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     S u m m a ry  o f Grap h in g  Ca lc u la to rs  in  Ca lc u lu s

You shou ld be able to perform easily and efficien t ly a ll of the following ta sks on
your  individua l graphing ca lcula tor :

1. Do ar ithmet ic calcu la t ions.
2. Define and eva lua te funct ions.
3. Graph funct ions, and change the viewing window in  meaningfu l ways.
4. Trace the graph  of a  funct ion .
5. F ind zeros of a  funct ion .
6. F ind in ter sect ion  poin t s of the graphs of two funct ions.
7. Make a  funct ion  table from a  formula .
8. F ind maxima and min ima of a  funct ion.
9. F ind the der iva t ive of a  funct ion  a t  a  poin t , and graph  der iva t ive over  an  in terval.

10. F ind the defin it e in tegra l of a  funct ion over  an  in terva l (LHS/RHS).
11. Graph  the slope field of a  differen t ia l equa t ion , and sketch  a  solu t ion  curve.
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#1:  Us in g  a  TI-82  Graphin g  Calcu la tor

In t roduct ion

Graphing ca lcu la tors and com puter  graph ing software a re indispensable tools in  studying and doing

m a thema t ics.  For  th is course you  a re re qu ire d  t o have a  graph ing ca lcu la tor  ava ilable to you  a t  a ll

t im es dur ing cla ss, when  doing your  hom ework, a nd while t aking exam s.  Although  any ca lcu la tor  from

the following list  is a ccept able, we ve ry  h igh ly  re com m e n d  t ha t  you  use a  ca lcu la tor  from  the Te xas

In stru m e n ts  TI-83/84  ser ies.

Te xas  In s tru m e n ts  TI-81, TI-82, TI-83/84  ser ies, TI-85, TI-86, or  TI-89

Casio fx/cfx-7000/9000 ser ies

Sha rp EL-9000 ser ies

Hewlet t -Packa rd 48/49 ser ies

Cla ss dem onst ra t ion , inst ruct ion , a nd discussion  will a ll u t ilize a  ca lcu la tor  from  the TI-83/84  ser ies.

Although the other  list ed ca lcu la tors can  per form  most  of the desired opera t ions, those ca lcu la tors might

be more difficu lt  to use on  som e opera t ions tha t  a re expected in  the course.  Handout s a re ava ilable for

a ll of the Te xas  In s tru m e n ts  ca lcu la tor s t ha t  a r e list ed.

The purpose of handout  #1 is to gu ide you  th rough  lea rn ing how to use the basic ca lcu la tor  fea tu res

tha t  a re not  rela t ed direct ly t o funct ions and graph ing.  You  will type or  key-press the it em s in  bold .

Keyboa rd Layout

Take a  few mom ent s to become fa m ilia r  with  the layou t  of the keyboa rd.  The lower  cen t ra l por t ion

has the num er ica l digit s.  Ar ithm et ic opera t ion  keys a re on  the lower  r igh t  side.  The arrow  keys form

a  rect angle on  the top r igh t .  J ust  above most  keys a re pr in t ed two addit iona l labels:

(1) A blue label which  you  can  access by fir st  pressing and releasing the blue 2n d  key on  the top

left  of the keyboa rd, and

(2) An off-white let t er  or  sym bol label which  you  can  access by first  pressing and relea sing the gray

ALP HA key on  the top left  of the keyboa rd.

N ote:  If your  screen  is blank  when  you  press the ON  key in  the lower left  corner , pr ess and release the

2n d  key once and then  hold down the u p arrow  key t o incr ea se t he screen con t ra st  un t il you  see

som eth ing on  the screen.  Use the 2n d  and dow n  arrow  keys to reduce the con t ra st .



Arithm et ic Opera t ions

Pract ice the following ca lcu la t ions a long with  other  sim ila r  ca lcu la t ions of your  own design  un t il you

a re comfor t able and proficien t  with  basic a r ithm et ic ca lcu la t ions.  Aft er  you  type in  each  ca lcu la t ion  to

be done, pr ess the ENTER  key in  th e lower  r igh t  corner  of the keyboa rd.  Use the CLEAR , arrow , and

DEL (delet e) keys to make typing correct ions.  En t er  ea ch  of the ca lcu la t ions a s one form ula  withou t

breaking the form ula  down in to sim pler  pieces.

5 + 7

3.6 ! 8.25

4 × 2 (Note tha t  mult iplica t ion  is displa yed by the " * " sym bol.)

9 ÷ 4 (Note tha t  division  is displa yed by the " / " sym bol.)

2 ^ 3 (The ^ key, just  above the ÷ key, is for  exponen t s:  2 .)3

-4 + 9 (Use the (-) key on  bot tom  row for  nega t ives, NOT the subt ract ion  key.)

3 × -6 (Use the nega t ion  key, NOT the subt ract ion  key.)

2 + 3 × 4 (Where a re the im plied pa ren theses?)

( 2 + 3 ) × 4 (Pa renthesis keys a re above the 8  and 9  keys.)

2 × 3 + 4 (Aga in , where a re the im plied pa ren theses?)

2 + 3 ÷ 4 (Im plied pa ren theses?)

( 2 + 3 ) ÷ 4 (Pa ren theses must  be used to ca lcu la t e .)

2 ÷ 3 × 4 (Wha t  would you  en ter  to ca lcu la t e ?)

When  in  doubt  abou t  which  opera t ions a re per form ed fir st , either  t ry a  sim ple sim ila r  exam ple or  use

pa rentheses to cla r ify wha t  you  in t end.  Wha t  shou ld you  enter  to ca lcu la t e ?

5 (P ress the 5  key fir st  and then  the x  key on  middle left  side.)2 2

( 3 + 4 ) 2

5 (P ress 5  and then  x  key on  middle left .)-1 -1

        (Try each  twice:  fir st  use the ÷ key, and then  use the x  key.)-1



% 4 (P ress blue 2n d  key fir st , t hen  x  key with  blue % label.)2

(Pa ren theses a re not  necessa ry.)

(Pa ren theses a re requ ired.)

(Is t h is resu lt  t he same a s t he la st  resu lt ?)

B ÷ 2 (To type B, pr ess blue 2n d  key fir st  and then  ^ key with  blue label "B".)

