Useful Mathematical Formulas for Physical Chemistry

Trigonometry

sin (ß) = sin cos ß cos  sin ß
cos (ß) = cos cos ß  EQ \o(-,+)  sin  sin ß

sin sin ß =  EQ \f(1,2)  cos ( - ß) -  EQ \f(1,2)  cos (+ ß)
cos  cos ß =  EQ \f(1,2)  cos ( - ß) +  EQ \f(1,2)  cos (+ ß)

sin  cos ß  =  EQ \f(1,2)  sin ( - ß) +  EQ \f(1,2)  sin (+ ß)

Complex numbers

i =  EQ \r(-1) 
i2  = -1
1/i = - i

ei = cos i sin 
cos EQ \f(eiq+ e-iq ,2)   
sin  EQ \f(eiq - e-iq ,2i) 
z = x  + i y
z* = x - i y
z2 = z* z = x2 + y2
Polar Coordinates

x = r sin  cos 

y = r sin  sin 

z r cos 
     dV= dx dy dz = r2 sin  dddr 

r2 = x2 + y2 + z2
             = arcos(z/r)

 = arctan(y/x)

Taylors Series

f(x) = f(a) +  f'(a)(x - a) +  EQ \f(1,2!)  f"(a)(x - a)2 +  EQ \f(1,3!)   f"'(a)(x - a)3 + ···

ex =    1 + x +  EQ \f(x2,2!)   +   EQ \f(x3,3!)   + ···   [all x]
 EQ \f(1,1-x)  =  1 + x + x2  +  x3  + ···   [x2 <1]

 EQ \f(1,1+x)  = 1  - x + x2   -  x3  + ···   [x2 <1]
ln(1+x) = 1 -  EQ \f(x2,2)   +  EQ \f(x2,3)   -  EQ \f(x4,4)  + ···   [x2 <1]

Some Differentials

d(cos(u)) = –sinu) du   d(sin(u)) = cos(u) du    d(ln(u)) =  EQ \f(1,u)   du     d(eu) = eu du   d(un) = n un-1 du

Some Integrals


(n and m are positive integers)
 EQ \i(o,(, xne-ax dx)  =  EQ \f(n!,an+1) 
 EQ \i(o,(,  e\s(-ax2, ) dx = \b\lc\(\rc\)(\f(p,4a))\s(1/ 2, )) 
 EQ \i(o,(,  x\s(2n, )e\s(-ax2, ) dx = \f(1   3  5 …… (2n - 1),2\s(n+1, )a\s(n, )) \b\lc\(\rc\)(\f(p,a))\s(1/ 2, ))  
 EQ \i(o,(,  x\s(2n+1, ) e\s(-ax2, ) dx =  \f(n!,2a\s(n+1, )))     
 EQ \i(o,a, sin \f(npx,a))  sin  EQ \f(mpx,a)  dx =  EQ \i(o,a,cos \f(npx,a) cos \f(mpx,a))  dx =  EQ \f(a,2)   EQ \s( ,nm) 
 EQ \i(o,a, cos \f(npx,a))  sin  EQ \f(mpx,a)  dx = 0 
 EQ \i(,,y sin2y dy = \f(y2,4))    -  y  EQ \f(sin 2y,4)    -   EQ \f(cos 2y,8) 
 EQ \i(,,u dv )  = uv -   EQ \i(,,v du ) 
	Vectors

A  =  Ax  EQ \o(i,^)  + Ay  EQ \o(j,^)  + Az  EQ \o(k,^) 
B  =  Bx  EQ \o(i,^)  + By  EQ \o(j,^)  + Bz  EQ \o(k,^)  
A•B = Ax Bx + Ay By + Az Bz = |A| |B| cos

A x B = (Ay Bz - By Az)  EQ \o(i,^)  
         +  (Az Bx - Bz Ax)  EQ \o(j,^)  
         +  (Ax By - Bx Ay)  EQ \o(k,^)  
	Matrix

A = EQ \b\bc\[(\a\co2( a11, a12, a21, a22))       B = EQ \b\bc\[(\a\co2( b11, b12, b21, b22)) 
A B =  EQ \b\bc\[(\a\co2( a11b11+a12b21,  a11b12+a12b22, a21b11+a22b21,  a21b21+a22b22)) 
det(A) = a11a22 - a21a12


Mathcad Summary

http://cat.middlebury.edu/~chem/class/physical/mathcad/introduction.mcd

Programming: Mathcad is programmed using mathematical functions written in standard mathematical nomenclature. The combination of functions, text, units, and graphs in a visual environment makes using Mathcad to solve physical problems easy.

Source: Mathsoft has many useful hints about at http://www.mathsoft.com.  Sample documents can be found on our server alta1.middlebury.edu/chemistry

Operations: The following is a short tabular summary of some of Mathcad's operations.  These operations may be selected from tool bar palette or typed in using the special keys labeled below in brackets [ ].  If you want to learn more about Mathcad use the tool bar question mark icon or book icon for program examples.  Work through the document introduction.mcd. to learn these commands.

Operators

 add[+], subtract[-], multiply[*], divide[/], raise to a power[^],integrate[&],differentiate[?], sum[$]

Cursors

┼ 
starting place



∟    
editing point

hand
drag object

Equal signs

=  [=] evaluate

:=  [:] definition

= mathematical equality
 [~] global define

Editing

Erase


Select object by dragging the cursor then delete, backspace, or [cntrl-x]

Delete an operation
Place edit line pointing to the right after the operation and press delete

Move


Select object by dragging then place cursor on edge when a hand appears drag

Range Variables

i:1;3

results in 
i := 1..3


to give i=1,2,3

x:1.1,1.2;1.4
results in 
x := 1.1,1.2..1.4

to give x=1.1,1.2,1.3,1.4

Graphing

Define function

f(x):x^2+1

Define Range

x:-2,-1.8;2 (optional)

Graph function

press @ then enter f(x) on y-axis and x on x-axis

Some built in functions

f(x) button


or Insert/Function has a complete list

Statistics


erf(x),mean(v), median(v), stdev(v),var(v), corr(vx,vy)

Polynomial regression

S=regress(vx,vy,order),    fit(x):=interp(S,vx,vy,x)

File access


M:=READPRN("file name"),M:=WRITEPRN("file name")

Equation solving

root(f(x),x)

Arrays and Matrices

ORIGIN


ORIGIN:=1  index Matrices starting at 1 rather than 0

Create vector or matrix

v: then use Matrix button  (vector is a column)

Define a vector element

v[2:5   gives v2 := 5

Define a matrix element

M[2,3:5   gives M2,3 := 5

enter a table of numbers

i:0;2[right arrow]x[i:1,2,3...   this is a short hand way to enter a vector

select ith column

M<i>
Units (don’t redefine existing units)

Insertion


Multiply by unit or use Insert/Unit
Define a global unit

mmole  mole/1000 

Units conversion

type new unit into units conversion box

Constants


[ctrl-p] = 3.14159..  
e = 2.71828 ..
[ctrl-z]∞ = 10307)

