
Cycle Motion of a Spring - No Gravity
BS(Broken Symmetry Math) – SM(Symmetry Math)

Many process in nature move back and forth across an initial rest position.  I am renaming this process cycle motion (CM) to distinguish it from BS math Simple Harmonic Motion.  The following CM example is a mass attached to a spring that is cycling back and forth on an air bed which virtually eliminates friction and gravity:

[image: vm-horizontal-spring]

An Action is needed to stretch or compress a spring to a starting point where it can execute cycle motion.                                


· 

[bookmark: _Hlk74897616] (ts: to start) is the required to move a mass attached to a spring a distance (d1) from its initial rest position.  
· 
, the spring constant is the stiffness of the spring
· A is attraction
· R is repulsion
· 
   is for the back-and-forth motion through the zero initial rest position.  A stretched spring goes from  “A” to “0” to “R” to “A” to “0” to “R”
· d1 is the distance a mass is moved from its initial rest position.  




Once is performed to move the mass to position d1 (against the restraint of the spring), a % of the is transferred into the spring as potential attraction/repulsion (PAR).  There is always more performed than is stored as PAR.  When the spring is released from the restraining Ats, the PAR starts the oscillation.  




Conservation of requires that the PAR and the motion  be a constant.




  	


 :


 is ½ the height from the base to the peak of a cycle.

An experiment of moving paper under a pendulum through a small angle filled with sand that can escape through a small hole in the bottom shows that a pendulum cycling back and forth follows a curve that is mathematically analogous to a ‘sin’ or ‘cos’.  

[image: vib%20-%20mot%20sin%20cos%20for%20acc%20and%20angle][image: vib%20-%20mot%20angle%20calulation]
The projection of the curved area onto the straight line exactly duplicate the back and forth motion of CM.  This allows for the math of ‘sin’ or ‘cos’ to be used.


SM will use ‘sin” math.  It could use ‘cos’ or a combination of both ‘sin’ and ‘cos’. Using just the ‘sin’ math makes the understanding and math easier.
	

	



[image: z-shm-spring%20principle%20-%201] 
The diagram at the left shows a spring being stretched from its (zero rest) position-2 and the PAR being released at position-1.  There are 4 sections (1 to 2; 2 to 3; 3 to 4; and 4 to5) that alternate between maximum acceleration and zero velocity to max velocity and zero acceleration.  





· At position-1, there is maximum acceleration and zero velocity. 
· The ‘sin’ values from 0o to 1.57o will be used for velocity (values from 0 to 1).
· The ‘sin’ values from 1.57o to 0o will be used for acceleration (values from 1 to 0).
· At position-2, there is maximum velocity and zero acceleration.  Acceleration changes to deceleration.
· The ‘sin’ values from 1.57o to 0o will be used for deceleration (values from 1 to 0).
· The ‘sin’ values from 0o to 1.57o will be used for acceleration (values from 0 to 1).
· At position-3, there is maximum acceleration and zero velocity. 
· The ‘sin’ values from 0o to 1.57o will be used for velocity (values from 0 to 1).
· The ‘sin’ values from 1.57o to 0o will be used for acceleration (values from 1 to 0).
· At position-4, there is maximum velocity and zero acceleration. Acceleration changes to deceleration. 
· The ‘sin’ values from 1.57o to 0o will be used for deceleration (values from 1 to 0).
· The ‘sin’ values from 0o to 1.57o will be used for acceleration (values from 0 to 1).
· At position-5, the cycle starts again.


In the SM system, a radian and an angle are the same.  The radian or angle measurement provides for the projection of the curve onto the straight line of the CM.  This radian or angle values provide the exact velocity, acceleration and deceleration at a specific point on the CM line.  The graph below shows the values for each 0.1o of the CM of the straight line.  
[image: circle - 1]


----1o is 1 radian in SM












Radians or degrees
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Conversion chart from BS math to SM.








Initially,  is needed to compress or stretch the spring.  Once the spring is compressed or stretched, we label it PAR.   The equation for the is.    