2 × B

2 B (Om it  the × key on  th is and the next  th ree exam ples;

3 % 4   these four  exam ples illust ra t e "im plied" mult iplica t ion .)

2 ( 3 + 4 )

1 / 2 B (Is the resu lt  wha t  you  expected?)

Last  E n t ry

Type a ga in  the ca lcu la t ion  2 ( 3 + 4 ) and press the ENTER  key.  Now press the blue 2n d  key and

then  the ENTER  key wit h  the blue ENTRY label above it .  Not ice tha t  your  la st  form ula  entered

reappea rs on  the screen for  you  to make changes.  Use the arrow  keys t o change t he "3" to a  "5" in  order

to com pute 2 ( 5 + 4 ).  P ress the ENTER  key a s usua l to ca r ry ou t  the ca lcu la t ion .

Edit  your  la st  en t ry (2n d  ENTRY) aga in  by fir st  placing t he fla sh ing rect angu la r  cursor  over  the digit

"5" (use le ft  arrow  key).  P ress the blue 2n d  key a nd then  the key with  the blue label INS .  You  a re now

in  the "inser t " mode instead of the "typeover" mode.  Not ice t ha t  the cursor  is a  fla sh ing under line

ra ther  t han  a  rect angle.  P ress the 3  key and not ice wha t  happens.  Then  press the 7  key.  If you  press

an  arrow  key, t he cursor  goes back to the typeover  m ode a s indica t ed by the fla sh in g r ect angu la r

cursor .  P ress the ENTER  key.  (The cursor  does not  have to be a t  the end of the form ula .)

P ress the last  en t ry key (2n d  ENTRY) severa l t im es and not ice tha t  you  cou ld a lso edit  severa l

form ulas back.

N ote:  Since we've becom e aware of differen t  cursor  styles, wa tch  wha t  happens to the cursor  style when

you  press the blue 2n d  key.  P ress the 2n d  key aga in  and wa tch .  If you  ever  mistaken ly press 2n d , you

can  cancel by pressing 2n d  aga in .  Look a t  t he cursor  to see whether  2n d  is a ct iva t ed.



Var iables

Type the ca lcu la t ion :  2 + 3  ENTER .  Not ice tha t  the answer  is 5.  Now press the × key and the 4  key.

The display reads "Ans*4".  Wha t  is the resu lt  when  you  press ENTER?

"Ans" is a  va r ia ble t ha t  st ores your  la st  ca lcu la ted va lue (a s opposed t o your  la st  en t ered form ula ).

Now en ter  50 ! An s .  (P ress 2n d  key and then  ANS  key in  lower  r igh t  corner  of keyboa rd.)  The va lue

of the va r iable Ans changes a ft er  each  new form ula  ca lcu la t ion .

If you  wish  to ca lcu la t e aga in  the last  formula  en t ry withou t  edit ing it , just  press the ENTER  key --

a s many t im es a s you  wish  to per form  the ca lcu la t ion .  

Exam ple: P ress 3  and then  the ENTER  key.  The va lue of Ans is now 3.

Type 2 × An s    ENTER .    (Use the 2n d  and ANS  keys.)  The va lue of Ans is now 6.

P ress the ENTER  key repea tedly to see the va lue of Ans repea tedly doubled.

The resu lt  of each  ca lcu la t ion  is au tom a t ica lly stored in  the va r iable Ans.  Va lues can  a lso be stored

in  single-let t er  va r iables by using the STOÍ key loca ted in  the lower  left  corner  of t he keyboa rd.  Ca r ry

ou t  the following exam ple en t r ies and observe wha t  happens:

5 STOÍ A ENTER (P ress the ALP HA key a nd then  the key with  label A.) 

2 + A      ENTER (The va lue stored in  va r ia ble A is used in  the ca lcu la t ion .)

A ÷ 2 STOÍ B ENTER (The va lue of A/2 is displa yed and a lso stored in  va r ia ble B.)

A × B ENTER (Cur ren t  va lues of va r ia bles A and B a re used in  ca lcu la t ion .)

7 STOÍ A ENTER (The va lue of A is changed, bu t  form ula  A/2 is not  reca lcu la t ed.)

B ENTER (Va lue of B did not  change when  a  new va lue was stored in  A.)

Exper iment  with  other  exa m ples using va r iables to be sure you  underst and how they work in  form ulas

and ca lcu la t ions.

You  sh ou ld  prac tice  re pe ate dly  a ll th e  fe atu re s  d iscu sse d  in  th is  h an dou t  (an d  e ach  la te r

h an dou t) u n ti l you  are  com fortable  an d  profic ie n t  w ith  th e m .  You  m u st be  able  to  u se  th e se

fe atu re s  e as i ly  an d e ffic ie n tly .  Th e se  h an dou ts  sh ow  you  th e  m ost  im portan t  fe atu re s  you

w ill n e e d  in  ca lcu lu s .  Con su lt  you r ca lcu la tor m an u al for fu rth e r de ta ils  an d  fe a tu re s .
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#2:  Fu n ction s  an d  Graphin g  on  a  TI-82  Ca lcu la tor

The purpose of handout  #2 is to lea rn  h ow t o define, eva lua te, and graph  funct ions with  your

ca lcu la tor .  A TI-82 ca lcu la tor  can  work simult aneously with  up to t en  user -defined funct ions.  Our  fir st

exa m ple will be the linea r  funct ion  .  Type or  key-press the it em s in  bold .

1DEFINE the funct ion  by pressing the Y= key in  the upper  left  corner  and typing X ! 2  a ft er  the "Y =".

Use the key labeled "X,T,2" to type the independent  va r iable.  (Remember  CLEAR , DEL, INS , and

arrow  keys to edit .)  P ress QUIT (blue label on  MODE  key) to get  back to the Hom e Screen .  

N ote 1: In  funct ion  mode you  m ust  use t he let t er  "X  " a s t he na m e of t he independen t  va r ia ble for
a ny "Y  ="  funct ion , no ma t t er  wha t  the independen t  va r iable migh t  be nam ed in  your  a ct ua l

1problem.  For  exam ple, if your  problem uses , you  must  use Y = X  on  the ca lcu la t or .2

1EVALUATE the funct ion  you  have defined by using funct ion  nota t ion  with  Y  a s the nam e of the

1funct ion .  To type the "Y " sym bol, press the blue Y-VARS  key fir st , pr ess the 1  key for  Fu n ct ion ,

1and aga in  press the 1  key for  Y .  P ract ice the exam ples, and observe the ou tpu t .

