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Function Drawing in Polar Plan Using a Calculator 

Related Applications 

[OOl] This application is related to each of the following applications: "Graphical 

Calculator User Interface for Function Drawing" (HP Docket No.: 200310007-1); 

"Input and Evaluation of Fractions Using a Calculator" (HP Docket No.: 2003 10009- 

1); "Previous Calculation Reuse in a Calculator" (HP Docket No.: 200310016-1); and 

"Graphical Calculator" (HP Docket No.: 200310014-l), each assigned to the present 

assignee, all of which are hereby incorporated by reference in their entirety, and all of 

which are being filed concurrently herewith. 

Field of the Invention 

[002] The present invention relates to a method of and apparatus for expression 

display and animation of expression display in polar plan using a calculator. 

Background 

I0031 A hand-held calculator is an important and useful device. Similar to a 

computer, the hand-held calculator has a processor, a memory, a display, and an input 

device; however, there are important distinguishing differences between the hand-held 

calculator and the computer. 

[004] The hand-held calculator is a specialized device and not a general purpose 

device, as is true of a computer. Because of this specialization, typically the hand- 

held calculator costs less, has a longer useful lifespan, and is more reliable and more 

portable than the computer. 

(0051 Whereas a general purpose computer is capable of executing many different 

programs, a hand-held calculator typically executes a single program and, less 

frequently, supports execution of user-created programs. Normally, a hand-held 
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calculator supports addition, subtraction, multiplication, and division of numbers, 

either integer-based or decimal-based, entered by a user and displays the results on a 

built-in display. 

[006] A graphical calculator is a further specialized version of a hand-held calculator 

having a display which is typically larger than a regular hand-held calculator display 

in order to enable graph output. In many instances. graphical calculator displays are 

liquid crystal displays for more accurate representation and enhanced readabilic of a 

graph output. 

10071 A graphical calculator is able to display a graph of a specific expression, e.g. a 

sine wave representing a sinusoidal function, entered by a user. Disadvantageously, 

graphical capabilities on hand-held calculators are only available as part of expensive 

and complex, "high end" scientific calculators. These graphical calculators are more 

expensive than other calculators, typically costing hundreds of dollars. These 

graphical calculators are more complicated to operate than other calculators because 

of the large amount of functionality incorporated therein. 

(0081 The increased functionality has required a corresponding increase in the 

number of keys required for manipulating and using the calculator. For example, 

currently available graphical calculators have approximately fifty (50) keys including 

two (2) shift or modifier keys for a user to manipulate, e.g. a Texas Instruments (TI) 

83 plus calculator has 5 1 keys and two (2) shift keys which can be used concurrently, 

enabling up to four functions to be assigned per the 51 remaining keys, and a Hewlett- 

Packard (HP) 48G+/GX calculator has 49 keys and three (3) shift keys, enabling up to 

six hnctions to be assigned per the remaining 49 keys. 

[009] Additionally, and in conjunction with the larger number of keys present, a user 

must contend with different modes of operation of the current graphical calculator. 

Different modes of operation, accessible via specific keys andlor key sequences, must 

be utilized in order to access specific calculator functionality, e.g. a graphical 

calculator may include a fiaction mode, a decimal mode, a binary mode, a 

hexadecimal mode, a finance mode, a statistics mode, and a graph mode. 

[006] A graphical calculator is a further specialized version of a hand-held
calculator  having a display which is typically larger than a regular
hand-held calculator display  in order to enable graph output. In many
instances, graphical calculator displays are  liquid crystal displays for more
accurate representation and enhanced readability of a  graph output. [007)
A graphical calculator is able to display a graph of a specific expression,
e.g. a  sine wave representing a sinusoidal function, entered by a user.
Disadvantageously,  graphical capabilities on hand-held calculators are only
available as part of expensive  and complex, "high end" scientific
calculators. These graphical calculators are more  expensive than other
calculators, typically costing hundreds of dollars. These  graphical
calculators are more complicated to operate than other calculators because
of the large amount of functionality incorporated therein. (008] The
increased functionality has required a corresponding increase in the
number of keys required for manipulating and using the calculator. For
example,  currently available graphical calculators have approximately fifty
(50) keys including  two (2) shift or modifier keys for a user to manipulate,
e.g. a Texas Instruments (TI)  83 plus calculator has 51 keys and two (2)
shift keys which can be used concurrently,  enabling up to four functions to
be assigned per the 51 remaining keys, and a Hewlett- Packard (HP)
48G+/GX calculator has 49 keys and three (3) shift keys, enabling up to  six
functions to be assigned per the remaining 49 keys. [009] Additionally, and
in conjunction with the larger number of keys present, a user  must contend
with different modes of operation of the current graphical calculator.
Different modes of operation, accessible via specific keys and/or key
sequences, must  be utilized in order to access specific calculator
functionality, e.g. a graphical  calculator may include a fraction mode, a
decimal mode, a binary mode, a  hexadecimal mode, a finance mode, a
statistics mode, and a graph mode. 2 [010] Further, expression input
requires increasingly complicated key manipulations  and combinations. For
example, in order to graph an expression, there are typically  



[OlO] Further, expression input requires increasingly complicated key manipulations 

and combinations. For example, in order to graph an expression, there are typically 

three combinations to be entered: a mode specifying combination, an expression entry 

combination, and a completion combination. The mode specifying combination may 

include manipulation of a graph key to instruct the calculator to graph the following 

expression entry. The expression entry combination may include manipulation of 

multiple keys to input the expression to be graphed and the completion combination 

includes manipulation of a key, e.g. an enter key, to instruct the calculator to perform 

the preceding operations, i.e. graph the entered expression. 

10111 Requiring a user to manipulate multiple keys increases the need for learning. 

the possibility of error and may lead to frustration on the part of the user. Also, 

requiring additional key presses by a user requires more time and slows the entry and 

use of the calculator by the user. The addition of multiple modes, complicated 

expression input combinations, and ever-increasing numbers of keys results in a vev 

complicated device. 

(0121 As further evidence of increasing complexity, the user manual for a currently 

available hand-held graphical calculator has dramatically increased in size in order to 

fully explain the use of the calculator. For example, the above-cited TI-83 plus 

calculator manual includes 269 pages and the HP 48G+/GX calculator manual 

includes 506 pages. These are very long documents which are typically not read by 

users. Further, users are likely to be deterred from reading the manual because of the 

imposing size of the manual. 

