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Biomedical science


Assignment 5

1.
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?

> 3*5+(9-2);
[image: image1.wmf]22


The multiplication and parentheses are done first then both result is added.

> 7-3+2^2;
[image: image2.wmf]8


The exponentional is done first then subtraction.

> 24/4+2*2;
[image: image3.wmf]10


The division and multiplication are done first then both result is added.

2.
Building fractions: Write an equation of your own, in the fractional form as shown in the class.  Use minimum number of parenthesis only
.

> eqn1:=(1/2+5+4+3/2)-(2^3-1/4);
[image: image4.wmf] := 
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3. 
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 : 

b)
= and :=

c)
? and ???

d)
expression and function 

e)
sum and add

> with(Units);
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> with(Units):
a) if we used this symbol ; our command will be expressed while if we used this symbol : our command will not be expressed.Execution groups are the fundamental computation elements in the worksheet. Their primary purpose is to combine one or more Maple commands and their results into a single re-executable unit.
> eqn(b)=2+3;
[image: image6.wmf] = 
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> eqn(b):=2+3;
[image: image7.wmf] := 
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b) The = command indicates a temporary assigning symbol meaning that it only works in a specific line. After we move to another line, the command will not be valid and computed while := command is an external assigning symbol. It means that it will work in the whole worksheet, until the value is changed or " restart; ". Command is excecuted after the permanent assigning symbol.

> ?;
> ???;
c) when we use single question mark (?) it will expand and open every sections in segment separator while if we use triple question marks (???) it will cause the topic to open with the Example section (if any) expanded and other sections contracted.

> expressionf:=x^2-3*x;
[image: image8.wmf] := 
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> x:=4;
[image: image9.wmf] := 
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> f;
[image: image10.wmf]f


> g:=1/x;
[image: image11.wmf] := 
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> x:='x';
[image: image12.wmf] := 
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> g:=1/x;
[image: image13.wmf] := 
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> functionf:=x->x^2-3*x;
[image: image14.wmf] := 
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> f(4);
[image: image15.wmf](
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> g:=x->1/x;
[image: image16.wmf] := 
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> g(4);
[image: image17.wmf]1
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d) expression doesn't need syntax (->) while function required syntax(->) and it closely to mathematical representation.

> sum=5+5;
[image: image18.wmf] = 

sum
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> add=5+5;
[image: image19.wmf] = 

add
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e) sum is symbolic summation operator which evaluates this sum using quite sophisticated mathematic while add is a command used to add up an explicit sequence of values.

4.
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. 

 (a) Power- inert power function
Calling Sequence
     Power(a, n)

Parameters
     a - multivariate polynomial

     n - non-negative integer

Description

· The Power function is a placeholder for representing a^n. It is used in conjunction with either mod or modp1. 

· The call Power(a, n) mod p computes a^n mod p. The multivariate polynomial a must have rational coefficients or coefficients from a finite field specified by RootOfs. 

· The call modp1(Power(a, n), p) also computes a^n mod p. The polynomial a must be in the modp1 representation and p must be a positive integer. 

· Power is also equivalent to the infix operator &^ as shown in the examples. 

Examples
> Power(x+1,3)mod 2;
[image: image20.wmf] + 
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> Power(x+2,4)mod 3;
[image: image21.wmf] + 
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(b) stats[describe,median] - Median of a Statistical List
Calling Sequence
     stats[describe, median](data, gap)

     describe[median](data, gap)

Parameters
     data - statistical list

     gap  - (optional) The common size of gaps between classes.

Description

· The function median of the subpackage stats[describe, ...] finds the item in data that correspond to the median. 

· The median of a sorted list of numbers is either the middle value or the arithmetic mean of the two middle values. If the requested median falls between entries, it is interpolated. 

· The median is a measure of central tendency. The description for the mean provides more information about such measures. The median is used to find a typical value of the given data when the extreme values are not representative of the rest of the data. It corresponds to the 50th percentile of the data. 

· Missing data are ignored. 

· For information about the parameter gap, see describe[gaps]. 

· The data must be numeric. 

· The command with(stats[describe],median) allows the use of the abbreviated form of this command.