1. 
If the spring is stretched 0.1m, the will be one times K to stretch it to the start position.  
1. 
If the spring is stretched 0.2m, the  will be two times K.   
1. 
If the spring is stretched 0.3m, the  will be three time K.


If we perform on the spring and stretch it to position (1) from its zero rest position (2&4) and then release it, CM will occur.
[image: z-shm-compressed spring 3]

[image: z-shm-stretched spring 1&5][image: z-shm-equilibrium spring 2&4][image: z-shm-ato5- spring]
















The amount of PAR expended in performing the work on the spring or pendulum is always greater than the potential created in the spring or pendulum.   For example, when you contract a muscle to move a mass, heat is expended in contracting the muscle.  If the mass moves,  is performed.  If the mass does not move, no  is performed on the mass, but a sizeable amount of heat is expended in trying to move the mass (contraction of muscles).


Once the system is set into motion, the force exerted by the spring, is always directed so as to push (repulse) or pull (attract) the system back to its zero or rest position.  For a mass at the end of a spring, the stretched spring attracts the mass back toward the rest position, while the compressed spring repulses the mass back toward the zero or rest position.  The height is the distance the compressed or stretched spring moves from position 1 to 3.
When a mass attached to a spring is stretched to position-1, the spring will Attract (accelerate) the mass toward its ‘0’position-2.  When the mass passes through the ‘0’ position-2, the spring will Repulse (decelerate) the mass until it reaches its maximum compression position-3. At position-3, the spring will Attract the mass toward its ‘0’ position-4.  When the mass reaches position-4, the spring will repulse (decelerate) the mass until it reaches position-5 – the end of the cycle.

1. Maximum acceleration occurs at positions (1,3 and 5).
1. Acceleration changes to deceleration at positions (2 and 4)
1. Maximum velocity occurs at positions (2 and 4)
1. Velocity is zero at positions (1,3 and 5)  

The CYCLE-TIME  (Tc) of a vibrating system is the TIME for the system to complete one full cycle (move from position 1 to 5).  The motion is in a straight line joining the end points of the motion.  The projection of ¼ of a circle  (‘sin’ or ‘cos’ math) on to the straight line of the CM are just useful tools for obtaining correct answers.  The motion of a mass attached to a spring is a straight line.

The FREQUENCY (f) is the number of cycles in a second.  
We designate the letter T to be the time for one cycle.  

Therefore,  is the number of cycles in one second.  
How many T’s in one second (count the number of peaks or bases in one second)?

The height of one cycle is the distance from 1 to 3.
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The T for the drawing above is 0.3 seconds per cycle.  The frequency will be:




Answers for height, velocity, acceleration, frequency, and cycle-time in CM are found by solving the Attraction-Repulsion equations for a spring:













Acceleration equation derived
AR=Kd
(A) is Attraction
(R) is Repulsion
(K) is the spring constant
(d) is the displacement from equilibrium
The arrow subscript for ‘K’ is the direction of the spring resistance.
The arrow subscript for ‘d’ is the distance and direction of travel of the object attached to the spring.

This is for a stretched spring.


	Attraction-Repulsion = (Mass)(acceleration)



Equating these two equations for , we have 			  



	

 		

 Acceleration:	Initial Acceleration is equal to a constant (the ratio of the stiffness of the spring divided by the resistance of the mass) times the initial distance from the rest position of the spring.


Velocity equation derived







Conservation of requires that the potential  and the motion be a constant.  	


 		



   	 is ½ the height of a cycle.

Multiplying both sides by 2


	   yields 		


    Velocity at any point during the vibration.

Velocity equation derived for maximum velocity

‘v2 (velocity at position 2)’ is a maximum when‘d’ is at the zero rest position 2.  Therefore,‘d’ is ‘0’ at that point.



  substituting ‘0’ for ‘d’ gives, 


   Velocity at position-2 and position-4 (maximum).

Cycle-time equation derived
The cycle-time (Tc) of (VM) is the time taken for the mass to move from position-1 to position-5.  

