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1.
Computer Algebra System: What is computer algebra system (symbolic computing)?
Computer algebra system is able to solve elementary scientific problems.some features of Maple aresolving for roots of equations,derivatives of functions,contour & 3D plots,unit conversion package,solving system of equations. 

Computer algebra system is a symbolic computation. Symbolic computatio is a computation with symbol representing mathematical objects including: interger, real and complex number, polynomial, derivatives, integrals system of equation, series expansion of function . 

2.
What are the differences between symbolic computing and numerical computing?

Numerical computation

-  Results most often not exact since floating point approximations used.

- Can change (using digits command) to maximum value.

- Computation carried out on numbers alone.

Symbolic computation

- For rational numbers, number of significant digits and maximum size number for exceed typical floating-point representation in the numerical computation.

-different from floating point representations

3.  What are the advantages of symbolic computing compared to the numerical computing?

The advantages of Symbolic Computation(Computer Algebra)-computation with symbols representing mathematical objects, including: integers, real & complex,polynomials,derivatives,integrals,system of equations,series expansions of functions.The objective is to obtain closed form,exact solutions,thousands of build in functions & many options for simplifying  expressions.

4.
Hierarchy of arithmetic operations: Use your own examples (at least three examples and execute them in maple) to prove which arithmetic operations are carried out first in Maple and if they are of equal priority, in which directions they are carried?   

Example 1:

> restart;
> 9+9-9+9-6;
[image: image1.wmf]12


> 

It simplify from left to right.

Example 2:

> restart;
> 8*9/4;
[image: image2.wmf]18


It simplify from left to right.

Example 3:

> 8/77*85/6*10;
[image: image3.wmf]3400

231


It simplify multiply and divide operation first then add and substract operation:

5. 
Using your own examples (one example each and execute them in maple) clearly bring out all the differences between the following maple symbols and commands:

a)
; and :

 If we use" ;" the result will be executed and it will be displayed. 

> k:=5+6;
[image: image4.wmf] := 

k
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if we use ":" the result will be executed but it will not be displayed

> k:=5+6:
b)
= and :=

> restart;
> h=5*x+9*y;
> 

> 

[image: image5.wmf] = 
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> subs(x=3,h);
[image: image6.wmf]h


> h:=5*x+9*y;
[image: image7.wmf] := 
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> subs(x=3,h);
[image: image8.wmf] + 
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The notation (:=) is used to call the equation that is declared before but the notation (=) cannot call the equation that is declared before.

c)
? and ???

> restart;
> ?evalf;
when execute this notation, the details about the dimensional plot of functions will appear.

> ???evalf;
when execute this notation,the dimensional plot of function with the Examples section are opened.

d)
expression and function 

Expression:

> restart;
> f:=13*x^3+150*x^2+12*x+3;
[image: image9.wmf] := 
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> f(2);
[image: image10.wmf] + 
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> x:=2;
[image: image11.wmf] := 
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> f;
[image: image12.wmf]731


he value of the expression can be assigning the value of 'x' in the first place.

Function:

> restart;
> f:=x->13*x^3+150*x^2+12*x+3;
[image: image13.wmf] := 
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> f(2);
[image: image14.wmf]731


The first example is expression which there is no variable on the left side. Then, the second example is funtion which these is variable on the left side and assigning a value to variable does not alter the definition.

e)
sum and add

> restart;
> add(9*x+20-4,x=5);

[image: image15.wmf]61


> sum(9*x+20-4,x=5);
[image: image16.wmf]61


> add(9*x+20-4,x=5..s);
Error, unable to execute add

> sum(9*x+20-4,x=5..s);
[image: image17.wmf] + 
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The symbolic summation operator sum, which evaluates this sum using quite sophisticated mathematics. The result is already turned to floating point.

Sum is a symbolic summation. It is used to compute a formula for definite or indefinite sum. If Maple cannot compute a closed form, Maple returns the sum 'unevaluated'. A typical example is sum (k, k=0…n=1), which returns the formula n^2/2-n/2. To add a finite sequence of values, rather than compute a formula, use the add command. The add function is used to add up an explicit sequence of values. For example, add (k, k…0.9) returns 45. Although the sum command can be used to compute explicit sum, it is recommended that the add command be used in programs if an explicit sum is needed. 

6.
Use of Help facilties in Maple:  Use the help commands in Maple and explain the use of three Maple commands (not discussed in the class) with your own examples. 

Example 1:

args[i] command.

Within a procedure, the special name args has as its value the expression sequence of actual arguments with which the procedure was called. 

Using the selection operation on this expression sequence, it follows that args[i] is the ith actual argument, and args[i..j] is the sequence of the ith through jth arguments. 

Within a procedure, the special name nargs has as its value the number of elements in the expression sequence args. 

Example:

A procedure to find the maximum of an arbitrary sequence of numbers could be written as: 

> maximum := proc () local r, i;

          r := args[1];

          for i from 2 to nargs do if args[i] > r then r := args[i] end if end do;

          r

end proc:
Example 2:

block command
Description

The block function will wait the specified amount of time, or forever if 0 is specified, for one of the specified pipe ends to have data for reading, or space for writing. 