1 1Y  ( 3 ) (This is st a ndard funct ion  nota t ion  using "Y " inst ead of "f ".)

1Y  ( 6 )

15 Y  ( 4 ) + 3 (Not ice the im plied mult iplica t ion .)

N ote 2: Alt erna tely, a  menu  opt ion  may be select ed by h igh ligh t ing the opt ion  using the arrow  keys

and then  pressing the ENTER  key.

1N ote 3: The sym bol "Y " may be used either  a s the na m e of t h e fu n ct ion  (the sym bol "f " in

m a them a t ica l fu nct ion  nota t ion) or  a s the nam e of the dependen t  va r iable (whose cur ren t  va lue

depends upon  the cur ren t  va lue of t he independent  va r iable "X  ") .  Observe ca refu lly wha t  happens

as you  en ter  each of t he following comm ands.  Rem em ber  tha t  our  exam ple funct ion  is subt ract ion

of 2 from  the va lue of the independent  va r iable X .

5 STOÍ X

1Y

1Y  ( 9 )

1Y

8 STOÍ X

14 Y  + 12



GRAPH the funct ion  you  have defined by pressing the ZOOM key on  the top row and choosing opt ion  4

for  ZDe cim al .  The graph  of your  funct ion  is plot t ed in  a  viewing window tha t  extends from  -4.7 to

4.7 a long the x-axis and from  -3.1 to 3.1 a long the y-axis.  Tick marks a re placed every 1 un it  a long

each  axis.  P ress the WINDOW key on  the top row to see these specifica t ions for  the viewing window.

The va r iables Xm in , Xm ax and Y m in , Y m ax descr ibe the exten t  of each  coordina te axis.  The

va r iables Xscl and Y scl descr ibe the num er ica l dist ance between  t ick marks a long these axes.  The

va lues of the window va r iables may be changed, bu t  we will not  do so a t  th is t im e.

Press the GRAP H  key on  the top row to see the graph  aga in .  Use the arrow  keys to move the

free-m oving cursor (+ sign) a round the viewing window.  Not ice the x- and y-coordina tes of the poin t

a t  the cen ter  of t he cu rsor .  Use t he free-moving cursor  to wr it e down the coordina tes (with  comm a

and pa ren theses) of th ree sam ple poin t s of your  choice from  the graph  of the funct ion .

P ress the TRACE  key on  the top row.  You  will see the X-shaped trace cursor on  the graph  of the

funct ion .  Not ice a lso the x- and y-coordina t es of the graph  poin t  loca t ed a t  t he cursor .  Use the

righ t  and le ft  arrow  keys to move the t race cursor  a long the graph  of t he funct ion .  Not ice in  th is

exam ple tha t  the y-coordina t e is a lways 2 less than  t he x-coordina te.  If you  press the ENTER  key,

the viewing window will be m ade to center  on  the t race cursor .  P ress the WINDOW key to see the

new va lues of t he viewing-window va r iables.  Choose ZOOM ZDe c im al  t o reset  the or igina l viewing

window.  Exper im ent  with  wha t  happens when  you  press t h e QUIT, GRAP H , TRACE , CLEAR , and

ZOOM ZDe c im al  keys from  va r ious differen t  screens.

N ote 4: The t race a r row keys rest r ict  the possible x-coordina tes of the poin t s tha t  can  be specifica lly

com puted since the t race cursor  moves in  jum ps from  one screen pixel (t iny, squa re pictu re element )

to another .  To com pu te the va lue of the funct ion  and plot  the cor responding graph  poin t  a t

a rbit ra ry va lues of x:

P ress CALC key (blue label on  TRACE  key) and then  the 1  or  ENTER key for  valu e .  

Type the desired va lue of x (1.325  for  exam ple) and press the ENTER  key.

N ote 5: More than  one funct ion  can  be defined and graphed a t  t h e sa m e t im e.  We will use

 a s our  second exam ple funct ion .

2Press Y= and ENTER  t o get  down to the line "Y =".     Type 1 ! X and press GRAP H .

P ress TRACE .     Move t race cursor  to the poin t  where x=.7, and wa tch  wha t  happens when  you

press u p  and dow n  arrow  keys.  Not ice the num ber  in  upper  r igh t  corner  of screen.

Now choose CALC valu e  and en ter  2.637  for  the va lue of x.  Aga in  watch  wha t  happens when

you  press the u p  and dow n  arrow  keys.
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#3:  Ch an g in g  th e  Vie w in g  Win dow  on  a  TI-82  Ca lcu la tor

The purpose of handout  #3 is t o lea rn  how to m ove the viewing window around the coordina te plane.

Our  two exam ples a re the following exponen t ia l funct ions:           

SELECT funct ions for  graph ing by pressing the Y= key, CLEAR ing any previously defined funct ions, and

1 2 1 2en ter ing .5 × 2 ^ X for  Y  and 2 × .4 ^ X for  Y .  Since the Y  and Y  funct ions have h igh ligh ted equa l

signs, they a re "select ed" for  graph ing.  Choose ZOOM ZDe c im al  and not ice t he m oving dot s in  the

upper  r ight  corner  of the screen  indica t ing tha t  the ca lcu la tor  is busy working.

Go back to Y=.  P ress the le ft  arrow  key to move the cursor  over  the fir st  equa l sign .  P ress the

1ENTER  key once to "deselect " Y .  P ress the righ t  arrow  key to see more clea r ly tha t  the equa l sign

is no longer  h igh ligh ted.  P ress GRAP H  and observe on ly one funct ion  graph  (which  one?).  Although

1t he deselect ed Y  funct ion  is not  plot t ed, it  is st ill defined a nd can  be used a nd eva lua t ed from  the

Hom e Screen .

1Press Y=, h igh ligh t  the equa l sign  on  Y , press ENTER , and press GRAP H .  While graphing, press

the ENTER  key to pa use and resum e, or  the ON  key t o stop.  Observe the possible va lues of x and y

when you  use the arrow  keys to move the free-moving cursor .