 Cycle-time 





Acceleration in terms of the cycle-time (Tc)


Substituting  into the ‘Tc” equation yields:



Acceleration can now be solved in terms of “Tc1-5’ by eliminating the  between the two equations



 Square ‘T” and rearrange:        


	Acceleration equation when ½ the height and cycle-time are known.




Summary of the equations:
	

	spring constant (K) when mass (M) and cycle-time (T) are known.

	

	spring constant (K) when mass (M) and amplitude ( d1) are known.

	

	velocity (v) at any point during the cycle


	

	velocity (v2) maximum (when d = 0 at position-2 and 4)


	
	acceleration (a1) maximum when spring constant (K), 
mass (M) and amplitude (d1) are known.

	
	acceleration (a1) maximum when amplitude (d1) and cycle-time (Tc) are known.


	
	acceleration (a) at any point during the cycle-time (T)


	

	cycle-time (Tc) when amplitude (d1) and velocity (v1) are known.


	

	cycle-time (Tc) when mass (M) and spring constant (K) are known.


	

	cycle-time (Tc) when the frequency is known.

	

	frequency (f) when the cycle-time (Tc) is known.


	

	frequency (f) when the number of cycles in an elapsed time is known.


	
                d1
	amplitude (distance from rest to start position).
Also:   ½ the distance from the base to the peak.





	
	 







Solved Examples of Cycle Motion

[image: spring%201%20-%205%20stretched]
Example:      A spring initially at rest at position 2-4 is stretched to position 1-5 and released.
· The mass attached to the spring is  = 1000 grams = 1 Kg
· The amplitude is ½ of  the height from the base to the peak = 100 cm = 1 meter = 1m
· Total distance mass moves during one cycle is 400 cm = 4m
· The cycle-time (T) for one cycle is = 1 sec

Solve for:
1. (a) the frequency (f)
1. (b) the spring constant (K)
1. (c) the maximum speed of the mass
1. (d) the maximum acceleration of the mass
(a) the frequency:



		
 
(b) the spring constant (K):



 
(c) the maximum speed of the mass  is at v2 or v4:


 

(d) the maximum acceleration: (at a1 or a3)


	

UNITS:  (k) has units of  N/m. N = F=ma = (Kg) (m)/(sec2) = [(Kg)(m) / (sec2)(m)] = Kg/sec2





Example:	For the U,D motion shown below, what are:
· Amplitude (d1)?
· [image: problem%20-%20spring%2001]Cycle-time (T)?
· Frequency (f)?










· Amplitude:  
· The amplitude is ½ the distance from the base to peak of a cycle.  From the graph, the amplitude is 0.1m.

· Cycle-time:
· The cycle-time is the time for one up and down cycle (position 1 to position 5).  From the graph, the cycle-time is 0.33 seconds/cycle.
· Frequency:
· 




























Example:	A spring moves through 10 cycles in 50 seconds.  What is the:
· Cycle-time (T)?
· Frequency (f)?


	













































Example:	A 50 gram mass (0.05 Kg = 0.05E3g) cycles at the end of a spring.
· The amplitude (d1) of the motion is 10 cm (0.1m)
· The cycle-time (T) is 2 seconds.  
Find the:
1. Frequency (f)?
2. Spring constant (K)?
3. Maximum velocity (v2) of the mass (M)?
4. Maximum acceleration (a1) of the mass (M)?
5. Velocity when the displacement (d) is 5 cm?
6. Acceleration when the displacement (d) is 5 cm?


1.            


2.          


3.


4.          


5.


6.        




Example:	A 0.1Kg mass hangs at the end of a spring.  When 0.05Kg more mass is added to the end of the spring, it stretches the spring 0.1m more.   Find the:
· Spring constant (K)?
· The cycle-time (T) of the original system when the 50g mass is removed.


 F to  K derived

· 



· 
































Example:	A golf shaft is clamped at the butt end and a 1 Kg weight is placed on the tip end.  The tip moves 0.05 m.  What is the:
· Butt to tip (48”) shaft constant K?
· The cycle-time (T)?
· The frequency (f)?