The block function returns a list of those descriptors that have become ready. This list will usually contain only one descriptor. 

If no pipe end has become ready by the time the timeout period has elapsed, block returns FAIL. 

The command with(process,block) allows the use of the abbreviated form of this command.

Examples

> with(process);
[image: image18.wmf][

]

,

,

,

,

,

,

,

,

block

exec

fork

kill

launch

pclose

pipe

popen

wait


> fds := pipe();
[image: image19.wmf] := 
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> fprintf(fds[2],"Writing to pipe\n");
[image: image20.wmf]16


> if block(5,fds[1]) <> FAIL then

   readline(fds[1])

end if;
[image: image21.wmf]"Writing to pipe"


> close(fds[1]);

close(fds[2]);
Example 3:

kill command
Description

Kills one or more processes that were created with fork. 

This can be useful if several child processes were created to work in parallel, one has completed, and the rest are to be terminated. 

kill can also be used to kill other processes if one knows their process IDs. 

The kill function is only available on platforms that support true concurrent processing (for example, UNIX). 

The command with(process,kill) allows the use of the abbreviated form of this command.

Examples

> f := proc( )

    local pid;

    pid := process[fork]();

    if pid = 0 then

         do end do              # Child loops forever

    else

         process[kill](pid)     # Parent kills the child process

    end if

end proc:

f();
7.
Use of units and Scientific Constants: Select any three problems involving different types of units from your textbooks and carry out the complete calculations including the units using Maple.  State the problem fully and comment whether Maple gives the correct final answer along with appropriate units.  (Refer, but don't reuse the examples discussed in the class or in the help menu)

Example 1:

Molecular Weight

How many molecules of caffeine are in a 10 gram sample? The chemical formula for caffeine is C8H10N4O2.

> restart;
> with(ScientificConstants);
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> caffeineMole:=8*Element(C,atomicweight)+10*Element(H,atomicweight)+4*Element(N,atomicweight)+2*Element(O,atomicweight);
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The molecular weight is evaluate according to the default system of units SI. Therefore, this measures in kilograms (kg).

> evalf(caffeineMole);
[image: image24.wmf]0.3224612978
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To convert this form kilograms (kg) to atomic mass units (amu), using the convert / units function.

> convert(%,units,kg,amu);
[image: image25.wmf]194.1906000


This is mass per mole. To determine the number of moles in 10 gm sample.

> 10./%;
[image: image26.wmf]0.05149579846


To calculate the number of molecules,multiply the above result by Avogadro's Constant.

> %*evalf(Constant(N['A']));
[image: image27.wmf]0.3101150102
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Example 2:

How much does one billion dollar worth of gold take up?

> restart;
> with(Units[Natural]);
Warning, the assigned name polar now has a global binding

Warning, these protected names have been redefined and unprotected: *, +, -, /, <, <=, <>, =, Im, Re, ^, abs, add, arccos, arccosh, arccot, arccoth, arccsc, arccsch, arcsec, arcsech, arcsin, arcsinh, arctan, arctanh, argument, ceil, collect, combine, conjugate, convert, cos, cosh, cot, coth, csc, csch, csgn, diff, eval, evalc, evalr, exp, expand, factor, floor, frac, int, ln, log, log10, max, min, mul, normal, root, round, sec, sech, seq, shake, signum, simplify, sin, sinh, sqrt, surd, tan, tanh, trunc, type, verify
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Maple understand an astounding number of unit definitions, including currenncy. First, define the dollar value of gold.

> val:=10^9*USD;
[image: image30.wmf] := 

val

1000000000

[

]

USD


Define the cost per troy ounce (assume $268).

> costPerOz:=268.00*USD/oz[troy];
[image: image31.wmf] := 
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The density of gold is obtained from standard reference sources.Notice the automatic conversion to the base unit of the SI system.

> density:=19.3*g/cm^3;
[image: image32.wmf] := 
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the resulting mass for this amount of gold is then, 

> mass:=val/costPerOz;
[image: image33.wmf] := 
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Hence the value is 

> volume:=mass/density;
[image: image34.wmf] := 
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Example 3:

How far did you travel in 45 minutes giong 50 miles per hour? Express answer in meters and miles.

>                                               restart;
> with(Units[Natural]);
Warning, the assigned name polar now has a global binding

Warning, these protected names have been redefined and unprotected: *, +, -, /, <, <=, <>, =, Im, Re, ^, abs, add, arccos, arccosh, arccot, arccoth, arccsc, arccsch, arcsec, arcsech, arcsin, arcsinh, arctan, arctanh, argument, ceil, collect, combine, conjugate, convert, cos, cosh, cot, coth, csc, csch, csgn, diff, eval, evalc, evalr, exp, expand, factor, floor, frac, int, ln, log, log10, max, min, mul, normal, root, round, sec, sech, seq, shake, signum, simplify, sin, sinh, sqrt, surd, tan, tanh, trunc, type, verify
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> d:=50*mph*45*minutes;
[image: image37.wmf] := 

d

301752

5

[

]

m


> convert(d,units,mi);
[image: image38.wmf]75
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> evalf(d);
[image: image39.wmf]60350.40000
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8.
Find out the dimensions of three different physical properties using Maple.