I0131 Graphical calculators are very popular and effective educational aides. School 

students using graphical calculators can easily visualize complex fbnctions; however, 

the complexity and cost of currently available graphical calculators deters many 

students and schools from making a purchase. Purchasers are dissuaded by the size of 

the manual, multiple modes of operation, and the number of keys and key 

combinations required for inputting expressions. 

f0141 b p h i c a l  representations of a function is an effective teaching method. Prior 

approaches for teaching functions using polar coordinates and a polar plan 

representation include lectures and drawing functions using a hand drawn approach, 

three combinations to be entered: a mode specifying combination, an
expression entry  combination, and a completion combination. The mode
specifying combination may  include manipulation of a graph key to instruct
the calculator to graph the following  expression entry. The expression entry
combination may include manipulation of  multiple keys to input the
expression to be graphed and the completion combination  includes
manipulation of a key, e.g. an enter key, to instruct the calculator to perform
the preceding operations, i.e. graph the entered expression. [011[ Requiring
a user to manipulate multiple keys increases the need for learning,  the
possibility of error and may lead to frustration on the part of the user. Also,
requiring additional key presses by a user requires more time and slows the
entry and  use of the calculator by the user. The addition of multiple modes,
complicated  expression input combinations, and ever-increasing numbers
of keys results in a very  complicated device. 10121 As further evidence of
increasing complexity, the user manual for a currently  available hand-held
graphical calculator has dramatically increased in size in order to  fully
explain the use of the calculator. For example, the above-cited TI-83 plus
calculator manual includes 269 pages and the HP 48G+/GX calculator
manual  includes 506 pages. These are very long documents which are
typically not read by  users. Further, users are likely to be deterred from
reading the manual because of the  imposing size of the manual. [0131
Graphical calculators are very popular and effective educational aides.
School  students using graphical calculators can easily visualize complex
functions; however,  the complexity and cost of currently available graphical
calculators deters many  students and schools from making a purchase.
Purchasers are dissuaded by the size of  the manual, multiple modes of
operation, and the number of keys and key  combinations required for
inputting expressions. 1014] `Graphical representations of a function is an
effective teaching method. Prior  approaches for teaching functions using
polar coordinates and a polar plan  representation include lectures and
drawing functions using a hand drawn approach,  



i.e., pen and paper, chalk and blackboard, or marker and whiteboard. Further, prior 

approaches to display graphical representations of functions on calculators have 

included use of a polar coordinate system. Ho\vever, traditionally the graphical 

representation has been limited to display of the function, i.e., graphing of the 

function, by varying the angle of the function 9 and graphing the point defined by the 

radius and the angle 0 on a polar plan where the radius R is determined by the input 

function, e.g., R=sin(B). A graphical representation of the function R=sin(B) in polar 

coordinates is illustrated in Figure 5. There are no calculator-based implementations 

of drawing polar plan representations wherein the graphing of the function is based on 

varying the radius of which the inventor is currently aware. 

Summary 

(0151 It is therefore an object of the present invention to provide a method of and 

apparatus for expression display by varying the angle of a user-entered expression in . 

polar plan using a calculator. 

[016] The present invention provides a method of and apparatus for animated 

expression display in polar plan using a calculator. 

[017] A method aspect of graphing a user-entered expression on a calculator display 

includes a calculator receiving a user-entered expression including a radius variable to 

be graphed. The userentered expression causes the calculator to graph the user- 

entered expression on a polar coordinate system. 

[018] An apparatus aspect of a calculator for graphing a userentered expression on a 

calculator display includes means for receiving and displaying a user-entered 

expression including a radius variable. The calculator krther includes means for 

graphing the received user-entered expression in a polar coordinate system on a 

calculator display responsive to receiving only the user-entered expression. 

[019] Still other objects and advantages of the present invention will become readily 

apparent to those skilled in the art from the following detailed description, wherein 

the preferred embodiments of the invention are shown and described, simply by way 

of illustration of the best mode contemplated of carrying out the invention. As will be 
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3 i.e., pen and paper, chalk and blackboard, or marker and whiteboard.
Further, prior  approaches to display graphical representations of functions
on calculators have  included use of a polar coordinate system. However,
traditionally the graphical  representation has been limited to display of the
function, i.e., graphing of the  function, by varying the angle of the function
8 and graphing the point defined by the  radius and the angle 8 on a polar
plan where the radius R is determined by the input  function, e.g., R=sin(8).
A graphical representation of the function R=sin(O) in polar  coordinates is
illustrated in Figure 5. There are no calculator-based implementations  of
drawing polar plan representations wherein the graphing of the function is
based on  varying the radius of which the inventor is currently aware.
Summary  [0151 It is therefore an object of the present invention to provide
a method of and  apparatus for expression display by varying the angle of a
user-entered expression in  polar plan using a calculator. 10161 The
present invention provides a method of and apparatus for animated
expression display in polar plan using a calculator. [0171 A method aspect
of graphing a user-entered expression on a calculator display  includes a
calculator receiving a user-entered expression including a radius variable to
be graphed. The user-entered expression causes the calculator to graph
the user- entered expression on a polar coordinate system. 10181 An
apparatus aspect of a calculator for graphing a user-entered expression on
a  calculator display includes means for receiving and displaying a
user-entered  expression including a radius variable. The calculator further
includes means for  graphing the received user-entered expression in a
polar coordinate system on a  calculator display responsive to receiving
only the user-entered expression. 10191 Still other objects and advantages
of the present invention will become readily  apparent to those skilled in the
art from the following detailed description, wherein  the preferred
embodiments of the invention are shown and described, simply by way  



realized, the invention is capable of other and different embodiments, and its several 

details are capable of modifications in various obvious respects, all without departing 

from the invention. 

Description of the Drawings 

(0201 The present invention is illustrated by Ivay of example. and not by limitation. 

in the figures of the accompanying drawings, \\herein elements having the same 

reference numeral designations represent like elements throughout and wherein: 

Figure 1 is a fiont face view of a graphical calculator according to an 

embodiment of the present invention; 

Figure 2 is a high level block diagram of a graphical calculator according to an 

embodiment of the present invention; and 

Figure 3 illustrates a menu displayed on a display of the graphical calculator 

of Figure 1 according to an embodiment of the present invention; 

Figures 4a-4d illustrate input of a user-entered expression on a calculator and 

display of a graphical representation of the user-entered expression on the calculator 

of Figure 1 according to an embodiment of the present invention; 

Figure 5 illustrates a graph of a function by varying the angle value in polar 

coordinates; 

Figures 6a-6ww illustrate steps in a graphical animation 6f graphing the 

function cos(29) according to an embodiment of the present invention; and 

Figures 7a-70 illustrate steps in a graphical animation of graphing the function 

cos(2R) according to an embodiment of the present invention. 

Detailed Description 

(0211 Figure 1 is a front face view of a graphical calculator 100 according to an 

embodiment of the present invention. Advantageously, an embodiment according to 

the present invention enables use of a calculator for display of graphical 

representations of userentered expressions using a polar coordinate system based on 
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of illustration of the best mode contemplated of carrying out the invention.
As will be  4 realized, the invention is capable of other and different
embodiments, and its several  details are capable of modifications in
various obvious respects, all without departing  from the invention.
Description of the Drawings 10201 The present invention is illustrated by
way of example, and not by limitation.  in the figures of the accompanying
drawings, wherein elements having the same  reference numeral
designations represent like elements throughout and wherein: Figure I is a
front face view of a graphical calculator according to an  embodiment of the
present invention; Figure 2 is a high level block diagram of a graphical
calculator according to an  embodiment of the present invention; and Figure
3 illustrates a menu displayed on a display of the graphical calculator  of
Figure 1 according to an embodiment of the present invention; Figures
4a-4d illustrate input of a user-entered expression on a calculator and
display of a graphical representation of the user-entered expression on the
calculator  of Figure 1 according to an embodiment of the present invention;
Figure 5 illustrates a graph of a function by varying the angle value in polar
coordinates; Figures 6a-6ww illustrate steps in a graphical animation df
graphing the  function cos(29) according to an embodiment of the present
invention; and Figures 7a-7o illustrate steps in a graphical animation of
graphing the function  cos(2R) according to an embodiment of the present
invention. Detailed Description [021[ Figure 1 is a front face view of a
graphical calculator 100 according to an  embodiment of the present
invention. Advantageously, an embodiment according to  the present
invention enables use of a calculator for display of graphical
representations of user-entered expressions using a polar coordinate
system based on  



varying the radius term of the expression. Further advantageously, an embodiment 

according to the present invention enables use of a calculator for animated display of 

a user-entered expression using a calculator. 