  
A real shaft with a driver head of (0.2Kg) will be around 250 cycles/min.  If  T = 0.25, then f = 240.

A golf club shaft changes stiffness from the butt to tip.  It will be a gradual change from the butt to the tip.  Do measurements on several shafts to see the point where the stiffness is equal to the actual.  Guessing that it will around the center of gravity.
























The use of the ‘sin’ or ‘cos’ makes the differential equation of motion very easy to achieve the correct answers for straight line motion with the projection of the curve on to the straight line.




the derivative of the ‘cos’ is the ‘sin’ and the derivative of the ‘sin’ is the ‘cos’.  The derivative of sin 0o to 1.57o is the sin 1.57o to 0o. The same goes for the integral


Illogical BS math coordinate system

In BS math system, an illogical coordination system is used.   The zero was picked at equilibrium and negative numbers were assigned to the lower half of the cycle (directions in space were labeled positive and negative [whatever that means]).  There is nothing negative about the lower half of the cycle, just as there is nothing positive about the upper half.  In one case a spring is compressed and the other it is stretched.  Neither is the negative or positive of the other.  It is attractive or repulsive.  There are no negative numbers and there is no negative work.  The BSM system requires a brute memorization of meaningless – (dashes) and + (crosses) and produces many incorrect answers due to an illogical and incorrect Rule-of-Signs.


[image: z-shm-traditional notation]



























oleObject2.bin

image49.wmf
22

21

()

K

vdd

M

æö

=-

ç÷

ç÷

èø


oleObject48.bin

image50.wmf
222

2111

(0)()

KKK

vddd

MMM

æöæöæö

=-==

ç÷ç÷ç÷

ç÷ç÷ç÷

èøèøèø


oleObject49.bin

image51.wmf
M

K

d

v

1

2

=


oleObject50.bin

image52.wmf
1512233445

1111

1512233445

1111

1

15

1

1.571.571.571.57

;;;

6.28

ccccc

ccccc

c

TTTTT

dddd

TTTTT

vvvv

d

T

v

-----

-----

-

=+++

=====

=


image53.wmf
total distance

time

velocity

=


oleObject51.bin

image54.wmf
11

15

1

1

6.286.28

6.28

c

dd

M

T

vK

K

d

M

-

===


image5.wmf
R

A

K

¬

®

0


image55.wmf
11

K

dv

M

=


oleObject52.bin

image56.wmf
M

K

d

a

d

M

K

a

=

÷

ø

ö

ç

è

æ

=

1

1

1

1


image57.wmf
M

K


oleObject53.bin

image58.wmf
15

6.28

c

M

T

K

-

=


oleObject54.bin

image59.wmf
2

22

2

(6.28)39.5

39.5

c

c

MM

T

KK

K

MT

æö

==

ç÷

ç÷

èø

=


oleObject55.bin

image60.wmf
1

2

115

1

1

2

15

39.5

39.5

c

c

a

dT

d

a

T

-

-

=

=


oleObject3.bin

oleObject56.bin

image61.wmf
2

(39.5)

c

M

K

T

=


oleObject57.bin

image62.wmf
111

()(9.8)()

()

tss

FMG

MKgu

K

dddm

===


oleObject58.bin

image63.wmf
22

1

()

K

vdd

M

æö

=-

ç÷

ç÷

èø


oleObject59.bin

image64.wmf
21

......0

max..

K

vdford

M

velocity

==

r


oleObject60.bin

image65.wmf
3

1

3

1

or

or

d

M

K

a

÷

ø

ö

ç

è

æ

=


image6.wmf
A

R

R

A

¬

®

¬

®

0

0


image66.wmf
2

5

1

3

1

3

1

5

.

39

-

=

c

or

or

T

d

a


image67.wmf
2

5

.

39

c

T

d

a

=


image68.wmf
1

1

5

1

28

.