CHANGE the viewing WINDOW t o make x va ry from  -2 (nega t ion  key, not  subt ract ion  key) t o 4 with  t ick

m arks every 1 un it  and to make y va ry from  -2 t o 10 with  t ick marks every 2 un it s.  GRAP H .  Wha t

is differen t  abou t  the va lues of x and y when  you  now use the arrow  keys to move the free-m oving

cursor?  The previous ZOOM ZDe c im al  h ad set  t he window va r ia bles so tha t  the pixel st eps a re 0.1

in  a ll direct ions.  Most  other  choices for  va lues of t he window va r iables lead to more awkward sizes

for  the pixel st eps.  TRACE  uses the pixel st eps for  x-coordina t es and com putes the funct ion  va lues

for  y-coordina tes.  CALC va lu e  a llows you  to type in  wha t ever  x-coordina t e you  wish  and computes

the funct ion  va lue to give the y-coordina te.  Exper im ent  with  t rying differen t  va lues of the window

var iables and using TRACE  and CALC va lu e .

ZOOMING is a  shor t cut  t o m a kin g cer t a in  kinds of changes in  the va lues of the window va r iables.

Choose ZOOM ZDe c im al  t o set  the pa r t icu la r ly n ice va lues for  t he window va r iables.  We can  a lso

zoom  in  and ou t  from  wha tever  is our  cur ren t  viewing window.  To set  zoom in g factors press the

ZOOM key, the righ t  arrow  key t o h igh ligh t  MEMORY, and the 4  key to choose Se tFac tors .  Change

both  the XFact  and Y Fact  va r iables to have the va lue 2  inst ead of 4.



0ZOOM IN: Press the ZOOM key, pr ess the 2  key to choose Zoom  In , pr ess the ENTER  key to accept  the

or igin  as the zoom  cen ter , and when  graph ing is fin ished press the CLEAR  key t o st op fu r t h er

zoom ing.  Use the arrow  keys to m ove the free-moving cursor , and observe tha t  the pixel st eps of

0.05 a re exact ly ha lf of the previous 0.1 pixel st eps.  Tick m arks appear  fa r t her  apar t  on  the screen ,

bu t  actua lly represent  the sa m e num er ica l distance as before the zoom .  Press WINDOW and not ice

tha t  zoom ing has m ult iplied t he previous min  and max va lues by ½ bu t  ha s not  changed the sca le

va lues for  t ick  marks.  Change the sca le va lues to .5, and view the GRAP H .

ZOOM OUT: Press ZOOM and choose Zoom  Ou t .  Use the arrow  keys to m ove t h e m ove the free-

m oving cursor  to the poin t  .  P r ess the ENTER  key t o zoom  ou t  cen tered on  th is poin t .

Observe how t he a xes a re off-cen ter .  When  the graphing is fin ished, press ENTER  aga in  to zoom  out

aga in  on  t he sa m e poin t .  F ina lly, press CLEAR  to stop fu r ther  zoom ing.  In  WINDOW, change both

sca le va r iables to 2, and press GRAP H .

ZOOM BOX: An a lt erna te method of zoom ing in  is to form  a  rect angu la r  box to be the new viewing

window.  Let 's apply th is method to zoom  in  on  the poin t  of in t er sect ion  of our  two exam ple funct ion

graphs.  Choose ZOOM ZBox .  Use the arrow  keys t o m ove t he free-moving cursor  to any corner  of

the new viewing r ect angle desired.  P ress the ENTER  key.  Then use the arrow  keys aga in  to move

the cursor  to the opposit e corner  of tha t  rect angle, and press ENTER .  Keep m aking new rect angle

select ions repea tedly un t il t he x- and y-coordina t es of t he cu rsor  do not  cha nge in , say, t he fift h

decim a l place when  the cursor  is moved one pixel st ep in  each  direct ion .  Wr it e down (using comm a

and pa ren theses) the in t er sect ion  poin t  with  coordina tes rounded to four  decima l places.  F ina lly,

press CLEAR  t o stop fu r ther  zoom ing. Answer:  (0.8614, 0.9084)

N ote 1: None of the zoom in g com m a n ds a ffect  the sca le va lues, tha t  is the num er ica l dist ances

between  t ick marks on  the axes.  Aft er  you  have zoom ed in  a nd/or  ou t  to obta in  the viewing window

you desire, you  may then  want  to press WINDOW and en ter  su it able va lues for  Xscl and Y scl.  You

m ay a lso wish  t o "clean  up" the va lues of Xm in , Xm ax, Y m in , and Y m ax.  P ress GRAP H  to view the

resu lt s.

N ote 2: If you  wish  gr id dot s displayed with in  the viewing window, choose WINDOW FORMAT (use

righ t  arrow  key).  Then  use arrow  keys to h ighligh t  GridOn  wit h  the fla sh in g r ect angle, and

press ENTER .  F ina lly, press GRAP H  t o see the resu lt .  WINDOW FORMAT can  a lso be used to tu rn  off

the gr id dot s and make other  changes in  how the viewing window looks.
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    #4:  Form u la  Table s  an d  Data  P lo ts  on  a  TI-82  Ca lcu la tor

The purpose of handout  #4 is for  you  to lea rn  how to use

form ula  t ables, da t a  t ables, and da ta  plot s.  Our  two exa m ple

exponen t ia l funct ions have form ulas  a n d 

.  You  should pr ess the Y= key and en ter  these

formulas for  Y1 and Y2 a s befor e.  The exa m ple da ta  t able is

given  to the r igh t .  We will en ter  th is da t a  in to the ca lcu la tor

a ft er  we lea rn  how to use a  form ula  t able.

x y

-2

-1

 0

 1

 2

 3

 4

3.05

2.55

1.94

1.64

1.25

1.07

0.84

FORMULA  TABLE setup is st a r t ed by pressing the TblSe t  key (blue label on  the WINDOW key).  En ter

0  for  the va lue of T blMin  t o begin  the va lues of the independent  va r iable X  in  the t able and 1  for

the va lue of )T bl, t o give the st ep size for  X .  (Leave Indpnt  and Depend  a s "Auto".)  Now press the

TABLE  key (blue label on  GRAP H  key) to view a  t able of va lues for  the funct ions select ed a nd defined

by the given  form ulas.  Use the arrow  keys in  a  na tu ra l way to scroll th rough  the table.  Not ice tha t

a  more precise va lue of the h igh ligh ted en t ry appea rs a t  the bot tom  of the screen.

