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Graphical representation

1) General view
ScienceWord has mathematical tools for graphical representation of real functions,

parametrical curves, curves in polar coordinates, etc.

the worksheet and hold down the left button of the mouse and drag it to get the desired

Click on the "Coordinate System " button in the geometry toolbar. Then, click on

axes sizes. The tools shown below appear automatically in the geometry toolbar

1 2 3 45 6 7 8 910 1112 1314151617 18 19
R T .| l [ A A N E N B S S S
TR EERED-L-=E = LR rEmP el

-

To find out the function of a tool, just place the pointer on it. After a few seconds, this
function is displayed.

1- Define an independent variable; 2- Functional variable; 3- Define a vector; 4- Define a
point coordinates; 5- Fill color; 6- Brush color; 7-Line width; 8- Line style; 9- Arrow; 10-
Create a coordinates system point; 11- Draw straight line; 12- Graph trigonometric
function; 13- Graph conics; 14- Graph exponential and logarithmic functions; 15- Graph
function in coordinates system; 16- Polar curve; 17- Graph parametric function; 18- Multi
parameters function; 19- Create broken line with given data.

The following table shows the elementary functions list available

Functions list

Symbol Name Meaning
+-* lpicsion — proion | (% 79/241= 25 41
pi pi pi=n
n Power xX3= x3
% Remainder 5%3=2; 5.4%2.6-0.2
abs(x) Absolute value abs(x)=|x|
sin(x) Sine sin ( X ) =sinx
cos(x) Cosine cos( x )=cosx
tan(x) Tangent tan ( X ) =tanx
asin(x) Sine inverse asin ( X )=arcsinx
acos(x) Cosine inverse acos( X )=arcosx
atan (x) Tangent inverse atan.( X) farctanx Values domain :

[-pi/2,pi/2]




Values domain: [ - pi, pi]

tan2

atan2(y.x) (x,y) point polar angle in radians If y<O, thenatan2(y,x)< 0
Ify>0, atan2(y,x) >0

cosh(x) Hyperbolic cosine cosh ( x )=coshx
sinh(x) Hyperbolic sine sinh ( x ) =sinhx
tanh (x) Hyperbolic tangent tanh ( x ) =tanhx
ceil(x) Ceil function If n<x<n#1, ceil(x)=n+, n€Z
deg(x) Degree function deg(x) = 180x 81(3 X
exp(x) Exponential function exp(x) =e’
floor (x) Floor function If n<x<nH, floor(x)=n, n€Z
hypot(x,y) Hypothenuse function hypot(xy) = Jx?+y?
inint(xy0s1) Inverse function (Ran(x)) ™ inint(f(x),2,6)=f"[2,6]
max(xy) Max function max(3,9)=9
min(xy ) Min function min(3,9)=3
mod(xy) Modulo function mod( Xy ) =x%y

In(x). log(x)

Neperian Logarithm

In(x)=log(x)=log,(x)

logl0(x) base 10 logarithm logl0(x)=1log,,(x)
pow (Xxy) X power y pow(X.y)=x"
rad(x) Radian function rad(x )= %TT
If x>0, sign(x) =1
sign(x) Sign function If x=0, sign(x) =0
If x<0, sign(x) =-1
. If x>0, step(x) =1
step(x) Step function If x<0, step(x) =0
Sqrt(x) Square root function Sqart(x )=\/;
_ _ _ First function of Bessel: 0(x)=J(0,x)
PO A dn(x) | A(x)=J (1,x)
egree U,degree 1, degreen jn(X)=J(n.X)
. yO(x)=Y(0.x)
yO(x),y1(x),yn(nx) Second function of Bessel: VI(X)=Y (1, )

degree 0, degree 1,degreen

yn(x)=Y(x,n)




Notes

»  In trigonometric function or Polar coordinates system dialog box, when the "Angle

in pi Radian" box is ticked off ( W Angle in Radian ) , then the values of the "Domain"

are displayed in m radians . To get the configuration of "Domain" in numerical
values, uncheck the "Angle in pi Radian" box.

»  The position of a point or a line in the coordinate system can be modified with the
mouse or through their properties.

» The variable under consideration in the graphical representation of a function does
not always remain the same. There exist four types of variable: x, y, ¢ and r. For
example, an expression such as y=f(x) shows that the accepted variable is x; an

expression such as # = f(r) shows that the accepted variable is r; etc.

