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Algebra II: Geometric Series
Adding Up Geometric Series
Exercise 1
In the chart below, calculate and record the sum of the following geometric sequences:
	(a) 3, 6, 12, 24, 48   

sum = ________
	(b) 5, 10, 20, 40, 80    

sum = _______
	(c) 100, 50, 25, 12.5   

sum = ________


Calculating the Ratio of Consecutive Terms of Any Geometric Series
Exercise 2
Some geometric series are more challenging. Imagine trying to add up all the terms below (including all the missing terms between 36 and 8746).

4 + 12 + 36 + ... + 8748 + 26244 + 78732 + 236196 

(a) List some difficulties in finding the sum of this series. Describe any information that would be helpful in finding the sum: 

_________________________________________________________________________________

(b) Explain how we can use the first and second terms to calculate the ratio of any geometric series: _________________________________________________________________________________

(c) Use the process/formula you described above for calculating the ratio of terms to fill in the first blank line in the Ch code below.  Use variables to represent the numbers. Assume that Ch has values for the first and second terms, so the ratio must be expressed in terms of these variables:
· first (4)
· second (12)

Note: At this point, only fill in the first blank of the code below.  As you work through the lesson, you will be instructed to return to this code and will gradually fill in the three other blanks.  

Program 1
	//Initialize variables

double first, second, last, enter, ratio, product, difference, sum;

//get the terms

printf("enter the first term of the geometric series: ");

scanf("%lf", &first);

printf("enter the second term of the geometric series: ");

scanf("%lf", &second);

printf("enter the last term of the geometric series: ");

scanf("%lf", &last);

//calculations

//ratio = __________//fill this in upon completion of excercise 1f

//product = ___________//fill this in upon completion of exercise 3d

//difference = ___________//fill this in upon completion of exercise 4b

//sum = ___________//fill this in upon completion of exercise 5a

//display results

//printf("ratio: %.2lf", ratio);

//printf("product: %.2lf", product);

//printf("difference: %.2lf", difference);

//printf("sum: %.2lf", sum);


Note: Each time you fill in a blank, you can type the code into the ChIDE editor, delete the double forward slash marks (//), and run the program to confirm that your code is correct. Ch will ignore all comments following the double forward slash marks (//). 
Run your program, and record Ch’s answer for the ratio:

(d) ratio: _________

Multiplying Each Term by the Ratio

Exercise 3
Once we know the ratio, we can describe how to calculate each subsequent term in the series:

sum = 4 + 12 + 36 + 108 + ... + 8746 + 26244 + 78732 + 236196

You will continue to develop an algorithm by arranging each term of the series in the first row of Chart A. 

(a) Identify patterns in the first and second rows to complete the chart below.  

Chart A
	sum
	4
	12
	36
	108
	
	
	
	8748
	26244
	78732
	236196

	sum*ratio
	12
	36
	
	
	
	
	
	
	
	
	


(b) Explain how we used the first row and the ratio to generate the second row. ___________________________________________________________________________________

 

Since order does not matter in addition, we rearrange the second row to simplify things for us later.  Complete Chart B below:

Chart B
	sum
	4
	12
	36
	108
	
	
	
	8748
	26244
	78732
	236196

	sum*ratio
	708588
	12
	36
	108
	
	
	
	8748
	26244
	78732
	236196


(c) All of the values in the second row also appear in the first row, except for one of them. What is this value?______________________________

(d) What two numbers did we multiply to calculate the value in (c) above? _____________________

(e) What variables represent the numbers in (d) above? Use these variables to complete the equation:

product = ___________________
Hint: refer to the list of variable names and their values below:
· first (4)
· second (12)
· last (236196)
· ratio (3)
Replace the second blank in Table 1 (page one) with the equation above. Remember to remove the triple quotes before running your program.  Record Ch’s answer below:

(f) product: _____________
Subtracting Terms
Exercise 4

(a) With the same terms lined up, subtract the second row from the first. Record each difference in the last row of the chart.

	sum
	4
	12
	36
	108
	...
	26244
	78732
	236196

	ratio*s
	708588
	12
	36
	108
	...
	26244
	78732
	236196

	sum-ratio*sum
	
	
	
	
	...
	
	
	


Notice that since most of the terms subtract to zero, we only need to focus on the first two columns:

(b) In terms of variables, what two numbers did we subtract to get the only non-zero difference in the table above? Use the variables to complete the equation below:

difference = _________________________________
Hint: refer to the list of variable names and their values below:
· first (4)
· second (12)
· last (236196)
· ratio (3)
· product (708588)
Replace the third blank in Table 1 (page one) with the equation above. Remember to remove the triple quotes before running your program. Record Ch’s answer below:

(c) difference:  _____________
Solving for the Sum of the Series
Exercise 5
Refer to the chart below as a reminder of what variable corresponds to what value:

	Term
	Value
	Variable Name

	ratio*sum
	708588
	product

	sum - ratio*sum
	-708584
	difference


If we set the term in the last row equal to its variable name, we get: sum - ratio*sum=difference. Solve this equation for sum and use this to tell Ch how to calculate the sum of any geometric series.

