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 Quick Start – Symbolic Computations

CAS Tip

· After typing the relevant keys, press ENTER to execute the command. 

· To enter alphabetic letters other than x, y, z and t, precede the indicated symbol with the ALPHA key. 

· To enter (, press  SHIFT3

· To enter variable x press 
[image: image1.wmf]q

xT

 key
	Task
	Keystrokes 
	Result

	Evaluate 
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Algebraic Modelling

Tip: When working with variables it is important to clear any previous values or expressions that have been assigned to variables and the easiest way to do this is to start by pressing SHIFT HOME
CAS Tip: Always include a multiplication sign for implicit multiplication. If multiplying by anything other than a number the CAS will not recognise implicit multiplication. For example, if ab is entered, it is recognised as one object, ‘ab’ rather than a*b. In many cases this can result in an incorrect answer when solving.

Also, to input a variable press ALPHA then the number representing the variable eg. To enter y press ALPHA 2

Substitution

. 

CAS Tip: When using substitution, the value or expression is substituted into the expression but it is not stored. It is important to be clear about the difference between storing and substituting.

Example 1

If y = 2x2 find y when 

a
x = 4, 

b
x =
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c
x = a + b
Solution

	a
Type 2 
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ALEG   l  x   
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 4 ENTER

The answer is 32.
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	b
Press  TOOLS  PASTE  
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 (3/5) ENTER   

The answer is
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	c
Press  TOOLS  PASTE  
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The answer is
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Example 2

If 
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find z when x = 4 and y = 2

Solution

	Type 
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The result is 32. The CAS has substituted and automatically simplified the answer.
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Formula and substitution

The SOLVE applet can be used for substitution into formula and solving equations.
Example 1

If 
[image: image39.wmf]2

2

1

at

ut

s

+

=

 find

a) s if u = 3, t = 2, a = 5

b) a if u = 4, s = 12, t = 2
c) t if s = 20, u = 5, a = 4
	a)
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APLET  SOLVE type  
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Press SHOW to make sur formula is entered correctly. OK

 press NUM    u = 3, ENTER  t = 2  ENTER a = 5 ENTER
Cursor on s press SOLVE

S = 16
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	b) APLET  SOLVE  the equation 
[image: image44.wmf]2

2

1

at

ut

s

+

=

 should be entered already
NUM  u = 4 ENTER s = 12 ENTER           t =2 ENTER put cursor on a SOLVE

a = 2
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	c) NUM enter s = 20 ENTER u = 5 ENTER a = 4 ENTER put cursor on t and press solve 

t = 2.15
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Expansion and simplification
Example 1
Expand the following expressions:

a
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Solution

	a
Press CAS.  Type the following to complete the command

 3x   X (x+4) and press ENTER

The result is 
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	b
Type  3  ALPHA VARS ( 2- ALPHA VARS
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 ALPHA VARS ( 3 + 2 ALPHA VARS  and press ENTER

The result is 
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	c
Type  20x 
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 ENTER

The result is 
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Rearranging expressions (Changing subject)
Example 1

Rearrange 
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to find an expression for x in terms of y.


Solution
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The result is
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Example 2

Rewrite 
[image: image64.wmf]2

6

4

d

a

+=

 in the form
[image: image65.wmf](

)

(

)

djakak

=+-

, where j and k are constants.

Solution

	
Press SOLV  ISOLATE   
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The result is 
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Example 3

Rewrite 

a
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b
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as a proper fraction.

Solution

	a
Press REWRI  SIMPLIFY   
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The result is 
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Press    REWRI   DISTRIBUTE   .
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The result is
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Solving equations for one variable

Solving equations for one variable is very straightforward using the inbuilt SOLVE feature of the CAS. For simple cases it is probably easier to write down answers by inspection of the equations rather than enter the equation into the CAS. If solving via the CAS, check the calculator input (which will be shown above the entry line) to check that the syntax was correct.

CAS Tip: Always include a multiplication sign for implicit multiplication. If multiplying by anything other than a number the CAS will not recognise implicit multiplication. For example, if ab is entered, it is recognised as one object, ‘ab’ rather than a*b. In many cases this can result in an incorrect answer when solving.