2) Two dimensional common graphical representation

We are going to represent the function: y=e*

Click on the 1 "Coordinate system" button in the drawing toolbar, while the pointer
turns into a pencil "+ ", hold down the left button of the mouse and then dragging the
mouse, create coordinate system of the desired size. From the tools that appear, click on

n fied Graph Function in Coordinate System". In the dialogue box opens up, write the
appropriate expression of y, that is e”x or exp ( x ). Then Click on "OK" to get the curve as

follows

y‘y

If you want to make some modifications on the curve, then double left- click with the
mouse on the curve to open its "Properties" dialog box

If you want to make some modifications to the axes of the coordinates, just double click
on any axis to open axis X/Y properties dialog box. Then you can carry out the desired

modifications.



Note:
In X/Y axes properties dialog box you can click on Scale label to get the following dialog

box where you can set up Label axis scale, Label position, the number of decimals of
Label and Label font size.

B /Y Axis Properties
=23 Line Style

B X Adis

B Y Axis

B Scale of X Axis

Bk Scale of ¥ Axis

B vetical Grid of large scale
¥ Yerical Grid of small scale
#k Horizontal Grid of large sce
8 Horizontal Grid of small sce

Scale Label

[v] Label % Axis Scale

() Label with Actual Walue
(®) &uto Label by Large Scals
Fosition of % Axis Lakel

(®) Below X Axis

() Above X Axis

[v] Label ¥ Axis Scals

() Label with Actual Yalue
(®) &uto Label by Large scale

Fosition of ¥ Axis Lakel

(@) Left of * Axis

() Right of ¥ Axis

Decimals Mumkber: ||:I

Label Fant Size: |1D

For example, if the large scale increment (in X/Y axis properties dialog box ) of X axis
is 15 and the large scale increment of Y axis is 125, you may have to check "Label with
actual Value" in Label X axis scale and Label Y axis scale options to get Figl as axes

coordinates. But with the auto label option you will get Fig2.

A Y A Y
375+ 31
250 2+
125+ 1k
s 530 45 0 75y 2 3 4 sy
Figl Fig2

Then for any function graph to be plotted in Figl,

you may have to consider in the

function dialog box the following domain: xs=-15and xe="75.

Then for any function graph to be plotted in Fig2, you may have to consider in the
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function dialog box the following domain: xs=-1 and xe =15
Note

You can draw in axes coordinates system many function curves of all types.
When a line, a circle, an ellipse in axes coordinates system, their equations are displayed

in object properties dialog box

You can define variables and use them as parameters in multi parameter function fiaz

dialog box to create animated function curve.

3) Principles of graphical representation

Let's remind that elementary functions refer to: polynomial, rational, trigonometric,
power, exponential, logarithmic and absolute value functions.

a) Graphical representation and domains

Given an elementary function of type y=/(x)or x=f(y) and given D, its domain of
definition.

-1If D, =R, the graphical representation is directly done. This for example as in the case
of an exponential function.

- Let'ssuppose that D, =1, U1, U ... UL, ,n =2,and1,,1,, .., I, are intervals with
any two intervals empty intersection, I, having the smallest lower bound and I, having the
highest upper bound.

*If I, is a left-closed interval having a as the lower bound and I, is a right -closed interval
having b as the upper bound, then the graphical representation can be done directly on

the right -closed interval I of bounds @ and b (@ and b are finite or infinite ) .

x Jx

and x) = —.
N g(x) 3

For example, let's consider the following functions: f (x) =

Then D, =]-o0,-1[ U ]-L,I[ UL, +oo[ and D,=[0,1[ U I, +oo[..

The graphical representation of f/ and g can be respectively carried out directly on R set
and [0, + oo interval.

In a practical way, to get the curves shape of these functions, you just need to represent

respectively / on]-6,6[ and g on[ 0,6 ]. We have the following results:



*If I, or I, do not meet the previous conditions, then the graphical representation will
require that the variable be indeed chosen on a part of the function domain D,

*1If D, is a segment, the graphical representation also requires that the variable be indeed
chosen on a part of that segment.

b) Note on function power

In ScienceWord as it is the case of most of the scientific software, the function power x

 1/x is considered as being defined on [0, + oo [.