P ress TblSe t  aga in .  Change the st a r t ing va lue of X  t o -2 and the step size to 0.1.  P ress TABLE

t o view the table.  Use a ll of the arrow  keys to explore the new t able.

DATA  TABLE ent ry is st a r t ed by pressing the STAT key and choosing Ed it .  E a ch  colum n in  t h e t able

is a  list  of da ta  va lues for  som e va r ia ble.  E n t er  t h e "x" da ta  va lues from  the exa m ple da ta  t a ble

1above in to the "L " colum n on  the ca lcu la t or .  P ress the ENTER  or  dow n  arrow  key t o go to the next

2va lue.  P ress the righ t  arrow  key to go to the "L " colum n, and en ter  the "y" da t a  va lues from  the

exam ple da ta  t able above.  Use arrow  keys t o move to any en t ry you  wish  to correct .  While you  a re

edit ing an  individua l ent ry, the CLEAR , DEL, and INS  keys work a s t hey have in  the pa st .  If an  ent ry

is h igh ligh ted and you  have not  st a r t ed to edit  the en t ry, the DEL key r em oves tha t  en t ry from  the

list  and pushes others below it  up.  P ressing the INS  key will inser t  a  zero (which  can  be edit ed) and

push  other  en t r ies down the list .  Exper iment  with  the edit ing fea tu res un t il you  a re com for t able

with  how they work.  It  is im por ta n t  to rem em ber  tha t  a ll of the num bers in  a  da t a  t a ble a re there

by individua l en t ry, not  from  a  form ula  ca lcu la t ion .



PLOT THE DATA from  the da ta  t able a s follows:

1. Deselect  a ll of the funct ions defined by form ulas under  Y=.  You  may do th is eit her  sepa ra t ely

for  ea ch  funct ion  (by rem oving t he h igh ligh t  on  t he equa l signs a s in  a n  ea r lier  ha ndout ) or  a ll

a t  once by choosing Y-VARS  On /Off Fn Off and pressing the ENTER  key.  (If you  do not  see the

word "Done" on  the screen, pr ess ENTER  aga in .)

2. P ress the STATP LOT key (blue label on  the Y= key), and choose P lot1 .  P ress ENTER  t o select

On .  If not  a lready h igh ligh ted, the following opt ions shou ld be select ed:

T ype: fir st  icon  for  unconnected da t a  poin t s

1Xlist: L

2Y list: L

Mark : Q

3. Press ZOOM, and choose Zoom Stat  (arrow  down to opt ion  9) t o au tom a t ica lly set  a  viewing

window tha t  includes a ll of the da ta  poin t s.  P ress WINDOW, en t er  su it able sca le va lues, and

m odify the other  win dow va r iables as desired.  For  exam ple, change va r iables Y m in  t o 0  and

Y m ax t o 3.5 .  P ress GRAP H  t o view the da ta  in  your  new window.  Not ice tha t  t he graph  of the

da ta  looks som ewha t  like a  decreasing exponen t ia l funct ion .

MODEL THE DATA using a  funct ion  defined by a  form ula .  You  can  use t r ia l and er ror  t o det erm ine

possible va lues for  the param eters a  and b in  the fam ily of exponen t ia l funct ions with  form ula   

so tha t  the graph  of t he funct ion  fit s t he da ta  poin t s a s best  a s you  can  m ake it .  The specific form ula

should be en tered a s one of the select ed Y= funct ions.  For  exam ple, s t a r t  by en ter ing the formula

2.1 × 0.7 ^ X for  the funct ion  Y3.  View the GRAP H  t o see how well th is specific model fit s t he given  da ta .

Modify the va lues of the pa ram eters a  and b t o t ry to get  a  bet t er  fit .

TURN OFF THE DATA PLOT by pressing the STATP LOT key, choosing P lotsOff, and pressing the

ENTER  key.  (If you  do not  see the word "Done" on  the screen , press ENTER  aga in .)

IMP ORTANT:  BE SURE YOU TURN OFF THE D ATA P LOT

WHEN YOU FINISH THIS SECTION.

N ote:  A fam ily of funct ions can  be graphed using a  list  for  the para m eter .  F or  exam ple, graph  the

fam ily  by en ter ing Y1=  X ^ { .5, 1, 1.5, 2 }           ({ } a re blue labels on  pa ren thesis keys.)

8-6-04  def



#5:  Le ft  an d  Righ t Sum s on  a  TI-82  Ca lcu la tor

The purpose of handou t  #5 is to im plem ent  the computa t ion  of left - and r igh t -hand sum s on  the

ca lcu la tor .  Suppose we wish  t o est im a te t he a rea  under  t he gra ph  of  over  t he in t erva l from  x=a  t o

x=b by form ing the appropr ia t e left -hand and r igh t -hand sum s for  va r ious va lues of n .  For  any choice

of n , the increm ent  in  x would be , and the equa lly spaced va lu es of x would be

.      

Given  , a , b, and a  choice for  n , the left - and r igh t -hand sum s, L  and R , m a y be wr it t en : 

 

Not ice tha t  the on ly dissimila r ity between  the left -hand sum  a nd t he r igh t -hand sum  is in  the lower  and

upper  lim it s of sum m at ion .  F ina lly, a s the va lue of n  becomes a rbit ra r ily la rge, the va lues of L  and R

bot h  a pproa ch  t he a rea  under  t he gra ph  of t he funct ion   over  t he in t erva l            .

To im plem ent  the com put a t ion  of left -ha nd sum s on  t he ca lcu la tor , we will wr it e a  progra m , t ha t

is, a  list  of t he st eps for  t he ca lcu la tor  t o do.  We need to t ype t he program  in to the ca lcu la tor  on ly once.

Then  to compute a  left -hand sum , we define th e pa r t icu la r  funct ion  and request  the ca lcu la tor  to

per form  the program  st eps ("execute the program ").  We can  sim ila r ly im plem ent  the computa t ion  of

r igh t -hand sum s.  A br ief outline of the program  we will crea t e la t er  is a s follows:

a . P rom pt  for  va lues of the param eters a , b, and n .

b. Com pute the increm ent , .

c. Sta r t ing with  a  sum  of zero, repea tedly add each  new product   to the previously

a ccum ula ted sum .

d. Display the fina l sum .