Example 1

Solve 
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Solution

	
Press HOME CAS SOLV       
[image: image78.wmf]ENTER

z

ALPHA

SHIFT

z

ALPHA

­­

®

=

­­

+

­­

)

(

3

5

.

11

)

.(

4

)

(

3

6

.

1

  


Type the following to complete the command.

The result is z = 4.6875
	[image: image79.png]



[image: image80.png]I






	
To change this to an exact answer use the SHIFT   NUM key.

The result the exact answer z = 47/10
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Example 2


a) For the equation 3x+2 = 5x-7 

Solve the equation for x 

b) Solve 
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Solution

	a)
Press HOME CAS SOLVX       
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The result is 
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	b
Press HOME CAS SOLVX       
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The result is 
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Defining and using variables

Example 1

Assign the value 4 to x and then find:

a
3x


b
x2
c 
y + 5x
Solution


	
To enter CAS in the HOME screen press the CAS soft menu 
key, to start a new problem, press SHIFT DEL

First store the value 4 into x.


Type ALGB  STORE 
[image: image91.wmf]x
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  and press ENTER
The value of 4 is stored in the variable x and every time x is entered, the calculator will automatically substitute the value 4. This will continue to be the case until the variable x is cleared .
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	a
Type 3*x and press ENTER The calculator will ask if you would like to purge the current variable say NO then OK and 3x will be shown press NUM to get the exact value

The result is 12
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	b
 Type x x
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 and press ENTER   NO  OK  NUM

The result is 16
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NOTE to unssign the value given to x  press ALGB  UNASSIGN OK  x ENTER
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Proportion and Variation

Example 1

If x varies as the square of y and when x = 7 , y = 13.

a) Find the constant of variation

b) Find x when y = 13.

	a)
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 EMBED Equation.3  [image: image104.wmf]2
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APLET  SOLVE type  
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NUM    x = 7, ENTER  y = 5 ENTER

Cursor on k press SOLVE

K = 0.28
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	d) APLET  SOLVE  the equation 
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NUM  y = 13 ENTER k = 0.28 (should be there from a) put cursor on x  SOLVE

x = 47.32
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Example 2

a varies directly as the square root of b. If a = 5 when b = 12, find b when a is 6
	a)
[image: image111.wmf]

 EMBED Equation.3  [image: image112.wmf]b
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APLET  SOLVE type  
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NUM    a = 5, ENTER  b = 12 ENTER

Cursor on k press SOLVE

K = 1.4433…..
	[image: image114.png]s souve svmbouc nen s





[image: image115.png]R —







	APLET  SOLVE  the equation 
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NUM  a = 6 ENTER k = 0.00472 (should be there from a) put cursor on b  SOLVE

B =  17.28
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Example 2

P varies inversely as Q. If P = 7 when Q = 16, find Q when P = 5
	a)
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 EMBED Equation.3  [image: image119.wmf]Q
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APLET  SOLVE type  
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NUM    P = 7, ENTER  Q = 16 ENTER

Cursor on k press SOLVE

K = 2.29
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	APLET  SOLVE  the equation 
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NUM  P = 5  ENTER k = 2.29 (should be there from a) put cursor on Q  SOLVE

Q =  11.43
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NOTE With inverse or indirect proportion make sure you use the constant as 
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Graphing linear and non linear equations
Plotting the Graph of a Function

The easiest way to define a function and graph it is to use the Function Aplet in the HOME screen.

Press HOME  APLET   FUNCTION

[image: image126.png]feranes oe

et e
e e
SEaenc 5E +




[image: image127.png]



Example 1

Graph the functions with rules in an appropriate viewing window:

a 
y = 2x+3; Find gradient and y intercept
b
2x + 3y + 6 = 0; 

c
y = x2 , y = x2 – 2, y = x2 – 1, y = x2 + 1, y = x2 + 2.

Solution

	a) 
Enter 2 *
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Press PLOT to view the graph. 