> restart;
> with(Units);
Warning, the name Unit has been rebound
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> GetSystem(CGS);
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> GetDimension(force);
[image: image42.wmf]mass
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> GetUnit(British_thermal_unit);
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9.
Calculate the volume occupied by 1 kg of mercury at 25 C.

> restart;
> with(ScientificConstants);
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> GetElement(Hg);
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> mass:=1*kg;
[image: image48.wmf] := 
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> mass :=1*kg;T:=25*deg;
[image: image49.wmf] := 
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> density:=13.5336*kg/m^3;
[image: image51.wmf] := 
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> volume:=mass/density;
[image: image52.wmf] := 
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10.
Use Maple to calculate the number of water molecules in 1 g of liquid water.

> restart;

> with(ScientificConstants);
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> mass:=1*g;N[A]:=6.022e23;
[image: image54.wmf] := 
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> mH2O:=(2*1.0079)+15.9994;

[image: image56.wmf] := 
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> mol:=mass/mH2O;

[image: image57.wmf] := 
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> molecules:=mol*N[A];
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11. Determine whether  [image: image59.wmf] = 
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 is linear nor not? (Hint: solve for y, and comment)

> restart;
> eqn1:=(y+8)/(x-2)=x+6;
[image: image60.wmf] := 
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> y:=solve(eqn1,y);
[image: image61.wmf] := 
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> plot({-20+x^2+4*x},x=-infinity..infinity);
[image: image62.png]-infnity infiity




This graph show quadratic equation not linear equation.

12.
Show that z=1, y=2, x=3 are the solutions for x+2y-3z = 4.  (Hint: use subs)

> restart;
> h:=x+2*y-3*z=4;
> 

[image: image63.wmf] := 
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> subs(x=3,z=1,y=2,h);
[image: image64.wmf] = 
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13.  a) Solve the equations:  x - y = -3 and x + 2y = 3.  Plot these equations in the same graph.  Do these graphs cross each other?  What is the meaning of the point of intersection? 

> restart;
> f1:=x-y=-3;
[image: image65.wmf] := 
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> A:=solve(f1,y);
[image: image66.wmf] := 
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> f2:=x+2*y=3;
[image: image67.wmf] := 
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> B:=solve(f2,y);
[image: image68.wmf] := 
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> plot({A,B},x=-infinity..infinity);
[image: image69.png]-infnity infiity

infinity-




b) Plot the equations: y = -x - 3 and y = -x + 2.  From the graphs what can you say about the existence of solutions for this set of equation?

> A:=-x-3;
[image: image70.wmf] := 
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> B:=-x+2;
[image: image71.wmf] := 
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> plot({A,B},x=-infinity..infinity);
[image: image72.png]-infnity infiity

infinity-




c) Plot the equations: x + y = 1 and 2x + 2y = 2.  From the graphs what can you say about the existence of solutions for this set of equation?

> restart;
> f1:=x+y=1;
[image: image73.wmf] := 
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> A:=solve(f1,y);
[image: image74.wmf] := 
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> f2:=2*x+2*y=2;
[image: image75.wmf] := 
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> B:=solve(f2,y);
[image: image76.wmf] := 
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> plot({A,B},x=-infinity..infinity);
[image: image77.png]-infnity infiity
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14.
Solve the equations: 2x + y - 2z = 8, 3x + 2y - 4z = 15 and 5x + 4y - z = 1.

> restart;
> e1:=2*x+y-2*z=8;
[image: image78.wmf] := 
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> e2:=3*x+2*y-4*z=15;
[image: image79.wmf] := 
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> e3:=5*x+4*y-z=1;
[image: image80.wmf] := 
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> solve({e1,e2,e3},{x,y,z});
[image: image81.wmf]{

}

,

,

 = 

x

1

 = 

z

-4

 = 

y

-2


15.
Write any equation of your own and expand it using Maple.  Factorize and simply the result and show that it gives back the starting equation.

> restart;
> e1:=(x+2)*(y-23);
[image: image82.wmf] := 
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> expand(e1);
[image: image83.wmf] - 
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> factor(e1);
[image: image84.wmf](
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> simplify(e1);
[image: image85.wmf](
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> solve(e1);
[image: image86.wmf],
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16. Write any equation with three variables (x, y and z) and solve it using Maple.

> restart;
> e1:=2*x+5*y-6*z;
[image: image87.wmf] := 
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> e2:=4*x+7*y-3*z;
[image: image88.wmf] := 
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> solve({e1,e2},{x,y,z});
[image: image89.wmf]{
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