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Periodic Functions & Logarithms

One can see from figure 29-5, on page 499, a method for graphing sine and cosine curves. When the radius vector has completed one revolution, the wave generated is said to have completed one cycle. Additional rotations repeat the pattern already generated. The number of cycles occurring in a periodic curve in a unit of time is called the frequency of the curve (f). The general equation for the projection of the end point of the radius 

on a vertical line is:  y = r sin ωt or on a horizontal line is:  y = r cos ωt

where r is the radius or amplitude factor, ω is the angular velocity in rad / s and t is the time at any instant. Example:  Suppose that an arm 15 inches long, starting from 00, turns in a counterclockwise direction at the rate of 100 rev. in 10 seconds. What is the vertical distance from the arm’s end to its pivot point at the end of 7 sec?
	Since the arm makes 100 revolutions in 10s, then it makes 10 revolutions per second. Hence, it makes 

Now, substituting the values of r and ω, we have; y =15” sin 0.628t in. At the end of 7 seconds, the arm will have turned through ωt = 0.628(7) = 4.396r. This is


which we can substitute in place of 0.628t above to get

 y = 15” sin 2520 ≈ -14.3 in illustrating that the arm is below its pivot point a vertical distance of 14.3 inches.

The frequency in hertz is found by dividing the angular velocity by 3600 or by 2π when measured in radians. The formula is:



The time required (T) for a periodic function to complete one cycle is called the period, and is given by the formula:

The time (T), then, is the reciprocal of the frequency. If the function has a frequency of 120 Hz, then the time for one cycle is the reciprocal of 120 Hz or .0083333… seconds (s).

Where two radius vectors are each rotating about the same point, and one is separated from the other by a particular angle, called the phase angle, one generated curve is said to lead or lag the other. If r1 begins to turn counterclockwise and turns through θ0 before the second radius, r, begins to turn in the same direction, θ0 is called the angle of lead (or lag).

Given an equation like y = 350 sin (250t + 200). In this equation, r = 350 (amplitude), ω = 250 r/s, θ = 200. The angular velocity is 250 radians per second, so the frequency is: 


The period is: T = f--1≈.025s.  The sine curve has been displaced to the left, ie. It leads the curve y = r sin 250t by 200. In the equation y =35 sin (60t – 100), the sine curve has been displaced to the right 100 and lags y = r sin 60t by 100.

When a periodic function is written in the form y = 150 sin ( 400t + 100),  this is what we know:

The radius is 150 The curve is a sine wave	                     The curve has been displaced to with an amplitude of 150.   ω = 400 radians / second ( r/s )  the left 100(+100) - it leads by a	                              The period = f -1 ≈ 0.0157angular velocity = 400	         phase angle of 100 or if it has 
so f = 400/ 2π ≈ 63.662 Hz                                                been displaced to the right 100 (-100) 
		 					- it lags by phase angle of 100.

When t = 0, the curve begins at an angle of 100 with a value of 150(0.1736) ≈ 26.05


Logarithms
Every number known can be written as a base raised to a power. Since 25 = 32, then the log2 32 = 5. The log of 10 000 to the base 10 = 4 means: 10 raised to what power is equal to 10 000? In exponent form we have:  34 = 81. The logarithmic form would say:  log3 81 = 4. Remember, any nonzero base raised to the zero power, is equal to one.

Log4 1024 = 5 in exponent form is 45 = 1024. When no base is expressed, it is understood that the base is 10.  The natural logarithms, use the base e, which is about 2.71828

· The log of a product is the same as the sum of the logs of the factors. Ex:  log xy = log x + log y.

· The log of a quotient is equal to the difference in the logs:  Ex:  log x / y = log x – log y.

· The log of a power of a number equals the exponent of the number times the log of the number. 
Ex: log xy = y log x.

· The log of a root of a number is the same as the log of the number divided by the index of the root. Ex:



To determine the log of a number using your calculator, enter the number, then press the LOG key. For example: find the log of .00056. 1) enter .00056 	2) press the LOG key 	3) the display will show:   – 3.251811973

Find log 58900. 1) enter the value 	2) press the LOG key	3) the display will show:  4.770115295 	This means that 104.770115295 = 58 900.



Antilog
Lets work backward. What is the number that corresponds to the common logarithm 2.69897? Use the calculator as follows:  1) enter the value	2) press the 2nd function key	3) the display reads 499.999995 ≈ 500

Solve for x:  loge 48 = x	Solution:  1) enter the value 48	2) press the LN key		3) display is 3.871201011
This means that e3.871201011 = 48

Now for some examples:

1) log y + 3 log y = 16	(log y = 1 log y, so 1 log y + 3 log y = 4 log y)
	4 log y = 16		(divide both sides by 4)
	log y = 4		now take the anti log of each side)
	y = 10 000

2) log 4x + 3 log x = 5
	log 4 + log x + 3 log x = 5
	0.60206 + 1 log x + 3 log x = 5	(subtract .60206 from each side and add 
						the logs together as in ex. 1 above)
4 log x = 4.39794			          (divide both sides by 4)
	log x = 1.099485			(take the antilog of each side)
	x = 12.57433

3) x2.4=39			(take the log of both sides)
	2.4 log x = log 39	(divide both sides by 2.4 after taking the log of 39)
	log x = .6629436	(take the antilog of each side)
	x = 4.602

4) 

                   (log x / y = log x – log y)

log X - log 11 = 1.573		(add the log of 11 to both sides)
logX= 2.61439			(take the antilog of each side)
X= 411.5216

	Or	(take the antilog of each side and multiply both 
		sides by 11)


5)  log x7 – log x4 = 5.112		(log x – log y = log x / y)	
	
		     (dividing means to subtract the exponents)	
	
log x3 = 5.112	            	(take the antilog of each side to get…)

x3 = 129419.5841	                     (with this value in your display, do 2nd function                                  					key and press the yx key, then 3 – the	
x = 50.582466			index of the radical in the 2nd function)


6)  7x = 40.1				(take the log of each side)
	log 7x = log 40.1
	x log 7 = 1.603144373	(divide both sides by log 7)
x = 1.896992


7)  5x-2 = 15				(take the log of each side)
	log 5x-2 = log 15
	(x-2) log 5 = 1.17609	(divide both sides by the log of 5)
	x – 2 = 1.682606		(add 2 to both sides)
x = 3.682606


8)  x = log7 1818	means	7x = 1818. Now we have one like # 6 above.

9) Given:

	Solve for y	(remember, to undo the radical, the base in the    
			radicand is raised to a fractional power where
     the numerator is the index of the radical, and 	the denominator is the exponent)	

	

	
(multiply both sides by the reciprocal)




(take the antilog of each side)
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