The view is dependent on the window dimensions that have been used previously. To use the ‘standard’ viewing window –10  x  10 and –10  y  10:


Press SHIFT PLOT then change XRNG and YRNG as the right


And press plot again. The range and domain can be changes by pressing SHIFT PLOT

To find gradient press MENU  FCN  SLOPE

Slope is 2, y intercept is 3. How is this related to the original equation?
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	B
Firstly we must make y the subject of the equation
HOME   CAS  enter  2x + 3y + 6 
[image: image135.wmf]­­

+0 highlight with up arrows, press SOLV   ISOLATE ENTER and put y after the comma and press enter (make sure approx is off – SHIFT SYM) 

Press TOOLS  COPY (only the right hand side  of the equation) ENTER  PLOT and save into a function
       Press HOME FUNCTION and check the function copied and PLOT 
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	c.
Enter 
[image: image141.wmf]2

x

XT

q

into F1



	[image: image142.png]





	
Press PLOT to view the graph. 


The view is dependent on the window dimensions that have been used previously. To use the ‘standard’ viewing window –10  x  10 and –10  y  10:


Press SHIFT PLOT then change XRNG and YRNG as the right


And press plot again. The range and domain can be changes by pressing SHIFT PLOT
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	B
When one function is related to another, it can often be useful to express that relationship in the rule (see example below)


Press SYM type in F2    2X F1 (X)


Note the check tick is on F1 and F2 the HP40GS will sketch all the functions checked


Press PLOT 


Use the  
[image: image146.wmf]¯­

 to move between functions
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	C
The four rules can be entered together to show their relationship to the graph of y = x2.


Check all equations and press  PLOT

Press GREEN GRAPH to view the graph and trace as before.
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Example 2

When in CAS a function can also be graphed

Graph the function f with rule f(x) = 3x2 – 2x – 1.

Solution

CAS Tip: To clear graph plots Press SHIFT DEL  YES.

Choosing Suitable Windows (changing scale)
Many graphs will not show all key features or may not even appear in the ‘standard’ viewing window. Other zoom features or the adjusting the WINDOW settings can be used as needed. 
CAS Tip: The zoom settings ZoomDec and ZoomInt can be useful in some cases for ‘nice’ trace increments. However, it is useful to go to window settings and set xres=1 for best tracing in either case. If xres is set to n where 1  n  10, then the plot occurs at every nth pixel. Best resolution is if every pixel is used, ie. for xres=1 (the calculator default value is xres=2, ie. every second pixel). Of course, the plots are slower for lower values of xres.
Example

Graph the functions with rules 

a
y = x2 + 10x – 6

b
y = 0.1x3 – 0.2x
Solution

	a
HOME APLET FUNCTION  and type the function rule 


F1(x)      
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Press PLOT 


Observe that features like intercepts, minimum and shape are not all shown in this window.
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To get a better view of such features


Press SHIFT PLOT then change the domain and range  (XRNG, YRNG) as in diagram on right. 


Then press PLOT

The parabola now appears with all its key features.
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	b
Press SYM and type the function rule 


F2(x)    
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and press ENTER

Uncheck (take tick away) from F1 and check F2. The calculator will sketch all functions checked


Press SHIFT PLOT as the diagram on right to set a suitable domain and range.


PLOT
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If you press VIEWS   Auto Scale when in PLOT window the calculatoe will automatically pick a suitable range it is still best to pick your own domain
	[image: image160.png][Flot-Detail |/
AR
louer e e tor





[image: image161.png]





CAS Tip: If the domain can be identified, ie. the x–values, enter these in the PLOT window, then press VIEWS and select Auto Scale to plot a graph for the domain and fit it nicely to the screen..

Financial Maths
Finance Aplet
Parameters

There are a number of parameters or variables which must be either supplied or solved for. These are:


N
-
The total number of compounding payments or payments.


Mode
-
This has the value of Beg(inning) or End depending on when payments occur relative to the compounding periods - at the beginning or the end.


P/YR
-
The number of payments per year.


I%YR
-
The nominal interest rate or investment rate per year.  This is then divided by P/YR to find the nominal interest per compounding period. This is the rate actually used in the internal calculations.