[022] Calculator 100 includes a display 102 and a primarily key-based input area 

104 set in a fiont face 106. Although front face 106 is depicted as a rounded 

rectangle, it is to be understood that the front face may be manufactured to be any of a 

number of different shapes. Further, although a specific number, type and 

configuration of input mechanisms are described below, it is to be understood that 

variations in the number, type, and configuration of input mechanisms may be found 

in different embodiments of the present invention. 

(0231 Display 102 is a rectangular liquid crystal display (LCD) which is 96 pixels 

wide and 64 pixels in height. As shown in figure 1, display 102 displays a sine wave 

I02A on a graph having an X axis 102B and a Y axis 102C. Input area 104 includes 

four keys and one directional input device 108 in a row 1 10 and 16 keys arranged in a 

four by four grid 112. Although a four by four grid is depicted and described, it is to 

be understood that the input area keys may be arranged in different configurations. 

10241 Directional input device 108 is used to navigate menus and perform 

information input, recall, and editing. Directional input device 108 may be 

manipulated by the user to input at least four directions, i.e. up, down, left, and right 

to calculator 100. Input of the left arrow of directional input device 108 inputs a 

move left command to processor 204 thereby moving the current cursor position on 

display 102 to the left one position. Input of the right arrow of directional input 

device 108 inputs a move right command to processor 204 thereby moving the current 

cursor position on display 102 to the right one position. 

10251 A secondary fbnction of directional input device 108, accessible via use of 

shift key 114 as described below, is editing an expression on display 102. The input 

of shift key 114 in conjunction with or prior to left arrow of directional input device 

108 inputs a backspace command to processor 204 thereby deleting the character to 

the left of the current cursor position on display 102. The input of shift key 1 14 in 

conjunction with or prior to right arrow of directional input device 108 inputs a delete 

5 varying the radius term of the expression. Further advantageously, an
embodiment  according to the present invention enables use of a calculator
for animated display of  a user-entered expression using a calculator. [0221
Calculator 100 includes a display 102 and a primarily key-based input area
104 set in a front face 106. Although front face 106 is depicted as a
rounded  rectangle, it is to be understood that the front face maybe
manufactured to be any of a  number of different shapes. Further, although
a specific number, type and  configuration of input mechanisms are
described below, it is to be understood that  variations in the number, type,
and configuration of input mechanisms may be found  in different
embodiments of the present invention. (0231 Display 102 is a rectangular
liquid crystal display (LCD) which is 96 pixels  wide and 64 pixels in height.
As shown in figure 1, display 102 displays a sine wave  102A on a graph
having an X axis 102B and a Y axis 102C. Input area 104 includes  four
keys and one directional input device 108 in a row 110 and 16 keys
arranged in a  four by four grid 112. Although a four by four grid is depicted
and described, it is to  be understood that the input area keys may be
arranged in different configurations.  10241 Directional input device 108 is
used to navigate menus and perform  information input, recall, and editing.
Directional input device 108 may be  manipulated by the user to input at
least four directions, i.e. up, down, left, and right  to calculator 100. Input of
the left arrow of directional input device 108 inputs a  move left command to
processor 204 thereby moving the current cursor position on  display 102 to
the left one position. Input of the right arrow of directional input  device 108
inputs a move right command to processor 204 thereby moving the current
cursor position on display 102 to the right one position. 10251 A secondary
function of directional input device 108, accessible via use of  shift key 114
as described below, is editing an expression on display 102. The input  of
shift key 114 in conjunction with or prior to left arrow of directional input
device  108 inputs a backspace command to processor 204 thereby
deleting the character to  



command to processor 204 thereby deleting the character to the right of the current 

cursor position on display 102. 

10261 The four remaining keys in row 110 are shift key 114, open parenthesis key 

1 16, close parenthesis key 11 8, and power key 120. 

10271 Shift key 114 is used to access a second set of functions, i.e, secondary 

hnctions, assigned to the remaining keys on calculator 100. For example, user 

activating power key 120 turns on calculator 100; however, activation of power key 

120 subsequent to activation of shift key 114 turns off the calculator. In a similar 

fashion, each of the remaining keys of calculator 100 has an assigned secondary 

function. 

[028] Open parenthesis key 116 inputs a beginning parenthesis in a user-entered 

expression. The secondary function of open parenthesis key 116 is to input a 

command causing calculator 100 to split a graphical output on display 102 such that 

one half of the display is a graph and the other half is numerical information related to 

the graph displayed. 

(0291 Close parenthesis key 1 18 inputs an ending parenthesis in a user-entered 

expression. The secondary function of close parenthesis key 118 is to input a T 

variable in a user-entered expression. 

[030] Power key 120 turns on calculator 100 and, as described above, the secondary 

function of power key 120 is to turn off calculator 100. Additionally, power key 120 

operates as a clear key after calculator 100 is turned on, i.e. the power key may be 

used to clear the displayed expression on display 102. Manipulation of shift key 1 14 

followed by right arrow of directional input device 108 deletes input characters to the 

right of the current input position and manipulation of shin key 114 followed by left 

arrow of directional input device 108 deletes input characters to the left of the current 

input position. 

[031] Beginning in the upper left comer of four by four grid 112, the description of 

the remaining keys is now provided in a row, column order. 

the left of the current cursor position on display 102. The input of shift key
114 in  conjunction with or prior to right arrow of directional input device 108
inputs a delete  6 command to processor 204 thereby deleting the character
to the right of the current  cursor position on display 102. 10261 The four
remaining keys in row 110 are shift key 114, open parenthesis key  116,
close parenthesis key 118, and power key 120. 10271 Shift key 114 is used
to access a second set of functions, i.e. secondary  functions, assigned to
the remaining keys on calculator 100. For example, user  activating power
key 120 turns on calculator 100; however, activation of power key  120
subsequent to activation of shift key 114 turns off the calculator. In a similar
fashion, each of the remaining keys of calculator 100 has an assigned
secondary  function. 10281 Open parenthesis key 116 inputs a beginning
parenthesis in a user-entered  expression. The secondary function of open
parenthesis key 116 is to input a  command causing calculator 100 to split a
graphical output on display 102 such that  one half of the display is a graph
and the other half is numerical information related to  the graph displayed.
10291 Close parenthesis key 118 inputs an ending parenthesis in a
user-entered  expression. The secondary function of close parenthesis key
118 is to input a T  variable in a user-entered expression. 10301 Power key
120 turns on calculator 100 and, as described above, the secondary
function of power key 120 is to turn off calculator 100. Additionally, power
key 120  operates as a clear key after calculator 100 is turned on, i.e. the
power key may be  used to clear the displayed expression on display 102.
Manipulation of shift key 114  followed by right arrow of directional input
device 108 deletes input characters to the  right of the current input position
and manipulation of shift key 114 followed by left  arrow of directional input
device 108 deletes input characters to the left of the current  input position. 