Given that for all odd values of n, the function power is defined on R, so the graphical

representation of y = (/; in ScienceWord (in case n is odd ) , use anyone of the three

following methods.
1) Given the fact that y=f (x) = (/; on [0,+c0[ and y =-Z/-x on [0,- [, then

we can just consider the graphical representation of f(x)=sign (x) Z/sign(x)x.
ii) Werepresent x = g(y) = y"onR.

. . X
111) We represent parametrical function defined as ,t €R.
y=t

In general, to represent directly the function defined by y = {/g(x), where n is an odd
integer, it is suitable to just consider its expression y =sign(g(x)) 4sign(g(x)).

For example, y = Jx+1-Jx’+x*+1 +2=sign(x+1) i/sign(x+1)(x+l)

—sign(x* +x>+1) \S/Sign(x3 +X7 41+ 27 +1) +2.




¢) Note on conics equations in 2D coordinates system

In ScienceWord and PagePlayer, a conic equatiosn is considered as follow
G(x,y)=Ax’+Cy’ +Dx+Ey+ F=0 ) ) S
0=0 , where in the conic properties dialogue box a
—Yo

is the angle between abscissa x axis and conic a axis; G (x, y) =0 is the equation of that

conic in the coordinates axes obtained after a rotation of xy axes about the origin of 0. .
In general, the equation of the conic in the original coordinates system is given as follow:
G (xcosB,+ysinB,, —xsinB,+ycosB, ) =0. Then,

if 0,=0 (the default settings ), this equation is just Ax* + Cy* + Dx + Ey + F = 0;

if 8,0, this equation is: A (xcos®,+ysin®,) > + C ( —xsin®,+ycos0,) > + D (xcosd,+
ysin@,) + E (—xsinB,+ycosB, )+ F=0

4) Joining points in the coordinate system

Click on -Fﬂ' tool that appears when the coordinates system is selected. In the dialog box

that appears, enter data as shown below.

Broken Line [‘5_(|

Braken Line |.E-:|I-:|r and Lines | Cammon | Rotate |

w Mate:

.3 Each ling includes absicizza
3 ? w and ordinate v of a link
.0

—L [

paint af the braken line az
follons: =, y.

e I =

Example

] ][ Canicel ]




Then click on "OK" button. The following result is obtained:

11
2k

Note that you can copy data of the worksheet and paste them directly in the "Broken
Line" dialog box and vice versa.

5) Image of a (C) graph by plane isometry

a) Method used

Here the technique used is based on parametrical equations where for any point M (x, »)
of (C) , we have:

1x=h(t)

t €E (E being a subset of R) .
y=g(1)

For example, if (C) is the graph of real function y=f(x), with x € D, , then we

consider the parametrical equations:

- If (C) is the graph of real function x=f(y), with y D, then we consider the

parametrical equations:

1x=f(t) e, @

y=ti
- If (C) is the graph of polar equation r=f(¢), with ¢ D, then we consider the

parametrical equations:
x=f(t) cost
. teD (2)
y=f(t) sint
If (C) is the graph of polar equation r=f(r), with t€D, then we consider the
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parametrical equations:
X = £cos (f(t)), eD @
y=tsin (f (1))

b) Analytical expression of plane isometrics

Let consider a plane point M (x, y) and an isometry / and let suppose that M' ( x', ")

is the point of plane suchas /(M) =M'.

_ _ _ >|a x'=x+a
- If I is the translation with respect to the vector u| |, then .
y' =y+b
- If 7 1is the central symmetry about the centre Q(xo, yo), then
x'=-x +2x,
y' ==y +2y,
- If 7is the symmetry with respect to the axis y = ax + b, then

2a a’*-1  2ab
X = Y= X—
a+1 a*+1 a*+1

| 2 %
YE Syt
a +1 a +1 a +1
_ _ _ x' =2b—x
- If 7 is the symmetry with respect to the axis x = b, then )
y'=y

- If I is the rotation about the centre Q (x,, y,) and angle 0, then

x'=(x-x,) cosl —(y-y,) sinf +x,

y' =(x-x,)sind +(y-y,) cosd +y,
Note: you can rotate any graph about the axes origin directly through "Rotate" option of
this graph properties.