PV
-
This is the present value of the initial flow of cash. In a loan, this is the amount of the loan. In an investment, the amount invested.  PV is always the amount at the start of the first period, however long that may be.


PMT
-
This is the size of the periodic payment. The assumptions made are that all payments are the same size and that no payments will be skipped. Payments can occur at the beginning or the end of a compounding period, depending on the setting of Mode.


FV
-
The future value of the investment or loan. This could be the amount in a bank account after a period of years, the residual on a lease, the amount still owing on a loan after N repayments, or the remaining value of an investment which has been paying income as an annuity.

Preliminary Course
1. Simple interest

Eg1. Calculate the simple interest on $2000 at 8% for 10 years.

APLET      SOLVE
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To enter formula 





[image: image163.png]



Press Alpha log (I) = X Alpha 9 (R)……..





Press NUM enter values
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Highlight I  Press  Solve (soft key)
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Answer is $1600

Using this formula in solve you can also find values of  P, R, N, or I
2. Compound Interest

Eg 2 If $5000 is invested for 7 years compounded at 8% per year calculate the amount at the end.

In the Solve aplet

Press SYM enter formula
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Press NUM enter values
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Highlight A press  Solve soft key
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Answer is $8569.12

Ordinary compound interest example
Invest $1000 into a bank account paying 6.5% per annum for 5 years. Interest is calculated monthly and credited to the account at the end of each month. What is the investment worth at the end of the period?
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Looked at from the point of view of the person investing the money, the cash flow is initially outwards (negative) by $1000. The final payment is inwards (positive) and no payments (withdrawals) are made during the period of the investment.  Five years of monthly payments means that N is 60. The view on the right shows the problem on the calculator. The [image: image169.emf] button has been pressed to give a future value FV of $1816.70.
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	Calculator Tip
As can be seen above, the designers of this aplet chose to display money to 2 decimal places and using comma separators. This choice is independent of the settings in the MODES view. When entering values do not use commas as they will simply result in a syntax error.


Annuities

1. Future Value
Example 1
If $1000 was invested each year in a superannuation fund that earns 8% p.a. compounded annually. How much will it be worth in 20 years?

Press APLET – FINANCE
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Enter values,
highlight FV , soft key SOLVE
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The answer is $45,761.96
Example 2.

.If a trip is planned in 10 years time and a savings account is set up at 4%pa compounded annually. What are the monthly installments if $30 000 is required to be saved for the trip?

 Press APLET – FINANCE 
Enter the values as in right diagram
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 highlight PMT , soft key SOLVE
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The answer is $203.74 per month

2. Present Value

An engineer retires with $650,000 available for investment. She invests the money in a portfolio which is expected to have an average return of  5% per annum. She wants to have the account pay a monthly income to her and asks the accountant to assume that the income must last for 20 years. What income can be withdrawn?
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The PV for this problem is negative because, from the point of view of the engineer, the money flow is outward from her to the investment portfolio. The value of the regular payment, which has been solved for on the right, is positive as it is being paid from the portfolio to her. We also assume that the future value FV is to be zero since the income is only to last for 20 years. The value of N is 240, representing 20 years of monthly payments. On this basis the monthly annuity can be $4289.71

Loan calculations

You wish to purchase a car by taking out  a loan. The current interest rate is 6.5% and you can afford to make monthly payments of $300. You want to take out the loan over a period of 6 years and to still owe $10,000 at the end of that period (you expect an investment to mature at that time to pay the final amount). How much can you borrow?
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In this case, from your point of view, the payments and the FV final residual are outgoing (negative) since they are made to the bank.  The present value (the loan) is positive.  N is set to 6 years of monthly payments.