CREATE NEW PROGRAMS by typing program  inst ruct ions in to the ca lcu la tor :

1. P ress the P RGM key, h ighligh t  NEW, and press the ENTER  key to crea t e a  new program .

2. Type in  the nam e of your  program  (LHS ), and press the ENTER  key.  (Not e tha t  the fla sh ing

cursor  is set  in to the ALP HA mode so you  can  just  press t he keys cor responding to t he let t er s in

the program  nam e.)



3. Type in  the program  it self using the key-press h in t s given  in  pa ren theses.  P ress the ENTER  key

a t  the end of each  line.  Remember  to press the ALP HA key to type an  a lphabet ic let t er .  The

com m a  (,) key is just  above the 7  key.  If you need to make cor rect ions, use the INS , DEL, and

arrow  keys in  the na tu ra l wa y.

P rom pt A , B  , N (P ress the P RGM key, h ighligh t  I/O, and select  P rom pt .)

( B  ! A ) / N  6 H (P ress the STO< key to type "6".)

0 6 L (L will be the accum ula ted sum  of product s, in it ia lly set  to 0.)

F or( I , 0 , N  ! 1 ) (P ress the P RGM key, h ighligh t  CTL, and select  For( opt ion .)

L + Y1 ( A + I * H ) * H 6 L (Use 2n d  Y-VARS  Fu n ction  Y1 to type Y1.)

En d (P ress the P RGM key, h ighligh t  CTL, and select  En d .)

Disp  L (P ress the P RGM key, h ighligh t  I/O, and select  Disp .)

Stop    (P ress the P RGM key, h ighligh t  CTL, and use ? key to select  Stop .)

4. When you  have fin ished t yping in  the program , press the 2n d  QUIT key.

5. To type in  t he program  for  com put ing r igh t -hand sum s, repea t  the inst ruct ions in  steps 1-4.  Use

RHS  for  the nam e, replace "L" by "R" everywhere, and change the For  st a t emen t  to:

F or( I , 1 , N  )

6. If you  need to m odify a  program  a ft er  you  have typed it  in to the ca lcu la tor , pr ess the P RGM key,

h ighligh t  EDIT, and select  the program  you  wa nt  to modify.  Use the INS , DEL, and arrow  keys

in  the na tu ra l way to help you  m ake any changes.  When  you  a re fin ished, press 2n d  QUIT key.

EXECUTE PROGRAMS LHS and RHS to approxim a te, for  exam ple, the a rea  under  the graph  of

 over  the in t erva l from   x = 1  t o  x = 3,  using  n  = 100  subdivisions:

1. Enter  t he form ula   a s t h e Y1 funct ion .  Rem em ber  tha t  LHS and RHS were wr it t en  to use

on ly the Y1 funct ion .

2. P ress the P RGM key, h igh ligh t  EXEC, a nd select  the LHS  program .  Press the ENTER  key to

execu te the program  from  the Hom e Screen.

3. Enter  the va lues 1 , 3 , and 100  (one va lue a t  each  qu est ion  ma rk) for  the va lues of the

param eters a , b, and n .

4. Wa it  un t il the ca lcu la t ion  is Don e .  (Answer  shou ld be 19.7408.)

5. Repea t  st eps 2-4 to com pute the cor responding RHS.  (Answer  shou ld be 20.2608.)

6. E nt er  t he form ula  ( L + R ) / 2  on  the Hom e Screen  to com pu t e t h e average of the left - and

r igh t -hand sum s.  (Answer  shou ld be 20.0008.)
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#6:  Calcu lu s  Fe atu re s  on  a  TI-82  Calcu lator

In  a d d it ion  t o t h e  op er a t ion s  t h a t  w e h a ve p r eviou s ly lea r n ed  (see  ea r lier  h a n d ou t s ), t h er e  a r e  som e

p ow er fu l fea t u r es  on  a  T I -82  ca lcu la t or  t h a t  p r ovid e  sh or t cu t s  t o va r iou s  ca lcu lu s  ca lcu la t ion s .  T h er e  a r e

t w o m a jor  w a ys  t o ca r r y ou t  m os t  of t h ese ca lcu la t ion s :

a . C om m a n d s  execu t ed  fr om  t h e h om e scr een  or  in clu d ed  in  Y=  fu n ct ion  d efin it ion s , a n d

b. In t er a ct ive  ca lcu la t ion s  on  t h e  gr a p h in g scr een .

C on su lt  you r  TI -82  ca lcu la t or  m a n u a l for  fu r t h er  d et a ils  of t h e  fea t u r es  d iscu ssed  below .

1 2F or  t h is  h a n d ou t , d efin e  exa m p le  fu n ct ion s   a n d   a s  Y  a n d  Y ,

r esp ect ively.  G r a p h  bot h  fu n ct ion s  u s in g ZO O M  ZD e c im a l .  U se  Í a n d  Ì  t o ch a n ge t h e  va lu e of x .  Type

or  key-press it em s in  bold .

1 . E v a lu a te a  fu n ct ion .  F or  exa m p le , com p u t e  f(1 .6183) a n d  g (1 .6183).    (An s : -1 .11853  a n d  1 .2183)

1 2H om e S cr een : E n t er  Y (1 .6 1 8 3 )  a n d  Y (1 .6 1 8 3 )  a s  w e d id  in  a n  ea r lier  h a n d ou t .

In t er a ct ive : C A L C  v a lu e  E va l X = 1 .6 1 8 3 U se Î  a n d  Ï  t o sw it ch  fu n ct ion s .

N ot es : T R A C E  gives  fu n ct ion  eva lu a t ion , bu t  on ly a t  p ixel-ba sed  va lu es  of x .

T A B L E  p r ovid es  a n ot h er  w a y t o eva lu a t e  fu n ct ion s .

2 . F in d  z eros  of  a  fu n ct ion .  F or  exa m p le , t h e  fir s t  of t h r ee  zer os  of  lies  bet w een  -1  a n d  0  a t  a bou t

-0 .5  for  x .

1H om e S cr een : M A T H  s o lv e (Y , X, -.5 ) S ee x  =  -0 .8100379292  is  a  zer o of .

U se (2 n d ) E N T R Y , a n d  ed it  t h e  "solve" com m a n d  t o fin d  t h e  ot h er  t w o zer os .