¢) Image of the graph C
Letdenote C =7(C) where [isanisometry .
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x=h(t)
Assume that the parametrical equations of C are: ‘ .

y=g(t)
When replacing in isometry [ analytical expression x by 4(¢) and y by g(t), you
x'=H(t)

would obtain an expression like: :
y'=G(1)

x=H(t)

Then , it follows that parametrical equations of C are .
y=G(1)

Application Example

x=t

y=r(1)

Assume that 7 is the symmetry with respect to the axis y = x, and having parametrical

Let C be the graph of function y = f(x ), which parametrical equations are: 1

. X =Yy

equations
y'=x
. x = (1)
When replacing x by #and y by f(¢) , we have: .
y' =t
: : x=f(t)
Thus, the parametrical equations of C =7( C) are: ().
y=t

Remark:

You could also consider Cartesian equation of C when of such an equation is easy to find

out. For example, it is easy to get from (i) the Cartesian equation of C, that is

x=f(y) (ii).
In ScienceWord, you can complete C through (i) or (ii).

1

Assume that Cis the graph of function y=e""". Then the parametrical equations of

=2t
C are given as follows: t €R

y=t
It is easy to notice that the Cartesian equation of C is x = 2771,

The curves (C) and (C ) are completed below
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6) Flexibility of ScienceWord coordinate system

Let mention that the coordinate system is very flexible.

- You can shift the origin of the coordinate system. To proceed, click on the origin and
whilst the pointer turns into the shape %L-. , hold down the left button of the mouse and

move gently the origin.
- Thanks to many options in axes properties, you could get different kinds of

configurations of the coordinate system as shown in the following.

Y

2 -1 1 2 3 4 5 6 7 8
NPT PHTTE FRUTT R IR STTE PPTIN FPTTA FHUTE TRV T

7) Drawings and coordinates system

When the coordinates system is selected, any geometrical object ( line, rectangle, free
curve or Bezier curve, etc. ) or any experimental tool of chemistry, physics, optics,
mechanics, electromagnetism drawn in the active zone of the selection of the coordinates
system, is automatically captured. It thus becomes an element of the coordinates system!

When these objects are not drawn in the active zone of the coordinates system, you can

12



merge these objects with the coordinate using the "™8 Combine" tool.

Furthermore you can determine the coordinates of any point of this object in the
coordinates system! So many practical applications! Without going to the point of
drawing an exhaustive list, let just mention that it is henceforth possible to measure
rapidly the level of a liquid in a "U Tube", to obtain the coordinates of any point in a
geometrical transformation, the impact of a bullet in a shooting experience, an accurate
estimate of laboratory experiment results, interesting approximate of solutions of several

algebra equations, etc.
8) Filling and functions curves intersection

When function curves and geometrical objects are selected, the "i Select and Fill
Region" tool that appears in the Geometry Toolbar task zone helps to fill their intersection
or their difference or their union region.

When two function curves or a curve and a line are selected the "7 " Intersection of two
curves" tool that appears in the Geometry Toolbar task zone helps to draw the intersection

points.

9) Graph animation

a) Using the multi parameter function
Draw in the coordinate System a segment AB and click on the icon "Length == " that
becomes automatically available in geometry toolbar, to display its length. Then define an

Y ariation damain

independent variable with variation domain 1 to 15

15
l\y
B
2_
A/
1_
ER— T2 3 4 5.
Al Measure 2909: Length of SegmentAB = 2. 2583
Independent variable 2897 = 1.00
2k
H < 4>+ — =

Click on "Multi parameter function ## " tool to open the following dialog box
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Multi parameters function

Multi parareters function |
y=ttg= |8 |
Computation of parameters iz automatic
(®) y=flx) O =) ws=  |-B.000 v/
O w=fly) O =) xe=  [6.000 v |
Parameters Funchions list
Mumber: | ] | [P axirurm 15] pi ~
" b
a= 0.000 .
/
b= 0.000 -

Now we are to plot the parameter function f( x)=aln(bx ) where a is the length of AB
segment and b the independent variable..

Type in y=f(x) window the expression: axIn (bx*x).

As In function is defined on ] 0, +oo [, in the domain bounded values, replace the value
-6 of xs by 0.1.

In the parameter Number window replace the value 0 with the value 2.. Then the
parameters a and b windows are automatically activated. Click on the drop-down button
of the parameter a to select "Length of Segment AB..."; Click on the drop-down button of
the parameter b to select "Independent variable...".