Press [image: image175.emf] to find the PV and this is the amount that can be borrowed. It will be positive since it is going from the bank to you. In this case it is clear that you can afford to borrow $24,624.29.
Amortization

The second page of this aplet allows amortization calculations in order to determine the amounts applied towards the principal and interest in a payment or series of payments.
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Suppose we borrow $20,000 at an interest rate of 6.5% and make monthly payments of $300. The initial situation is as shown in the screen on the right. 
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Press the [image: image176.emf]

 button to change to the amortization screen. The initial appearance is as shown. As can be seen, the default number of payments to amortize over is 12.
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Pressing the [image: image177.emf]

 button will amortized the loan over the first year. As can be seen right, $2,369.77 has been paid off the principal, leaving a balance of $17,630.23. Of the payments made, $1,230.23 went towards the payment of interest.
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Pressing the [image: image178.emf]

 button will transfer the balance back to the previous page as the new value of the PV.
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At this stage you can amortize again for another 12 months as shown right.  This can be continued indefinitely.

Statistics  (one VAR)
Example 1

The annual rainfall (mm) in a particular country town has been recorded over the last 20 years

146.8, 383.0, 90.9, 178.1, 267.5, 95.5, 156.5, 180.0, 90.9, 139.7, 200.2, 171.7, 187.2, 184.9, 70.1, 58.0, 84.1, 55.6, 133.1, 271.8
a
Calculate the mean and standard deviation for the sample. 

b
Calculate the five figure summary (minimum, Q1, median, Q3, maximum) for the sample.

c
95% of annual rainfall figures are expected to lie within two standard deviations of the mean rainfall. Use this sample data to calculate the upper and lower limits within which we expect the annual rainfall figures to lie.

Solution

	a
Press HOME  APLET  STATISTICS then.... and press ENTER

ENTER

In the soft menus set  1 VAR and enter the data into C1

To set up the Stats Aplet so that C1 represents scores with frequency 1 press SYM  and check  H1: C1   1


Press NUM
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Press STATS  to summarise the data.


The sample mean, 
[image: image182.wmf]157.28
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, and the sample standard deviation 
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	b
Press DOWN to the bottom, and read off the relevant values.


Minimum = 55.6


Q1 = 90.9


Median = 151.65


Q3 = 186.05


Maximum = 383
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	c
Using 
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Press HOME to display the home screen.


Type* the following to calculate the values of 
[image: image188.wmf]2
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157.28(2*81.97 and press ENTER

157.28+2*81.97 and press ENTER

The results are


Lower limit = 
[image: image189.wmf]2

x

xs

-

= 157.28 ( 2(81.97) = (6.66


Upper limit = 
[image: image190.wmf]2

x

xs

+

= 157.28 + 2(81.97) = 321.22


The lower limit cannot be negative, so we change it to zero. 


Therefore, on the basis of this sample, we would expect that 95% of future annual rainfall figures in this town to lie between 0 and 321 mm. 
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Example 2

Forty families were surveyed and the number of children in each family was recorded in the following table

	Number of children 
	0
	1
	2
	3
	4
	5

	Frequency
	12
	9
	10
	6
	2
	1


a
Calculate the mean, median and mode of this sample.
b
Which figure in the summary statistics calculates the total number of children, and how many is this?

c
Based on this sample, estimate the total number of children would you expect in a further sample of 100 families.

d. Draw a box and whisker plot to represent the data and calculate the inter quartile range (IQR)

Solution

	a
Press HOME APLET STATISTICS SHIFT DEL to clear all previous information or type the scores and frequencies into the next two columns. BE CAREFUL TO SETUP THE APLET TO SHOW WHAT INFORMATION YOU ARE ENTERING INTO THE COLUMNS.


Press SYM check H1: C1  C2 showing the scores are in C1 and frequencies in C2.

Press NUM

Enter the 6 values for the number of children in C1

Enter the 6 values for the frequencies in C2
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Press STATS to summarise the data.