(a) sum= _________________________ 

Replace the fourth blank in Table 1 (page one) with the equation above. Remember to remove the triple quotes before running your program.  Record Ch’s answer below:

(b) sum: _____________
Try your program out on the following geometric series and record the sum of each below:

	(c)

2+8+32+128+...+131072

sum = ________________
	(d)

32+8+2+...+.0078125

sum = ________________
	(e)

-5+25-125+-...-78125

sum = ________________


Modifying the Algorithm  
Exercise 6
Consider the following question: What is the sum of the first 78 terms of the geometric series 

6 + 12 + 24 + 48 + ... ?
(a) What additional information do we need to know in order to use our program to answer this question? ___________________________________________________________________

Did you notice that in the previous series we were given the value of the last term, but in this case we don't know the value of the last term? Fortunately, there is a way to calculate the value of the last term.

(b) Look for patterns in the table below that will help you to fill in the blanks (recall, the ratio of this series is 2):

	term # (n)
	1
	2
	3
	4
	5
	...
	78

	sum
	6
	12
	24
	48
	96
	...
	???

	sum factored
	6*2^0

	 6*2^1

	 6*2^2

	 
	
	...
	 


(c) Describe any patterns you see in the chart above:

________________________________________________________________________________

(d) Given the first and second values in the series, and the number of terms in the series,n, write a formula  (in terms of first, second and n) that Ch can use to calculate the value of the last term in the series.   

last = ____________________________
(e) Now that we know how to use the number of terms to calculate the value of the last term, complete the algorithm below to calculate the sum of any geometric series, given the first and second values, and the number of terms. Hint: Recall that in Ch ‘a’ to the power of ‘b’ is written pow(a,b)
	//Initialize variables

double first, second, last, enter, ratio, product, difference, sum;

int n;
//get the terms

printf("enter the first term of the geometric series: ");

scanf("%lf", &first);

printf("enter the second term of the geometric series: ");

scanf("%lf", &second);

printf("enter the number of terms in the geometric series: ");

scanf("%d", &n);
//calculations

ratio = second/first;

//last = ______________;

product = last*ratio;

difference = first - product;

sum = difference/(1 - ratio);
//display results

printf("ratio: %.2lf", ratio);

printf("last term: %lf", last);

printf("sum: %.2lf", sum);


(f) Run Program 2 above to calculate the sum of the first 78 terms of the series 6 + 12 + 24 + 48 + ... 

     sum: _______________ (express the answer using scientific notation)
Using Your Programs to Calculate the Sum of Other Geometric Series
Look at the below geometric series and choose the Ch program that is most appropriate for calculating the ratio and sum of each series (based on whether or not the value of the last term is given), and have Ch compute each ratio and sum for you.

Round your answers to the nearest ten thousandth.
	(1) Calculate the sum of the first 18 terms: 16 + 8 + 4 + ...

ratio = _______________

last term = ____________

sum = _______________
	(2) Calculate the sum: 

1 + 6 + 36 + 216 + ... + 279936

ratio = _______________

sum = _______________
	(3) Calculate the sum: 

125 + 25 + 5 + ... + .008

ratio = _______________

sum = _______________

	(4) Calculate the sum of the first 7 terms: 3 + 30 + 300 + ...

ratio = _______________

last term = ____________

sum = _______________
	(5) Calculate the sum:

-2 + 4 - 8 + - ... + 256

ratio = ______________

sum = ______________
	(6) Calculate the sum of the first 15 terms: 81 - 27 + 9 - + ...

ratio = ________________

last term = ____________

sum = ________________


Copyright and License
Copyright 2014, SoftIntegration, Inc. http://www.softintegration.com
The content of this lesson is licensed under the 

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F3.0%2F&sa=D&sntz=1&usg=AFQjCNEkGjDdGkHbUbUnDvbQE_Uk1F0AJQ"
Creative

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F3.0%2F&sa=D&sntz=1&usg=AFQjCNEkGjDdGkHbUbUnDvbQE_Uk1F0AJQ"
 

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F3.0%2F&sa=D&sntz=1&usg=AFQjCNEkGjDdGkHbUbUnDvbQE_Uk1F0AJQ"
Commons

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F3.0%2F&sa=D&sntz=1&usg=AFQjCNEkGjDdGkHbUbUnDvbQE_Uk1F0AJQ"
 

HYPERLINK "http://creativecommons.org/licenses/by/3.0/"
Attribution

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F3.0%2F&sa=D&sntz=1&usg=AFQjCNEkGjDdGkHbUbUnDvbQE_Uk1F0AJQ"
 3.0 

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F3.0%2F&sa=D&sntz=1&usg=AFQjCNEkGjDdGkHbUbUnDvbQE_Uk1F0AJQ"
License, and code samples are licensed under the 

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.apache.org%2Flicenses%2FLICENSE-2.0&sa=D&sntz=1&usg=AFQjCNFPaSHdvCi6VD7GwgEkKspvD3d_tw"
Apache

 HYPERLINK "http://www.google.com/url?q=http%3A%2F%2Fwww.apache.org%2Flicenses%2FLICENSE-2.0&sa=D&sntz=1&usg=AFQjCNFPaSHdvCi6VD7GwgEkKspvD3d_tw"
 2.0 

HYPERLINK "http://www.apache.org/licenses/LICENSE-2.0"
License.
7

[image: image1.png]