(0321 Row 1, column 1 key 122, i.e. the seven key, inputs a seven (7) value in a 

user-entered expression and has a secondary function of inputting a sin function in a 

user-entered expression. Row 1, column 2 key 124, i.e. the eight key, inputs an eight 

(8) value in a user-entered expression and has a secondary function of inputting a cos 

function in a user-entered expression. Ron. 1, column 3 key 126, i.e. the nine ke!.. 

inputs a nine (9) value in a user-entered expression and has a secondary function of 

inputting a tan function in a user-entered expression. Row 1, column 4 key 128, i.e. 

the division key, inputs a division (/) function in a user-entered expression and has a 

secondary function of inputting a theta (0) variable in a user-entered expression. 

Further, as described in detail below, the division key 128 is used to input a fractional 

value to calculator 100. Division key 128 is input behveen input of the digits of the 

numerator and denominator of a fraction. 

[033] Row 2, column 1 key 130, i.e. the four key, inputs a four (4) value in a user- 

entered expression and has a secondary function of inputting a square root function in 

a user-entered expression. Row 2, column 2 key 132, i.e. the five key, inputs a five- 

(5) value in a user entered expression and has a secondary hnction of inputting a 

squared function, i.e. raising a value to the second power, in a user-entered 

expression. Row 2, column 3 key 134, i.e. the six key, inputs a six (6) value in a user- 

entered expression and has a secondary function of inputting a value raised to the 

power of a subsequently entered value function, i.e. X raised to the power of Y, in a 

user-entered expression. Row 2, column 4 key 136, i.e. the multiplication key, inputs 

a multiplication (*) function in a user-entered expression and has a secondary function 

of inputting an X variable in a user-entered expression. 

I0341 Row 3, column 1 key 138, i.e. the one key, inputs a one (1) value in a user- 

entered expression and has a secondary function of inputting an absolute value 

function in a user-entered expression. Row 3, column 2 key 140, i.e. the 2 key, inputs 

a two (2) value in a user-entered expression and has a secondary function of inputting 

a natural logarithm function in a user-entered expression. Row 3, column 3 key 142, 

i.e. the three key, inputs a three (3) value in a user-entered expression and has a 

secondary function of in putting eight logarithm hnction in a user-entered expression. 

Row 3, column 4 key 144, i.e. the minus key, inputs a subtraction (-) function in a 

10311 Beginning in the upper left comer of four by four grid 112, the
description of  the remaining keys is now provided in a row, column order. 7
10321 Row 1, column 1 key 122, i.e. the seven key, inputs a seven (7)
value in a  user-entered expression and has a secondary function of
inputting a sin function in a  user-entered expression. Row 1, column 2 key
124, i.e. the eight key, inputs an eight  (8) value in a user-entered
expression and has a secondary function of inputting a cos  function in a
user-entered expression. Row 1, column 3 key 126, i.e. the nine key,
inputs a nine (9) value in a user-entered expression and has a secondary
function of  inputting a tan function in a user-entered expression. Row 1,
column 4 key 128, i.e.  the division key, inputs a division (1) function in a
user-entered expression and has a  secondary function of inputting a theta
(0) variable in a user-entered expression.  Further, as described in detail
below, the division key 128 is used to input a fractional  value to calculator
100. Division key 128 is input between input of the digits of the  numerator
and denominator of a fraction. [033] Row 2, column I key 130, i.e. the four
key, inputs a four (4) value in a user- entered expression and has a
secondary function of inputting a square root function in  a user-entered
expression. Row 2, column 2 key 132, i.e. the five key, inputs a five- (5)
value in a user entered expression and has a secondary function of
inputting a  squared function, i.e. raising a value to the second power, in a
user-entered  expression. Row 2, column 3 key 134, i.e. the six key, inputs
a six (6) value in a user- entered expression and has a secondary function
of inputting a value raised to the  power of a subsequently entered value
function, i.e. X raised to the power of Y, in a  user-entered expression. Row
2, column 4 key 136, i.e. the multiplication key, inputs  a multiplication ()
function in a user-entered expression and has a secondary function  of
inputting an X variable in a user-entered expression. [0341 Row 3, column
1 key 138, i.e. the one key, inputs a one (1) value in a user- entered
expression and has a secondary function of inputting an absolute value
function in a user-entered expression. Row 3, column 2 key 140, i.e. the 2
key, inputs  



user-entered expression and has a secondary function of inputting a NOT function in a 

user-entered expression. 

(0351 Row 4, column 1 key 146, i.e. the execute key, inputs an execute comnland to 

calculator 100 and has a secondary function of inputting a menu command to the 

calculator. Row 4, column 2 key 148, i.e. the zero key, inputs a zero (0) value in a 

user-entered expression and has a secondary function of inputting an e value in a user- 

entered expression. Row 4, column 3 key 150, i.e. the dot key, inputs a decimal point 

in a value entry and has a secondary function of in putting a pi constant \.slue in a 

user-entered expression. Row 4, column 4 key 152, of i.e. the plus key. inputs an 

addition (+) function in a user-entered expression and has a secondary function of in 

putting a times ten to the power of a subsequently entered value, i.e. "*lOAY". in a 

user-entered expression. 

10361 With respect to the secondary function of the execute key 146 described 

above, after receipt of a menu command input by a user, processor 204 (described 

below in conjunction with Figure 2) drives display 102 to display a menu 300 (Figure 

3). The user manipulates directional input device 108 up arrow andlor down arrow to 

cause the highlighted menu item to move upldo~vn one item. After the user-desired 

menu item is highlighted, the user manipulates execute key 146 (primary hnction) to 

input the highlighted menu item. If the user manipulates the power key 120, no input 

to processor 204 is generated and the menu 300 is no longer displayed on display 102. 

(0371 Figure 2 is a block diagram illustrating an exemplary calculator 100 upon 

which an embodiment of the invention may be implemented. 

[038] Calculator 100 includes a bus 202 or other communication mechanism for 

communicating information, and a processor 204 coupled with the bus 202 for 

processing information. In one particular embodiment, processor 204 is a 16 bit 

processor. Calculator 100 also includes a main memory 206, such as a random access 

memory (RAM) or other dynamic storage device, coupled to the bus 202 for storing 

data and expressions according to an embodiment of the present invention and 

instructions to be executed by processor 204. Main memory 206 also may be used for 

storing temporary variables or other intermediate information during execution of 