The sample mean, 
[image: image194.wmf]1.5

x
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, the median = 1, and the mode = 0


Note that the mode is not available in the summary statistics, but can be found by inspection of the table in this case.
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	b
The summary statistic 
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 represents the sum of all data values. Where frequency data is present, this statistic uses
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. Therefore the total number of children here is given as 
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	c
If 
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 for a sample of 40, press HOME we expect there to be 
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Alternatively, if the initial sample mean = 1.5 children per family, we would expect 100 ( 1.5 = 150 children in a sample of 100 families
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	d. Press NUM (toget back to stats) then PLOT
    To set up box and whisker press SHIFT PLOT then toggle to histogram and press CHOOSE and choose box and whisker. Also choose the size of the plot make the XRNG from -2 to 15 (you can experiment with this)

     PLOT
   IQR = Q3 – Q1 use left and right toggle keys to find these values

   IQR = 2 – 0 = 2
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Bi Variate Data (2 VAR )
When the statistics applet is entered in bivariate mode press the soft key 2VAR to compare thedata.
Example

A group of nine students measured both their arm span and height. The results are displayed in the table below

	Armspan (cm)
	169
	175
	160
	172
	171
	174
	161
	170
	164

	Height (cm)
	172
	180
	163
	174
	176
	170
	166
	168
	168



a
Calculate Summary Statistics for these two variables.

b
Comment on the statement ‘A person’s arm span is approximately equal to their height’. 


c
What is the correlation co efficient and what does it mean?


d. Draw a line of best fit for the data and state it’s equation..
Solution

	a
Press HOME APLET STATISTICS  SHIFT DEL to clear data press 2VAR and enter data into C1 and C2
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Press SYM to setup
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Press NUM and STATS to summary statistics are displayed in a dialog box..

The statistics show that for arm span, mean = 168.4 cm and standard deviation = 5.50 cm; for height, mean = 170.8 cm and standard deviation = 5.29 cm. So for this sample, height was marginally greater than arm span; and the variation in height was marginally less than for arm span.
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	b
The statistics from this sample do suggest that they arm span and height are approximately equal. However, more data would be needed to establish a more definitive conclusion, and to see whether the relationships are affected by other variables such as age, gender or handedness. 
	

	c
STATS toggle down to corr  = .82 which is a good positive correlation showing a strong relationship between the variables ie. Arm span and height of a person.
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	d. Press PLOT if nothing is on screen then adjust scale by pressing VIEWS  AUTOSCALE .
Press MENU  FIT
SYM toggle to Fit 1 and press SHOW
Equation is y =  0.8x  + 38
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Measurement
Degrees and Radians

1. [image: image232.png]


Degrees to Radians
In the HOME screen press MATH. With Real on the left, tab to DEG
[image: image212.wmf]®

RAD and press OK or ENTER

[image: image233.png]AT FUNCTIONS

DECSRADC45, 5)
34124800657




[image: image234.png]AT FUNCTIONS

(ECRADCES.
e




Example: Change 45.5
[image: image213.wmf]o

 to radians

Answer: 0.79 rad (2d.p.)


2. [image: image235.png]


Radians to Degrees

In the HOME screen press MATH. With Real on the left, tab to RAD
[image: image214.wmf]®

DEG and press OK or ENTER

Example: Change 1.67 radians to degrees
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Answer: 95.68
[image: image215.wmf]o

 (2d.p.)  
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Decimal degrees to degrees and minutes

In the HOME screen press MATH. With Real on the left, tab to 
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HMS and press OK or ENTER

[image: image239.png]I FUNCTION
RADSDEG(1 367>

55 gaos 7ese
o, 633551 7agts

53 a102b0eaze
K3




[image: image240.png]w5
(o ey
S¥3t=rie [Fheonr
Suneaiie fekhe

[Fests




Example: Change 1.67 radians to degrees and minutes  
Answer: 95
[image: image217.wmf]o
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Degrees and minutes to decimals
In the HOME screen press MATH. With Real on the left, tab to HMS
[image: image219.wmf]®

 and press OK or ENTER 
Example: Change 58
[image: image220.wmf]o

32’ to decimals (note: 58
[image: image221.wmf]o

32’ is entered as 58.32 in this case)
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Answer: 58.54
[image: image223.wmf]o

 (2d.p.)

Sine and cosine rules

The Aplet triangle solver solves all sine and cosine rule problems.

Press APLET  TRIANGLE SOLVER and enter the values for the sides and angles given. Place the cursor on the side or angle requires and press SOLVE and the answer is given.

NOTE the default setting id RAD so it must be changed to DEG (degrees). To do this press  SHIFT  HOME toggle to radians press CHOOSE and change to Degrees.
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