N ot e : I t  is  som et im es  a d visa ble  t o sp ecify  low er  a n d  u p p er  bou n d s  bet w een  w h ich  lies

1exa ct ly  on e zer o for  t h e  fu n ct ion :    M A T H  s o lv e (Y , X, -.5 , {-1 ,0 } )

1In t er a ct ive : C A L C  r o o t U se Î  a n d  Ï  t o se lect  fu n ct ion  Y  (see  u p p er  r igh t  cor n er ).

Low er B ou n d ? x= -1    U p p er B ou n d ? x= 0    G u ess? x= -.5  (ot h er  va lu es  p oss ib le)

S ee  r oot  va lu e  x  =  -0 .810379  a s  a  zer o of .

3. F in d  in tersect ion  p oin ts  of  tw o gra p h s .  F or  exa m p le , t h e  fir s t  of t h e  t h r ee  in t er sect ion  p oin t s  of  

a n d   is  a t  a bou t  -1  for  x .

1 2H om e S cr een : M A T H  s o lv e (Y !Y , X, -1 ) S ee x  =  -0 .9873808184  a t  t h e  in t er sect ion  p oin t .

1Y (A N S ) S ee y  =  -1 .387380818   a t  t h e  in t er sect ion  p oin t .

In t er a ct ive : C A L C  i n t e r s e c t   E N T E R  t o se lect  fir s t  a n d  secon d  cu r ves .  G u ess? x  =  -1

N ot e: R ep ea t ed  u se  of T R A C E  a n d  ZO O M  (a s  w e d id  in  ea r lie r  h a n d ou t ) is  a  m u ch  lon ger

p r ocess  for  fin d in g zer os  of a  fu n ct ion  a n d  in t er sect ion  p oin t s .



4 . F in d  loca l  m a xim a  a n d  m in im a  of  a  fu n ct ion  on  a n  in terv a l .  F or  exa m p le , fin d  t h e  s in gle  loca l

m a xim u m  or  s in gle  loca l m in im u m  of t h e  fu n ct ion   on  t h e  in t er va l [1 ,3], if t h er e  is  on e .

1H om e S cr een : M A T H  fM a x (Y , X, 1 , 3 )      S ee  3  (r ou n d ed ) a s  va lu e of x  m a k in g  la r ges t .

1Y (AN S )           S ee  2 .5  (r ou n d ed ) a s  t h a t  m a xim u m  va lu e of .

1In t er a ct ive : C A L C  m i n i m u m     U se  Î  a n d  Ï  t o se lect  fu n ct ion  Y  (see  u p p er  r igh t  cor n er ).

Low er B ou n d ? x= 1    U p p er B ou n d ? x= 3    G u ess? x= 2 .5  (ot h er  va lu es  p oss ib le)

S ee x  =  2  (r ou n d ed ) a n d  y  =  -1 .5  a t  m in im u m  p oin t  for   over  in t er va l [1 ,3 ].

5 . F in d  a n d  gra p h  th e d er iv a t iv e of  a  fu n ct ion .  F or  exa m p le , com p u t e  f  N(2 .5 ) a n d  gr a p h  f  N(x ).

1H om e S cr een : M A T H  n D e r iv (Y , X, 2 .5 )      S ee  3 .750001  a s  a p p r oxim a t e  va lu e of .

N ot e: n D er iv u ses  a  cen t r a l d iffer en ce  qu ot ien t  w it h  0 .001  a s  t h e  va lu e of h .

1M A T H  n D e r iv (Y , X, 2 .5 , 0 .0 0 0 5 )   is  3 .75000025  w it h  0 .0005  a s  va lu e of h .

3 1 1 2 3Y=  S cr een : D efin e  Y = M A T H  n D e r i v (Y , X, X)   a n d  ZO O M  ZD e c im a l  t o gr a p h  Y , Y , Y .

3 3Y  ca n  be u sed  a s   for  com p u t a t ion  a n d  gr a p h in g.  N ow  d eselect  Y  in  Y= .

1In t er a ct ive : C A L C  d y /d x U se Î  a n d  Ï  t o se lect  fu n ct ion  Y  (see  u p p er  r igh t  cor n er ).

x= 2 .5 S ee 3 .750001  a s  a p p r oxim a t e  va lu e of d y/d x a t  given  p oin t .

N ot e: Th e in t er a ct ive  m et h od  for  d er iva t ives  is  r es t r ict ed  t o p ixel-p oin t  va lu es  for  x .

6 . F in d  th e d ef in i te in tegra l  of  a  fu n ct ion  ov er  a n  in terv a l .  F or  exa m p le , com p u t e  .

1H om e S cr een : M A T H  fn In t (Y , X, .2 , 2 )   a n d  see  0 .5076  a s  t h e  va lu e of t h e  d efin it e  in t egr a l.

1In t er a ct ive : C A L C      U se  Î  a n d  Ï  t o se lect  fu n ct ion  Y  (see  u p p er  r igh t  cor n er ).

Low er L im it ? x= .2    U p p er L im it ? x= 2 (R es t r ict ed  t o p ixel-p oin t  lim it s )

S ee  0 .5076  a s  va lu e  of in t egr a l.  N ot e  t h e  cor r esp on d in g s ign ed  a r ea  is  s h a d ed .

7 . D ra w  on  th e gra p h in g screen .

2U se (2 n d ) D R A W  C lr D r a w   E N T E R  t o clea r  a n y p r eviou s  d r a w in gs .  D eselect  Y  in  Y= .

1D R A W  D r a w F  Y  !  2     w ill p r ovid e a  t em p or a r y gr a p h  of .  (C lr D r a w  w h en  d on e.)

1D R A W  D r a w In v  Y w ill m a k e t em p or a r y gr a p h  of in ver se  r e la t ion  for  .  T h is  exa m p le

in ver se  r e la t ion  is  n ot  a  fu n ct ion  s in ce  is  n ot  in ver t ib le .      (C lr D r a w  w h en  d on e.)

8 . D ra w  ta n gen t  l in es  to gra p h  of  a  fu n ct ion .  F or  exa m p le , d r a w  t h e  t a n gen t  lin e  t o t h e  gr a p h  of f  (x )

a t  x  =  2 .2  .  B e su r e  t h a t  on ly f  (x ) is  s e lect ed  on  t h e  Y=  scr een .