instructions to be executed by processor 204. In one particular embodiment, main 

a two (2) value in a user-entered expression and has a secondary function
of inputting  a natural logarithm function in a user-entered expression. Row
3, column 3 key 142,  i.e. the three key, inputs a three (3) value in a
user-entered expression and has a  secondary function of in putting eight
logarithm function in a user-entered expression.  Row 3, column 4 key 144,
i.e. the minus key, inputs a subtraction (-) function in a  8 user-entered
expression and has a secondary function of inputting a NOT function in a
user-entered expression. (0351 Row 4, column I key 146, i.e. the execute
key, inputs an execute command to  calculator 100 and has a secondary
function of inputting a menu command to the  calculator. Row 4, column 2
key 148, i.e. the zero key, inputs a zero (0) value in a  user-entered
expression and has a secondary function of inputting an e value in a user-
entered expression. Row 4, column 3 key 150, i.e. the dot key, inputs a
decimal point  in a value entry and has a secondary function of in putting a
pi constant value in a  user-entered expression. Row 4, column 4 key 152,
of i.e. the plus key, inputs an  addition (+) function in a user-entered
expression and has a secondary function of in  putting a times ten to the
power of a subsequently entered value, i.e. "IVY", in a  user-entered
expression. [036) With respect to the secondary function of the execute key
146 described  above, after receipt of a menu command input by a user,
processor 204 (described  below in conjunction with Figure 2) drives display
102 to display a menu 300 (Figure  3). The user manipulates directional
input device 108 up arrow and/or down arrow to  cause the highlighted
menu item to move up/down one item. After the user-desired  menu item is
highlighted, the user manipulates execute key 146 (primary function) to
input the highlighted menu item. If the user manipulates the power key 120,
no input  to processor 204 is generated and the menu 300 is no longer
displayed on display 102.  (0371 Figure 2 is a block diagram illustrating an
exemplary calculator 100 upon  which an embodiment of the invention may
be implemented. [0381 Calculator 100 includes a bus 202 or other
communication mechanism for  



memory 206 is an 8 Kilobyte RAM. Further. it is to be understood that in alternate 

embodiments, the components of calculator 100 may be combined onto a single 

integrated circuit, e.g. processor 204 and main menlory 206 may be combined on a 

single "system on a chip." 

10391 Calculator 100 further includes a read only memory (ROM) 208 or other static 

storage device coupled to the bus 202 for storing static information and instructions 

for the processor 204. In one particular embodiment, ROM 208 is a 128 Kilobyte 

ROM. 

1040) Calculator 100 may be coupled via the bus 202 to a display 102, such as the 

above-described 96 * 64 pixel LCD, for displaying an interface to a user. An input 

area 104, as described above with reference to Figure 1, is coupled to the bus 202 for 

communicating information, e.g. user-entered expressions and values, and command 

inputs to the processor 204. An input device 108, as described above with respect to 

Figure 1, is part of input area 104 and communicates direction information and 

command selections to processor 204 and controls cursor movement on the display 

102. This input device typically has two degrees of freedom in two axes, a first axis 

(e.g., x) and a second axis (e.g., y) allowing the device to specify positions in a plane. 

[041] The invention is related to the use of calculator 100, such as the depicted 

calculator of Figure 2, to input and apply operations, e.g. expressions, to data and 

graph the results of operations by driving display 102. According to one embodiment 

of the invention, data is stored and accessed from main memory 206 by calculator 200 

in response to processor 204 executing sequences of instructions contained in main 

memory 206 in response to input received via input area 104. A user interacts with 

the calculator 100 via a user interface displayed (as described below) on display 102. 

[042] Execution of the sequences of instructions contained in the main memory 206 

causes the processor 204 to perform the process steps described below. In alternative 

embodiments, hard-wired circuitry may be used in place of or in combination with 

computer software instructions to implement the invention. Thus, embodiments of 

the invention are not limited to any specific combination of hardware circuitry and 

software. 

communicating information, and a processor 204 coupled with the bus 202
for  processing information. In one particular embodiment, processor 204 is
a 16 bit  processor. Calculator 100 also includes a main memory 206, such
as a random access  memory (RAM) or other dynamic storage device,
coupled to the bus 202 for storing  data and expressions according to an
embodiment of the present invention and  instructions to be executed by
processor 204. Main memory 206 also may be used for  storing temporary
variables or other intermediate information during execution of  instructions
to be executed by processor 204. In one particular embodiment, main  9
memory 206 is an 8 Kilobyte RAM. Further, it is to be understood that in
alternate  embodiments, the components of calculator 100 may be
combined onto a single  integrated circuit, e.g. processor 204 and main
memory 206 may be combined on a  single "system on a chip" [0391
Calculator 100 further includes a read only memory (ROM) 208 or other
static  storage device coupled to the bus 202 for storing static information
and instructions  for the processor 204. In one particular embodiment, ROM
208 is a 128 Kilobyte  ROM. 10401 Calculator 100 may be coupled via the
bus 202 to a display 102, such as the  above-described 96 * 64 pixel LCD,
for displaying an interface to a user. An input  area 104, as described above
with reference to Figure 1, is coupled to the bus 202 for  communicating
information, e.g. user-entered expressions and values, and command
inputs to the processor 204. An input device 108, as described above with
respect to  Figure 1, is part of input area 104 and communicates direction
information and  command selections to processor 204 and controls cursor
movement on the display  102. This input device typically has two degrees
of freedom in two axes, a first axis  (e.g., x) and a second axis (e.g., y)
allowing the device to specify positions in a plane.  10411 The invention is
related to the use of calculator 100, such as the depicted  calculator of
Figure 2, to input and apply operations, e.g. expressions, to data and
graph the results of operations by driving display 102. According to one
embodiment  



1043) Figure 3 illustrates a menu 300 displayed on display 102 according to an 

embodiment of the present invention. As described above, menu 300 is displayed in 

response to the user manipulating the secondary hnction, i.e. menu, of execute key 

146. Menu 300 includes additional expressions able to be selected and input b!. a user 

(in the manner described above) to processor 204. 

1044) In addition to enabling the display of a graphical representation of user- 

entered expressions in a polar coordinate system, according to an embodiment of the 

present invention, user-entered expressions are able to be displayed varying based on 

a radius variable. Typically, hnctions drawn on a polar coordinate system as 

described above, were drawn using 9 as the angle varying from 0 to 2 pi and R as 

dependent upon 9 based on the user-entered expression and representing the distance 

of a given point to the origin of the polar coordinate system, i.e. R=f(8). 

10451 In an embodiment according to the present invention, polar functions are 

graphically displayed in polar coordinates on display 102 using the form 8=f(R). i.e.. 

varying the radius of the function. In order to display the function Rzf(0). the 

graphical representation is displayed by graphing the values (8, R=f(0)) on the polar 

coordinate system. 

[046] In a fkrther embodiment, an animated display of the graphing process of 

graphing the function in polar plan view is achieved by repeatedly drawing a line 

from the origin (0, 0) to the destination point (8,0=f(R)) as the value of R is 

incremented from a given starting value, e.g., zero (0). The resulting animation 

displays, i.e., graphs, the input expression with a sweeping style on display 102. 

10471 In a still firrther embodiment, an animated display of the graphing process of 

graphing the function in polar plan view is achieved by repeatedly drawing a circle 

having an origin at a given starting point, e.g., (0, O), and a radius equal to the value R 

and a point on the perimeter of the circle at an angle 0. The user-entered expression 

determines the radius R and the angle 0. The angle 0 varies from a given starting 

value, e.g., zero (0), as the circles are drawn. 