X

Multi parameters function

Fulti parameters function |

() |

y=fi=

Computation of parameters i automatic

© y=tiz) O r=ft ws= 0100 v|
O w=tiy) O t=fr) xe= |B.000 v|
Parameters Functions izt
Mumber: | 2 | [bd axirmumm 15] pi .
" b
a= |Measure 109 Length of SegmenttB =2 | .
!
SR = cndent variable 57 = 1.00 v| “
c= [0000 abslx]
an::_n:ns[:-:]
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Then click OK button to get the graph

l\y
B
1_
A
2 2 3 4 5,
A1F
Measure 3003: Length of SegmentAB = 1.8912
2F Independent variable 27 = 1.00
3k H i« a4e» D)+ - =

Now select the point A and move it. As the point is changing position, its length is
varying and then the graph also change accordingly to the length of AB.

Animate the independent variable. Then the graph change accordingly to the value of the
independent variable.

:Note:: The started value xs and the end value xe of the domain are also variable.
You may define them as variables. The drop-down button help to select any
defined variable.

b) Using the " ] define point coordinates" tool

Draw in the coordinate System a segment AB and click on the icon "Length ==" that

becomes automatically available in geometry toolbar, to display its length. Then define an
Yariation darmain

independent variable with variation domain 0.3 to 4 0.3 - s
A Y
B
2 -
A/
1 -
2 - 1 2 3 4 50 .

Measure 3101: Length of SegmentAB = 2.2583
Independent variable 3089 = 1.00
H <« 4D p+ — =

Now click on "% functional variable" tool and type in the expression box: y*In (x )
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Functional variahle

I Object | Functional variable |
E =prezsion |m |
Precizsion: | 2[0.07) b | Mote: &ngle measure comes as default in radians
Pararneter
Expression parameters Functions list
i A
M urmber |2 | [k axirniam 15] E =
"= |Independent vanable 243 =1.00 w | ;
y= |Measure 461: Length of SeamentdB = 2w | o
abs(x]
zZ= acog(x]
azinx]
atan(x]

Click OK to get a functional variable defined ( in the following figure you can see
variable 359).

l\y
B
2_
/
1_
E L2 3 4 5.
Al Measure 3175: Length of SegmentAB = 2.2583
Independent variable 249 = 1.00
2+
H <4 > D+ —=

Variable 3177 = 0.81

Now click on ]2 define point coordinates. In the dialog box that opens up consider

"Axes coordinates" option and check "Select a variable" option for each axis. Then use the
drop-down button to select "Independent variable" as abscissa and "Variable 359"
(functional variable ) as ordinate.
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X]

Variable point

" ariable Paint |

Types of coordinates sustem

(®) faves coordinate: () Polar coordinates

Abzoizzasz ans

(3 Define a constant | |

(¥ Select a variable |Independent wariable |

Ordinates axis

) Define a constant | |

(@ Select a variable | Varisble 353 =081 ¥ |

Click OK to get the variable point M having the independent as abscissa and the

functional variable as ordinate.

Now animate the independent variable and note that the variable point describe the graph

E—
defined by y = H AB H In(x).

We have to generate this curve. But first let draw another segment CD and the symmetric
point N of M across (CD ). Then rotate -30° the point N about D to get point P..

l\y
B
L C N

1 1 1 [
v o

2 3 4 5 v

Measure 3257: Length of SegmentAB

Independent variable 249 = 1.00

H i< 4 &) D+ —

Variable 359 = 0.00

= 2.2555

3
Now select in this order the independent variable and the point M. and click on "

Display the track...." that becomes available in geometry toolbar. In the dialog box that
opens up replace the number 30 with 100. Click OK. Then you will get the black curve
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passing M point as shown as follows.

2F Measure 154686: Length of SegmentAB = 1.6467

Independent variable 249 = 2.08
H i< €4 )PP+ —= Variable 359 = 1.21

To get the symmetric across ( CD) of this curve, select in this order the independent

) :
variable and the point N. and click on " Display the track....", The result is the red

curve.
To get the rotation -30° of the red curve about the point D, select in this order the

“
independent variable and the point P. and click on " Display the track....", The result is

the blue curve.

Now the point A of the segment AB and move it.. You can note that the three curves
follow up as the length of segment AB is a variable factor.