1H om e S cr een : D R A W  T a n g e n t (Y , 2 .2 )            (C lr D r a w  w h en  d on e.)

G r a p h in g S cr een : D R A W  T a n g e n t ( U se Í a n d  Ì  t o se lect  x= 2 .2  a n d  p r es s  E N T E R .
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#7:  D iffe re n tia l Equ ation s  on  a  TI-82  Ca lcu la tor

The purpose of handout  #7 is to im plem ent  graph ing the slope field of a  differen t ia l equa t ion  and

sketch ing a n  a pproxim a te solu t ion  curve using E uler 's method.  The program s for  graph ing a  slope field

and for  using Euler 's method may either  be typed in to you r  ca lcu la tor  by hand or  t ransfer red from

another  ca lcu la tor  by linking.  Type or  key-press it em s in  bold .

TRANSFER THE PROGRAMS BY LINKING

1. At t ach  the LINK cable to both  ca lcu la tors.  Be sure the cable is pushed in  very firm ly.

2. Turn  on  both  ca lcu la tors, and press 2n d  LINK on  ea ch .  On the "dest ina t ion" ca lcu la tor , pr ess

the righ t  arrow  key and ENTER  t o be ready and waiting... t o Re ce ive  t he program s.

3. On the "source" ca lcu la tor , select  SEND  with  Se le c tCu rre n t , h igh ligh t  the desired program

nam e(s), and press ENTER  t o select  each  one desired.  Those it em s selected for  t ransm ission  a re

m a rked wit h  a  O.  P ress the righ t  arrow  key and ENTER  t o TRANSMIT.

EXECUTE THE PROGRAMS

0. F ir st  be sure your  ca lcu la tor  ha s the program , either  t ransfer red by linking (descr ibed a bove)

or  typed in  (descr ibed below).

1. In  the window -4 # x # 4 and -3 # x # 3, let 's use the exam ple differen t ia l equa t ion  

12. Press Y= a nd en ter  t he expression  X + Y for  the Y .  Press WINDOW and en ter  t he appropr ia t e

va lues for  the x and y in t erva ls, using a  sca le va lue of 1 in  each  direct ion .

3. P ress the P RGM key, h ighligh t  EXEC, and select  the SLOP EFLD  program .  P ress the ENTER  key

to execu te the program  from  the Hom e Screen.

4. Watch  the slope field being graphed.  When  fin ished, press 2n d  QUIT.

5. P ress the P RGM key, h ighligh t  EXEC, and select  the EULER  program .  Press the ENTER  key to

execu te the program  from  the Hom e Screen.

6. Type 1  and ENTER  a t  the fir st  prom pt  t o keep t he plot t ed slope field in  the viewing window.

E n t er  -1  for  t h e in it ia l va lue of x and .2  for  the in it ia l va lue of y.  En ter  2  t o graph  a  solu t ion

curve in  both  direct ions from  the in it ia l poin t .  When fin ished, pr ess 2n d  QUIT.

7. P ress the ENTER  key to repea t  the Euler  program , type 0  a t  the fir st  prom pt  to clea r  the viewing

window, and use the sam e in it ia l poin t  to make a  graph in  both  dir ect ions.  2n d  QUIT.

8. Withou t  clea r ing t he viewing window, r epea t  t he E uler  program  severa l t im es u sing differen t

in it ia l poin t s and choices for  the direct ion(s) to graph  from  the in it ia l poin t .



TYPE IN THE PROGRAMS

1. The slope field program  is a dapted from  a  program  by Ma rk H owell t ha t  a ppea rs on  page 113

of T echnology R esource Manual for Calcu lus by F inney, Thom as, Dem ana , and Wait s.

2. See handout  #5 for  genera l inst ruct ions on  crea t ing new program s on  the TI-82.

3. Som e of the new key-press combina t ions a re:  For  Fn Off, use 2n d  Y-VARS  On /Off.  For

ClrDraw , use 2n d  DRAW.  For  DispGrap h  a n d In p u t , u se P RGM  I/O.  For  Lbl , Goto , If,

Wh ile , use P RGM  CTL.  For  <, >, and =, use 2n d  TES T.  For  Xm in , Xm ax , Ym in , Ym ax , and

)X, use VARS  Win dow .  For  Lin e , use 2n d  DRAW.  For  abs , use 2n d  ABS .

SLOPE FIELD PROGRAM  (SLOP EFLD )

14 6 L

18 6 W

( Ym ax ! Ym in  ) / L 6 V

( Xm ax ! Xm in  ) / W 6 H

Fn Off

ClrDraw

DispGraph

0 6 R

Ym in  + V / 2 6 Y

Lbl  1

R + 1 6 R

0 6 C

Xm in  + H / 2 6 X

Lbl  2

C + 1 6 C

1Y  6 M

- M * H / 2 + Y 6 S

M * H / 2 + Y 6 T

X ! H / 2 6 P

X + H / 2 6 Q

If abs  ( T ! S  ) > V

Goto   3

Lbl  4

Lin e  ( P  , S  , Q , T )

X + H 6 X

If C < W

Goto   2

Y + V 6 Y

If R < L

Goto   1

Stop

Lbl  3

Y + V / 2 6 T

Y ! V / 2 6 S

( T ! Y ) / M + X 6 Q

( S  ! Y ) / M + X 6 P

Goto   4

EULER'S METHOD PROGRAM  (EULER)

Disp   " TO  CLEAR  WINDOW "

In pu t  " ENTER  0 :  " , C

If  C = 0

ClrDraw

Fn Off

In pu t  " INITIAL  X :  " , P

In pu t  " INITIAL  Y :  " , S

Disp   " 1  LEFT ,  3  RIGHT , "

In pu t  " 2  BOTH :  " , C

If  C < 2

Goto   2

P  6 X

S  6 Y

Wh ile   X < Xm ax

X + )X 6 Q

1Y + Y  * )X 6 T

Lin e  ( X , Y , Q , T )

Q 6 X

T 6 Y

En d

Lbl  2

If  C > 2

Goto   4

P  6 X

S  6 Y

Wh ile   X > Xm in

X ! )X 6 Q

1Y ! Y  * )X 6 T

Lin e  ( X , Y , Q , T )

Q 6 X

T 6 Y

En d

Lbl  4

DispGraph

Stop

8-6-04  def
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