[048] According to an embodiment of the present invention, a user is able to input 

and display expressions in a polar coordinate system and a polar plan view using a 

11 

of the invention, data is stored and accessed from main memory 206 by
calculator 200  in response to processor 204 executing sequences of
instructions contained in main  memory 206 in response to input received
via input area 104. A user interacts with  the calculator 100 via a user
interface displayed (as described below) on display 102.  [0421 Execution
of the sequences of instructions contained in the main memory 206  causes
the processor 204 to perform the process steps described below. In
alternative  embodiments, hard-wired circuitry may be used in place of or in
combination with  computer software instructions to implement the
invention. Thus, embodiments of  the invention are not limited to any
specific combination of hardware circuitry and  software. 10 10431 Figure 3
illustrates a menu 300 displayed on display 102 according to an
embodiment of the present invention. As described above, menu 300 is
displayed in  response to the user manipulating the secondary function, i.e.
menu, of execute key  146. Menu 300 includes additional expressions able
to be selected and input by a user  (in the manner described above) to
processor 204. 10441 In addition to enabling the display of a graphical
representation of user- entered expressions in a polar coordinate system,
according to an embodiment of the  present invention, user-entered
expressions are able to be displayed varying based on  a radius variable.
Typically, functions drawn on a polar coordinate system as  described
above, were drawn using B as the angle varying from 0 to 2 pi and R as
dependent upon B based on the user-entered expression and representing
the distance  of a given point to the origin of the polar coordinate system,
i.e. R=f(0). 10451 In an embodiment according to the present invention,
polar functions are  graphically displayed in polar coordinates on display
102 using the form 8=f(R), i.e..  varying the radius of the function. In order
to display the function R=f(0). the  graphical representation is displayed by
graphing the values (0, R=f(0)) on the polar  coordinate system. 10461 In a
further embodiment, an animated display of the graphing process of  



calculator. With reference to Figure 4a, display 102 displays a user input of a 

mathematical expression 402, i.e. "cos(0)", by sequential manipulation of the shift 

key 1 14, the eight key 124, the shift key 1 14, and the division key 1 28. The upright 

bar symbol, "(", at the end of mathematical expression 402 indicates the cursor 

position to the user during editindinput of the user-entered expression, i.e. 

mathematical expression 402. 

I0491 After the user manipulates the execute key 146, processor 204 evaluates the 

input mathematical expression 402 and drives display 102 to display the result 404. 

i.e, a graphical representation of a cosine function 406 varying based on the radius R 

in a two dimensional polar coordinate system (i.e., a four petal flower graph) to the 

user as depicted in Figure 4b. Advantageously, as described in applicant's co-pending 

application titled "Graphical Calculator User Interface for Function Drawing", the 

user need only input an expression to be graphed to processor 204 of calculator 100 

and the processor drives display 102 to graph the mathematical expression. The user 

is not required to enter a graphing mode or manipulate a graphing key. 

[050] Further advantageously, the user is able to graph expressions using a polar 

coordinate system without requiring special modes or the manipulation of a graphing 

key. 

10511 As described in greater detail in the aforementioned application, the user is 

able to display either cosine wave 406 or cosine wave 406 and a listing of select 

points on cosine wave 406. Further, the user is able to zoom in and out, increasing or 

decreasing the scale of the displayed graph, shift the coordinate system to the right, 

left, upward, or downward as described, and manipulate directional input device 108 

to move a cursor position along the displayed graphical representation of the user- 

entered mathematical expression. 

10521 In a further embodiment, the user is able to manipulate calculator 100 to 

display a graphical representation of a user-entered expression varying based on the 

radius R and a user-entered expression varying based on the angle 8 in a polar plan 

view of a polar coordinate system. With reference to Figure 4c, display 102 displays 

a user input of a mathematical expression 408 including two cosine expressions, i.e. 

"cos(2B) & cos(2R)." The first part of the expression, i.e., cos(28), varies based on 

graphing the function in polar plan view is achieved by repeatedly drawing a
line  from the origin (0, 0) to the destination point (0,0=f(R)) as the value of
R is  incremented from a given starting value, e.g., zero (0). The resulting
animation  displays, i.e., graphs, the input expression with a sweeping style
on display 102. (0471 In a still further embodiment, an animated display of
the graphing process of  graphing the function in polar plan view is
achieved by repeatedly drawing a circle  having an origin at a given starting
point, e.g., (0, 0), and a radius equal to the value R  and a point on the
perimeter of the circle at an angle 8. The user-entered expression
determines the radius R and the angle B. The angle 0 varies from a given
starting  value, e.g., zero (0), as the circles are drawn. (0481 According to
an embodiment of the present invention, a user is able to input  and display
expressions in a polar coordinate system and a polar plan view using a  11
calculator. With reference to Figure 4a, display 102 displays a user input of
a  mathematical expression 402, i.e. "cos(0)", by sequential manipulation of
the shift  key 114, the eight key 124, the shift key 114, and the division key
128. The upright  bar symbol, "I", at the end of mathematical expression
402 indicates the cursor  position to the user during editing/input of the
user-entered expression, i.e.  mathematical expression 402. [0491 After the
user manipulates the execute key 146, processor 204 evaluates the  input
mathematical expression 402 and drives display 102 to display the result
404,  i.e. a graphical representation of a cosine function 406 varying based
on the radius R  in a two dimensional polar coordinate system (i.e., a four
petal flower graph) to the  user as depicted in Figure 4b. Advantageously,
as described in applicant's co-pending  application titled "Graphical
Calculator User Interface for Function Drawing", the  user need only input
an expression to be graphed to processor 204 of calculator 100  and the
processor drives display 102 to graph the mathematical expression. The
user  is not required to enter a graphing mode or manipulate a graphing
key. (050J Further advantageously, the user is able to graph expressions
using a polar  



the value of the angle 8, while the second part of the expression, i.e., cos(2R). \.aries 

based on the value of the radius R. By sequential manipulation of the shift key 1 14. 

the eight key 124, the two key 140, the multiplication key 136. the shift key 114. and 

the division key 128, the user inputs the first part of the expression. The second part 

of the expression 408 is entered by sequential manipulation of the shift key 114, the 

eight key 124, the two key 140, the multiplication key 136, shift key 114, the execute 

key 146, highlighting the R expression in the displayed menu 300 and manipulation of 

the execute key 146. The upright bar symbol, "I", at the end of mathematical 

expression 408 indicates the cursor position to the user during editinglinput of the 

user-entered expression, i.e. mathematical expression 408. 

10531 After the user manipulates the execute key 146, processor 204 evaluates the 

input mathematical expression 408 and drives display 102 to display the result 410, 

i.e., a graphical representation of a cosine wave 412varying based on the angle 8 in a 

polar coordinate system (i.e., the four petal flower graph) and a graphical 

representation of a cosine wave 414 varying based on the radius R in a polar 

coordinate system (i.e., the sinusoid to the right of the cosine wave 412) to the user as 

depicted in Figure 4d. 

10541 Because both user-entered expressions use the same coordinate system, 

both expressions may be displayed on display 102 at the same time as illustrated in 

Figure 4d. Advantageously, the user is able to graph expressions varying based on 

either the angle 8 or the radius R without requiring special modes or the manipulation 

of a graphing key. In an alternate embodiment, the user may manipulate input area 

104 and input an expression varying solely based on the radius R, e.g., "cos(2R)". to 

obtain a graphical representation of the user-entered expression. 

