	238
	140
	52
	11
	1
	
	

	3
	28
	117
	288
	462
	504
	378
	192
	63
	12
	1
	

	3
	31
	145
	405
	750
	966
	882
	570
	255
	75
	13
	1


	
	1
	2
	3
	4
	5
	6
	7
	8
	…
	n

	CP(1, n)
	1
	2
	
	
	
	
	
	
	…
	

	CP(2, n)
	1
	3
	
	
	
	
	
	
	…
	

	CP(3, n)
	1
	4
	10
	19
	
	
	
	
	…
	

	CP(4, n)
	1
	5
	13
	25
	
	
	
	
	…
	

	CP(5, n)
	1
	6
	16
	31
	
	
	
	
	…
	

	CP(6, n)
	1
	7
	
	
	
	
	
	
	…
	

	CP(7, n)
	1
	8
	
	
	
	
	
	
	…
	

	CP(8, n)
	1
	9
	
	
	
	
	
	
	…
	


1.
Draw CP(6, 2), CP(6, 3), and CP(6, 4) in the space below.

2.
Complete the table above, including all of general centered polygonal numbers, CP(1, n) through CP(8, n).

3.
Use the formulas for the first eight nth centered  “m”-gonal numbers to derive a formula for CP(m, n), the general nth centered “m”-gonal number.

4.
As before, look for patterns that relate entries from different rows or columns of centered polygonal numbers.  On the back of this worksheet, describe these relationships.  Do any patterns that held for polygonal numbers also hold for centered polygonal numbers?

Centered triangular numbers

[image: image48.emf]
Centered square numbers

[image: image49.emf]
Centered pentagonal numbers

[image: image50.emf]
The mth centered n-gonal number is
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	1
	2
	3
	4
	5
	6
	7
	…
	n

	Tetrahedral
	1
	4
	10
	20
	
	
	
	…
	

	Octahedral
	1
	6
	19
	44
	
	
	
	…
	

	Cubic
	1
	8
	27
	64
	125
	216
	343
	…
	
[image: image52.wmf]3

n



	Icosahedral
	1
	12
	48
	124
	
	
	
	…
	

	Dodecahedral
	1
	20
	84
	220
	
	
	
	…
	



[image: image53.emf]
1.
Draw the fourth tetrahedral number and fourth octahedral number in the space below.

2.
It is known that nth polyhedral numbers can be represented by cubic polynomials. Using this information and the values in the table, apply the process of finite differences to complete the table, including determining for all 5 nth polyhedral numbers listed.

	
	1
	2
	3
	4
	5
	6
	7
	…
	n

	cTetrahedral
	1
	5
	
	35
	
	
	
	…
	

	cOctahedral
	1
	7
	
	63
	
	
	
	…
	

	cCubic
	1
	9
	
	91
	
	
	
	…
	

	Icosahedral
	1
	13
	55
	147
	
	
	
	…
	

	cDodecahedral
	1
	33
	155
	427
	
	
	
	…
	


1.
Draw the third tetrahedral, cubic, and octahedral number in the space below.  Then enter this number in the table above.

2.
It is known that nth centered polyhedral numbers can also be represented by cubic polynomials. Using this information and the values in the table, apply the process of finite differences to complete the table, including determining for all 5 nth centered polyhedral numbers listed.

Tetrahedral numbers

[image: image54.wmf]
Octahedral numbers


Centered tetrahedral numbers


Centered octahedral numbers


	
	Points
	Segments
	Triangles
	Quads
	Pentas
	Hexas
	Heptas

	[image: image55.emf]
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A graph consists of a set of points, called vertices, and a set of segments (straight or curvy) between theses points, called edges.  A graph may have more than one edge connecting the same two vertices or have an edge that starts and ends at the same vertex (called a loop).  A graph is connected if there exists a path (an alternating sequence of vertices and edges) between all pairs of vertices in the graph
Draw four different connected graphs, each of which having exactly 6 faces. Then for each of your graphs, record the number of vertices and the number of edges in the table below.

Graph 1:






Graph 2: 

Graph 3:






Graph 4: 

	
	Graph 1
	Graph 2
	Graph 3
	Graph 4

	Vertices
	
	
	
	

	Edges
	
	
	
	


What, if anything, can you conclude about the relationship between the vertices, edges, and faces of your graphs and graphs of the others in your group?
Draw four different connected 3-dimensional figures. Make sure that most, if not all, of these figures are also different from those drawn by others in your group.  Then for each of your figures, record the number of vertices, the number of edges, and the number of faces in the table below.

Figure 1:






Figure 2:
Figure 3:






Figure 4:
	
	Figure 1
	Figure 2
	Figure 3
	Figure 4

	Vertices
	
	
	
	

	Edges
	
	
	
	

	Faces
	
	
	
	


What, if anything, can you conclude about the relationship between the vertices, edges, and faces of your 3-D figures and 3-D figures of the others in your group?

1.
The pentagonal pyramidal numbers are formed from a pyramid with a pentagonal base that is a pentagonal number.  So, the second pentagonal pyramidal number has the second pentagonal number as its base, the third pentagonal pyramidal number has the third pentagonal number as its base, and so on. The first few pentagonal pyramidal numbers are listed in the table below.

	1
	2
	3
	4
	5
	6
	7
	…
	n

	1
	6
	18
	
	
	
	
	…
	



a.
Draw the third pentagonal pyramidal numbers in the space at the right. 


b.
Determine the fourth through seventh pentagonal pyramidal numbers and an expression for the nth pentagonal pyramidal number, listing them in the table above.  

2.
Draw a 2D-graph with the following number of vertices (V), faces (F), and Edges (E).


Note:  I know that e, f, g, and h contradict Euler’s formula, but they still can be drawn. 


a.
V = 1, F = 2, E = 2
b.
V = 2, F = 1, E = 2


c.
V = 2, F = 2, E = 3
d.
V = 3, F = 5, E = 7

e.
V = 4, F = 1, E = 2
f.
V = 4, F = 2, E = 4

g.
V = 4, F = 2, E = 3
h.
V = 12, F = 6, E = 15
Dr. Don Porzio, IMSA
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