Examples
> with(stats):
the median number is 1,2,4,6,8,11,13,17 and 22

> describe[median]([1,2,4,6,8,11,13,17,22]);
[image: image22.wmf]8


the median number is 23,30,33,35,47,76 and 99

> describe[median]([23,30,33,35,47,76,99]);
[image: image23.wmf]35


(c) Product - definite and indefinite product
Product - inert form of product
Calling Sequences

     product(f, k)  product(f, k = m..n)  product(f, k = alpha) product(f, k = expr)

     Product(f, k)  Product(f, k = m..n)  Product(f, k = alpha) Product(f, k = expr)

Parameters
     f     - expression

     k     - name, the product index

     m,n   - integers or arbitrary expressions 

     alpha - RootOf

     expr  - expression not containing k
Description
· The product command is for computing ``symbolic'' products. It is used to compute a formula for an indefinite or definite product. If a formula cannot be computed, Maple returns the product ``unevaluated''. A typical example would be product(x+k, k=0..n-1) which returns the formula GAMMA(x+n)/GAMMA(x). If you want to multiply a finite sequence of values, rather than compute a formula, use the mul command. For example mul(x+k, k=0..2) returns x*(x+1)*(x+2). Although the product command can be used to compute explicit products, the mul command should be used in programs for explicit products. 

· The call product(f, k) computes the indefinite product of f(k) with respect to k. That is, it computes a formula g such that g(k+1)/g(k) = f(k) for all k. 

· The call product(f, k = m..n) computes the definite product of f(k) over the given range m..n, that is, it computes f(m) f(m+1) ... f(n). The definite product is equivalent to g(n+1)/g(m) where g is the indefinite product. For example, product(n,n) = product(k, k=1..n-1) = GAMMA(n). 

· If m = n+1 then the value returned is 1. If m > n+1 then 1/product(f, k=n+1..m-1) is the value returned. 

· The call product(f, k= alpha) computes the definite product of f(k) over the roots of a polynomial where alpha must be a RootOf. 

· The call product(f, k= expr) substitutes the value of expr for k in f. 

· If Maple cannot find a closed form for the product, the function call itself is returned. (The prettyprinter displays the product function using a stylized product sign.) 

· The capitalized function name Product is the inert product function, which simply returns unevaluated. The prettyprinter understands Product to be equivalent to product for printing purposes but formats the product symbol in black to visually distinguish the inert case. 

Examples

> product( k^2, k=1..4 );
[image: image24.wmf]576


> product( k^2, k=1..n );
[image: image25.wmf](
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> product( k^2, k );
[image: image26.wmf](
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5.
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 the examples discussed in the class)

i-.How far do you travel in 35 minutes going 55 miles per hour? Express answer in meters and miles.
> restart;
> with(Units);with(Units[Natural]):
Warning, the name Unit has been rebound
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Warning, the name Unit has been rebound

> d:=55*mph*35*minutes;
[image: image28.wmf] := 
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> convert(d,units,mi);
[image: image29.wmf]385
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> evalf(d);
[image: image30.wmf]51633.12000
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maple gives correct answer with appropriate units.

ii-What is the energy of an electron?

> mass:=9.11e-31*kg;
[image: image31.wmf] := 
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> c:=3.00e8*m/s;
[image: image32.wmf] := 
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> E:=mass*c^2;
[image: image33.wmf] := 
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maple gives correct value with appropriate units.

iii- Information about Natrium

> with(ScientificConstants);
Warning, the name GetUnit has been rebound

[image: image34.wmf]AddConstant

AddElement

AddProperty

Constant

Element

GetConstant

,

,

,

,

,

,

[

GetConstants

GetElement

GetElements

GetError

GetIsotopes

GetProperties

,

,

,

,

,

,

GetProperty

GetUnit

GetValue

HasConstant

HasElement

HasProperty

,

,

,

,

,

,

ModifyConstant

ModifyElement

,

]


> GetElement(Na);
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maple gives correct information about natrium.

6.
Find out the dimensions of three different physical properties using Maple.

> GetSystems();
[image: image37.wmf],
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> GetDimension(volume);
[image: image38.wmf]length
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> GetDimension(power);
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> GetDimension(pressure);
[image: image40.wmf]mass
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7.
Find out the values and units of any three different scientific constants using Maple?  Indicate the errors associated with these scientific constants.