[055] Figures 6a-6ww sequentially illustrate a sequence of steps in the animation 

process of graphing the function cos(28) while varying the angle 0. As depicted in 

the sequence, a line 602 (Figure 6e for example) is drawn from the origin 604 at an 

angle 8 (indicated by reference numeral 606) and through a point 608. Point 608 is 

determined by the graphed function, i.e., cos(28), wherein the radius is equal to the 

value of the cosine of angle 8 606. Subsequent drawn lines on the polar plan "sweep" 

out the graph of the hnction in polar coordinates as the angle 8 varies. 

coordinate system without requiring special modes or the manipulation of a
graphing  key. [0511 As described in greater detail in the aforementioned
application, the user is  able to display either cosine wave 406 or cosine
wave 406 and a listing of select  points on cosine wave 406. Further, the
user is able to zoom in and out, increasing or  decreasing the scale of the
displayed graph, shift the coordinate system to the right,  left, upward, or
downward as described, and manipulate directional input device 108  to
move a cursor position along the displayed graphical representation of the
user- entered mathematical expression. 10521 In a further embodiment, the
user is able to manipulate calculator 100 to  display a graphical
representation of a user-entered expression varying based on the  radius R
and a user-entered expression varying based on the angle 0 in a polar plan
view of a polar coordinate system. With reference to Figure 4c, display 102
displays  a user input of a mathematical expression 408 including two
cosine expressions, i.e.  "cos(26) & cos(2R)." The first part of the
expression, i.e., cos(20), varies based on  12 the value of the angle 8, while
the second part of the expression, i.e., cos(2R). varies  based on the value
of the radius R. By sequential manipulation of the shift key 114.  the eight
key 124, the two key 140, the multiplication key 136, the shift key 114. and
the division key 128, the user inputs the first part of the expression. The
second part  of the expression 408 is entered by sequential manipulation of
the shift key 114, the  eight key 124, the two key 140, the multiplication key
136, shift key 114, the execute  key 146, highlighting the R expression in
the displayed menu 300 and manipulation of  the execute key 146. The
upright bar symbol, "I", at the end of mathematical  expression 408
indicates the cursor position to the user during editing/input of the
user-entered expression, i.e. mathematical expression 408, 10531 After the
user manipulates the execute key 146, processor 204 evaluates the  input
mathematical expression 408 and drives display 102 to display the result
410,  i.e., a graphical representation of a cosine wave 4l2varying based on
the angle 0 in a  



10561 Figures 7a-70 sequentially illustrate a sequence of steps in the animation 

process of graphing the function cos(2R) while varying the radius R. As depicted in 

the sequence, a circle 702 (Figure 7e for example) is drawn at a radius from the origin 

(indicated by reference numeral 706) and through a point 708. Point 708 is 

determined by the graphed function, i.e., cos(ZR), wherein the angle is equal to the 

value of the cosine of radius R 708. Subsequent drawn lines on the polar plan 

"sweep" out the graph of the function in polar coordinates as the angle 0 varies. 

10571 With respect to the animation of the display of the graphical representation 

of a user-entered expression described above, the user may further manipulate 

specified keys in order to input commands causing the calculator 100 to stop, resume, 

speed up or slow down the animation. Further, additional key manipulations by the 

user may cause the increase or decrease of scale andlot movement of the position of 

the origin point of the coordinate system on display 102. 

I0581 A high level pseudo-code listing of an embodiment according to the present 

invention in which the angle 0 is varied is listed in Listing 1 below. 

Listing 1 

System detects user input of a polar equation based on the Theta (8) 

parameter. 

For theta = 1 to 360 for all values of 0 

P2= (hnction(8),f3); calculate next point 

Restore graphic(G) restore old graphic 

Line(P, P2); draw the next step of the function 

G= save graphic save the graphic 

Dtaw line ((0, 0), (function (O), 0)) display the sweep line 

P== P2; save current point as start point for next loop. 

polar coordinate system (i.e., the four petal flower graph) and a graphical
representation of a cosine wave 414 varying based on the radius R in a
polar  coordinate system (i.e., the sinusoid to the right of the cosine wave
412) to the user as  depicted in Figure 4d. [054] Because both user-entered
expressions use the same coordinate system,  both expressions may be
displayed on display 102 at the same time as illustrated in  Figure 4d.
Advantageously, the user is able to graph expressions varying based on
either the angle 0 or the radius R without requiring special modes or the
manipulation  of a graphing key. In an alternate embodiment, the user may
manipulate input area  104 and input an expression varying solely based on
the radius R, e.g., "cos(2R)". to  obtain a graphical representation of the
user-entered expression. [0551 Figures 6a-6ww sequentially illustrate a
sequence of steps in the animation  process of graphing the function
cos(20) while varying the angle 8. As depicted in  the sequence, a line 602
(Figure 6e for example) is drawn from the origin 604 at an  angle 8
(indicated by reference numeral 606) and through a point 608. Point 608 is
determined by the graphed function, i.e., cos(28), wherein the radius is
equal to the  value of the cosine of angle 8 606. Subsequent drawn lines on
the polar plan "sweep"  out the graph of the function in polar coordinates as
the angle 0 varies. 13 [056) Figures 7a-7o sequentially illustrate a sequence
of steps in the animation  process of graphing the function cos(2R) while
varying the radius R. As depicted in  the sequence, a circle 702 (Figure 7e
for example) is drawn at a radius from the origin  (indicated by reference
numeral 706) and through a point 708. Point 708 is  determined by the
graphed function, i.e., cos(2R), wherein the angle is equal to the  value of
the cosine of radius R 708. Subsequent drawn lines on the polar plan
"sweep" out the graph of the function in polar coordinates as the angle 0
varies. [057) With respect to the animation of the display of the graphical
representation  of a user-entered expression described above, the user
may further manipulate  specified keys in order to input commands causing
the calculator 1 00 to stop, resume,  



In Listing 1 ,  P= (function(8),8), where function evaluates the user-entered expression 

for the value 8 and returns the value of the R coordinate of the point. (R, 8) represents 

a polar point of coordinates R, 8. G= save the current display graphic in order to 

allow display of the sweeping line. 

[059] A high level pseudo-code listing of an embodiment according to the present 

invention in which the radius R is varied is listed in Listing 2 below. 

Listing 2 

System detects user input of a polar equation based on the radius ( R )  

parameter. 

P2= (R, fbnction(R)); 

Restore graphic(G) 

Draw line from P to P2; 

G= save graphic 

Draw circle ((0, 0), R) display the sweep circle 

In Listing 2, P= (R, fiinction(R)), where fiinction evaluates the user-entered 

expression for the value R and returns the value of the 8 coordinate of the point. (R, 8) 

represents a polar point of coordinates R, 8. G= save the current display graphic in 

order to allow display of the sweeping line. 

I0601 It will be readily seen by one of ordinary skill in the art that the present 

invention fulfills all of the objects set forth above. After reading the foregoing 

specification, one of ordinary skill will be able to affect various changes, substitutions 

of equivalents and various other aspects of the invention as broadly disclosed herein. 