Animate the independent variable to see the change of position of M,.N and P

Notes

®  You can bring modifications to these curves through their properties dialog box and

through their motion properties dialog box.

Track |

Set zample zize

Object Properties Paints number. {100 Es

% Paint Fil
=23 Line Type .
8 Line Type s Fil v
=3 Fil Foreground: !I e IF] Shows points
> s
Dizcontinuous
B Size Transparent O

Fig 1 Fig 2
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Insted of considering a length of the segment AB as variable factor, you may consider
other independent variable or functional variable or an area, etc.

® _For the purpose of a particular animation it may be suitable to use the following
kind of functions where a is a real constant.

x),if x<a x),if x<a
e o R Te Bl

g(x),if x>a g(x),if x>a
When we consider the following functions
q (x)=sign(1+sign(x—a)) and p (x)=sign(1—sign(x—a)),
then we can write:

h(x)=g(x)q(x)+f(x)(1=q(x)) and k(x)=f(x)p(x)+g(x)(1=p(x))

10) Three Dimension graphical representation
Click on "3D Coordinates I~ " in the Geometry Toolbar. The pointer changing to the
shape of a cross (+) on the worksheet, click and hold the left button of the mouse, then

drag it slightly to draw the coordinates system as shown in the following illustration:

You can access the following "Object Properties" dialog box of the coordinates system by

clicking on "Properties" from the contextual menu.

Object Properties

=0 3D A % iz T Z Bz
B WY Az Properties
B Scale Label Large Scale Spacing |1 0.00 m |1 0.00 rmm |'| 0.00 mm
Line Type of » Axiz
% Line TiEe o Y e Small Scale Entries | 4 | 4 | 4
% Line Type of £ Axiz Large Scale 5 5 5
i Scale of ¥ Avis Increment | | |
G oot o Ktdis % shon |V Shon | ¥ Shaw
Large Scale WV Show | W Show WV Show
Small Scale W Show | v Show W Show
Height of Large |27
Scale i

The above dialog box helps to carry out modifications to the coordinates system.
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While the coordinates system is active ( that is selected) , click on " o Create 3D

graphics" tool in the Geometry Toolbar. The following dialogue box appears:

Equation Curved Surface

Funtionz=f[x.y]

Parameter Functions=fu,w] p=alu.v] z=hlu.v]

Functiony=f(x z) 1

Functiors=f{y.z] l

X]
|

2=

us= |-2.00

ye= |-300

#e= (300 ye= 13.00

Preview

Function List

@

4
¥y
zin[x]
cosx]
tan[x]
sinhi=]
coshlx]
tanh(x]
aginfx]
acos(x]
atan(x]

Ok | Anruler ]

side |

Taking into account the list of accepted elementary functions and the definition domain,

you can as it is the case in two dimensional coordinates system, plot graphs in three

dimensional coordinates system.

As the case in 2 D, the coordinates system 3 D is very flexible. You can in the same way

displace the origin of the coordinates system by the mouse.

For example, to represent the sphere with radius » =1 and centre (-1, 1,1), click on the

"Parameter Function.." button, and then set the dialogue box as follows.

Insert Index

i Function z=f{x.y] |

Function y=f[x.z]

Function x=fly.z]

Parameter Funchion ==Ffu.v] y=glu.v] 2=hu.v]

3
|
|

= | gin[u]“cosv] -1

| us= |-3.nn

| vs= [.3.00

Y | coz(u) cosv] +1

| e wes= | 3.00

2= | zinlw] +1.

ok

Presview

Funchion List

x=sin(u)*cos(v) -1, y=cos(u)*cos(v) +1, z=sin(v) +1.
u=-3.14,u.=3.14, v=-3.14, v.=3.14.

Click on "OK" button to get the sphere as shown next.
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It is possible to sketch in the same coordinates system many surfaces as shown below
A half of sphere defined as

x=sin(u)cos(v)—1 P =
y=cos(u)cos(v)—2 —3.14<u<3.14;0<v<3 %%%i/%
=sin(v) §§ Eg

A cylinder defined as g
x=sin(u)+3
y=cos(u)+3 —314<u<3.14; 0<v<1S

z=v+3

A torus defined as

x=(3+cos(v))cos(u)
y=(3tcos(v))sin(u)+0.6 —3.14<u,v<3.14
z=0.5in(v)—2
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