> restart;
> with(Units):with(Units[Natural]);
Warning, the name Unit has been rebound

Warning, the name Unit has been rebound
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> GetUnits(dimension=force);
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> with(ScientificConstants);
Warning, the name GetUnit has been rebound
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> GetConstant(speed_of_light_in_vacuum);
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> GetConstant(Avogadro_constant);
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> GetElement(I,density,boilingpoint,meltingpoint);
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 = 

density

é

ë

ê

ê

ù

û

ú

ú

,

,

 = 

value

4.933

 = 

uncertainty

undefined

 = 

units

g

cm

3

,

,

 = 

boilingpoint

[

]

,

,

 = 

value

457.55

 = 

uncertainty

undefined

 = 

units

K

,

 = 

meltingpoint

[

]

,

,

 = 

value

386.85

 = 

uncertainty

undefined

 = 

units

K


8.
Calculate the volume occupied by 1 kg of mercury at 25 C

> restart;
> with(ScientificConstants):
> GetElement(mercury,density);
[image: image48.wmf],
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> density:=13.5336*g/cm3;
[image: image49.wmf] := 
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> mass:=1000*g;
[image: image50.wmf] := 
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> volume:=mass/density;
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9.
Use Maple to calculate the number of water molecules in 1 g of liquid water.

> restart;
> with(ScientificConstants):
chemical formula for water is H[image: image52.wmf]2

O

> watermole:=2*Element(H,atomicweight)+1*Element(O,atomicweight);
[image: image53.wmf] := 
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> evalf(watermole);
[image: image54.wmf]0.2991509666
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> convert(%,units,kg,amu);
[image: image55.wmf]18.01528000


This is the mass per mole.To determine the number of moles in 1 g of sample

> 1.0/%;
[image: image56.wmf]18.01528000


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

> number_of_water_molecules:=%*evalf(Constant(N['A']));
[image: image57.wmf] := 
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10.
What is computer algebra system and what are its advantages

Computer algebra or symbolic computation is a computation with symbols representing mathematical objects, including integer (real & complex), polynomials, derivatives, integrals, systems of equations and series expansion of functions.

Its advantages are it obtain closed form,exact solution. Furthemore, it has thousand of built in functions and many options for simplying expressions. It also avoid representation or truncating error and propagation error which is an accumulated errors arising from a sequence of calculations.

11.Determine whether (y+8)/(x-2) = (x+6) is linear nor not? (Hint: solve for y, and comment)

> restart;
> solve((y+8)/(x-2)=x+6,y);
[image: image58.wmf]-
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> y=%;
[image: image59.wmf] = 
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This equation is  not a linear equation because it has x value to the power of two which is a quadratic equation.

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

> restart;
> eqn:=x+2*y-3*z=4;
[image: image60.wmf] := 
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> subs(z=1,y=2,x=3,x+2*y-3*z=4);
[image: image61.wmf] = 
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Since we get the final answer 4=4, it showed that the values for x,y and z are correct for the equation.

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;
> with(plots);
Warning, the name changecoords has been redefined
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> solve ({x-y=-3},{y});
[image: image64.wmf]{
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> solve({x+2*y=3},{y});
[image: image65.wmf]{
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> plot({x+3,(-x/2+3/2)},x=-5..5);
[image: image66.png]



The graphs cross each other and the intersection indicates the solution of this equations.

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?
> restart;
> plot({-x-3,-x+2},x=-4..4);
[image: image67.png]



There is no solution because no intersection between the graph.

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;
> solve({x+y=1},{y});
[image: image68.wmf]{
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> solve({2*x+2*y=2},{y});
[image: image69.wmf]{
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> plot({-x+1,-x+1},x=-3..3);
[image: image70.png]



There is one linear line since both equations are the same.The conclusion is all the points on the line in the graph are the solution for y.

14.
Solve the equations: 2x + y - 2z = 8, 3x + 2y - 4z = 15 and 5x + 4y - z = 1.

> restart;
> solve({2*x+y-2*z=8, 3*x+2*y-4*z=15, 5*x+4*y-z=1},{x,y,z});
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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;
> eqn:=2*x/y+z/x+3*y/z;
[image: image72.wmf] := 
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> factor(%);
[image: image73.wmf] + 
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> expand(%);
[image: image74.wmf] + 
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16. Write any equation in with three variables (x, y and z) and solve it using Maple.
> restart;
> eqn1:=2*y+2*x+5*z=2;
[image: image75.wmf] := 
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> eqn2:=x-2*z+y=3;
[image: image76.wmf] := 

eqn2

 = 

 - 

 + 

x

2

z

y

3


> eqn3:=4*z+2*y-3*x=1;
[image: image77.wmf] := 
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> solve({eqn1,eqn2,eqn3},{x,y,z});
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