It is therefore intended that the protection granted hereon be limited only by the 

definition contained in the appended claims and equivalents thereof. 

speed up or slow down the animation. Further, additional key manipulations
by the  user may cause the increase or decrease of scale and/or movement
of the position of  the origin point of the coordinate system on display 102.
(058) A high level pseudo-code listing of an embodiment according to the
present  invention in which the angle 8 is varied is listed in Listing 1 below.
Listing 1 System detects user input of a polar equation based on the Theta
(0)  parameter. For theta = Ito 360 for all values of 8 P2= (funetion(8),8);
calculate next point  Restore graphic(G) restore old graphic Line(P, P2);
draw the next step of the function  G= save graphic save the graphic Draw
line ((0, 0), (function (8), 0)) display the sweep line P= P2; save current
point as start point for next loop.  14 In Listing 1, P= (function(0),0), where
function evaluates the user-entered expression  for the value 0 and returns
the value of the R coordinate of the point. (R, 0) represents  a polar point of
coordinates R, 0. G= save the current display graphic in order to  allow
display of the sweeping line. [0591 A high level pseudo-code listing of an
embodiment according to the present  invention in which the radius R is
varied is listed in Listing 2 below. Listing 2 System detects user input of a
polar equation based on the radius (R)  parameter. ForR=1 to 10 P2= (R,
function(R));  Restore graphic(G)  Draw line from P to P2;  



(0611 For example, as depicted in Figures I and 3-5, key labels may differ according 

to different embodiments, e.g. the division key 128 in Figure 1 is represented by a 

slash mark whereas in Figures 3-5 the same key is represented by a i symbol. The 

symbols are interchangeable and represent the same calculator functionality. 

G= save graphic Draw circle ((0, 0), R) display the sweep circle  P= P2; In
Listing 2, P= (R, function(R)), where function evaluates the user-entered
expression for the value R and returns the value of the 0 coordinate of the
point. (R, 0)  represents a polar point of coordinates R, 0. G= save the
current display graphic in  order to allow display of the sweeping line. [060)
It will be readily seen by one of ordinary skill in the art that the present
invention fulfills all of the objects set forth above. After reading the foregoing
specification, one of ordinary skill will be able to affect various changes,
substitutions  of equivalents and various other aspects of the invention as
broadly disclosed herein.  It is therefore intended that the protection granted
hereon be limited only by the  definition contained in the appended claims
and equivalents thereof. 15 (0611 For example, as depicted in Figures 1
and 3-5, key labels may differ according  to different embodiments, e.g. the
division key 128 in Figure l is represented by a  slash mark whereas in
Figures 3-5 the same key is represented by a = symbol. The  symbols are
interchangeable and represent the same calculator functionality. 16 Docket
No.: 200310008-1  What is claimed is: 1. A method of graphing a
user-entered expression on a calculator display  102 of a calculator 100, the
method comprising: in response to the calculator 100 only receiving as
input an expression  to be graphed, graphing the evaluation of the received
user-entered expression in a  polar coordinate system on the calculator
display 102, wherein the user-entered  expression includes a radius
variable. 2. The method as claimed in claim 1, wherein points on the
graphed  expression are determined based on a plot of angular value and
radius value. 



Docket No.: 200310008-1 

What is claimed is: 

1. A method of graphing a user-entered expression on a calculator display 

102 of a calculator 100, the method comprising: 

in response to the calculator 100 only receiving as input an expression 

to be graphed, graphing the evaluation of the received user-entered expression in a 

polar coordinate system on the calculator display 102, wherein the user-entered 

expression includes a radius variable. 

2. The method as claimed in claim 1, wherein points on the graphed 

expression are determined based on a plot of angular value and radius value. 

3. The method as claimed in claim 2, wherein the angular value is 

determined based on the user-entered expression. 

4. The method as claimed in claim 1, wherein the graphing step further 

comprises the step of: 

displaying, on a polar coordinate system, a circle having a radius based 

on the radius variable and a point on the circle at an angle determined by the value of 

the user-entered expression determined using the radius of the circle. 

5. A calculator 100 for graphing a user-entered expression on a calculator 

display 102 of a calculator, the calculator comprising: 

means for receiving and displaying a user-entered expression; 

means for graphing the evaluation of the received user-entered 

expression in a polar coordinate system on a calculator display 102 responsive to 

receiving only the user-entered expression, wherein the user-entered expression 

includes a radius variable. 

1 7  

3. The method as claimed in claim 2, wherein the angular value is
determined based on the user-entered expression. 4. The method as
claimed in claim 1, wherein the graphing step further  comprises the step of:
displaying, on a polar coordinate system, a circle having a radius based  on
the radius variable and a point on the circle at an angle determined by the
value of  the user-entered expression determined using the radius of the
circle. 5. A calculator 100 for graphing a user-entered expression on a
calculator  display 102 of a calculator, the calculator comprising: means for
receiving and displaying a user-entered expression; means for graphing the
evaluation of the received user-entered  expression in a polar coordinate
system on a calculator display 102 responsive to  receiving only the
user-entered expression, wherein the user-entered expression  includes a
radius variable. 17 6. The calculator as claimed in claim 5, wherein the
means for graphing  further comprises: display means for displaying, on a
polar coordinate system, a circle  having a radius based on the radius
variable and a point on the circle at an angle  determined by the value of
the user-entered expression determined using the radius of  the circle. 7. A
method of graphing a user-entered expression on a calculator display  102,
the method comprising: in response to the calculator 100 receiving as input
an expression to be  graphed, wherein the user-entered expression
includes a radius variable, graphing a  radius value using the received
user-entered expression in a polar coordinate system  on a calculator
display 102, wherein the graphing step further comprises the step of:
displaying, on a polar coordinate system, a circle having a  radius based on
the radius value of the radius variable and a point on the circle at an  



6 .  The calculator as claimed in claim 5, wherein the means for graphing 

further comprises: 

display means for displaying, on a polar coordinate system, a circle 

having a radius based on the radius variable and a point on the circle at an angle 

determined by the value of the user-entered expression determined using the radius of 

the circle. 

7. A method of graphing a user-entered expression on a calculator display 

102, the method comprising: 

in response to the calculator 100 receiving as input an expression to be 

graphed, wherein the user-entered expression includes a radius variable, graphing a 

radius value using the received user-entered expression in a polar coordinate system 

on a calculator display 102, wherein the graphing step further comprises the step of 

displaying, on a polar coordinate system, a circle having a 

radius based on the radius value of the radius variable and a point on the circle at an 

angle determined by the value of the user-entered expression determined using the 

radius of the circle. 

8. The method as claimed in claim 7, further comprising the step of 

in response to a second input, graphing the first point at the first radius 

value and first determined angle value and graphing a circle having a radius based on 

a second radius value of the radius variable and a point on the circle at an angle 

determined by the value of the user-entered expression determined using the second 

radius of the circle. 

9. The method as claimed in claim 8, wherein the second graphing step 

prior to graphing the first point further comprises the step of: 

clearing the display 102 of the first circle. 

10. The method as claimed in claim 7, further comprising the step of: 

repeating the graphing step for sequential radius values. 

angle determined by the value of the user-entered expression determined
using the  radius of the circle. 8. The method as claimed in claim 7, further
comprising the step of in response to a second input, graphing the first point
at the first radius  value and first determined angle value and graphing a
circle having a radius based on  a second radius value of the radius
variable and a point on the circle at an angle  determined by the value of
the user-entered expression determined using the second  radius of the
circle. 9. The method as claimed in claim 8, wherein the second graphing
step  prior to graphing the first point further comprises the step of. clearing
the display 102 of the first circle. 10. The method as claimed in claim 7,
further comprising the step of:  repeating the graphing step for sequential
radius values. 18 