6

v

d

T

c

=

-


oleObject61.bin

image69.wmf
15

6.28

c

M

T

K

-

=


oleObject62.bin

image70.wmf
f

T

c

1

=


oleObject63.bin

image71.wmf
c

T

f

1

=


oleObject64.bin

oleObject4.bin

image72.wmf
# of cycles

elapsed time

f

=


oleObject65.bin

image73.jpeg




image74.wmf
11

cycle time

f

T

==


oleObject66.bin

image75.wmf
11

1

1sec

cycle

f

Ts

===


oleObject67.bin

image76.wmf
222

39.539.5(1)

39.5

1

MKgKg

K

Tss

===


oleObject68.bin

image77.wmf
2

21

2

39.5

39.5

(1)16.28

1

Kg

Km

s

vdmm

MKgs

s

====


oleObject5.bin

oleObject69.bin

image78.wmf
2

2

1

2

1

1

5

.

39

1

1

5

.

39

s

m

m

Kg

s

Kg

d

M

K

a

=

=

=

®


oleObject70.bin

image79.jpeg
U graph of U,D motion

0lm-————-— —57\__ ﬁlnlo_?e\d sec
0
O T T T T T tretched

force to stretch spring to starting position




image80.wmf
111

3

cycle time0.33secsec

cycles

f

T

====


oleObject71.bin

image81.wmf
elapsed time50sec

cycle time ()5

# of cycles10 cyclescycle

s

T

===


oleObject72.bin

image82.wmf
# of cycles10 cyclescycles

frequency ()0.2

elapsed time50secsec

f

===


oleObject73.bin

oleObject6.bin

image83.wmf
11 cyclescycles

frequency ()0.5

2sec

f

Ts

===


oleObject74.bin

image84.wmf
2

2

22

2

2

(39.5)(39.5)(0.05)1.975(cycle)

0.494

sec

sec

sec

(2)

4

cycle

cycle

MKgKgKg

K

T

====


oleObject75.bin

image85.wmf
2

2

2

21

2

(cycle)

0.494

cyclecycle

sec

0.10.19.875(0.1)(3.142)0.314(cycle)

0.05secsecsec

Kg

Km

vdmmm

MKg

=====


oleObject76.bin

image86.wmf
2

2

2

2

11

22

()

0.494

sec

()(0.1)9.88(0.1)0.988

0.05secsec

Kgcycles

Kcyclesm

admmcycles

MKg

æö

ç÷

æö

æö

====

ç÷

ç÷

ç÷

èø

ç÷

èø

ç÷

èø


oleObject77.bin

image87.wmf
(

)

2

2

2

2222

1

2

()

0.494

sec

()(0.1)(0.05)9.875(0.0866)

0.05sec

(3.142)(0.0866)0.272()

secsec

Kgcycles

Kcycles

vddmmm

MKg

cyclesm

mvib

æö

ç÷

æö

æö

ç÷

=-=-==

ç÷

ç÷

ç÷

ç÷

ç÷

èø

èø

ç÷

èø

=


oleObject78.bin

image7.wmf
()

mad

r


image88.wmf
2

2

2

2

22

()

0.494

sec

()(0.05)9.88(0.05)0.494

0.05secsec

Kgcycles

Kcyclesm

admmcycles

MKg

æö

ç÷

æö

æö

====

ç÷

ç÷

ç÷

èø

ç÷

èø

ç÷

èø


oleObject79.bin

image89.wmf
2

2

1

2

1

1

2

1

2

1

2

1

1

2

1

2

1

2

2

1

1

.

..

..

..

...

...

Kd

F

Kd

Kd

Kd

F

F

F

Kd

Kd

F

F

from

F

subtract

Kd

Kd

F

F

kd

F

Kd

F

ts

ts

ts

ts

ts

ts

ts

ts

ts

ts

ts

=

-

+

=

-

+

+

=

+

+

=

+

=

=


oleObject80.bin

image90.wmf
2

2

(0.05)(9.8)

0.5

0.1

ts

F

KguKgu

K

dmm

===


oleObject81.bin

image91.wmf
0.1sec

6.286.286.280.26.28)(0.45)2.81

0.5

MKgmm

T

Kgu

Kuucycle

m

=====


oleObject82.bin

image92.wmf
1

action to start(1)(9.8)9.8()()

196

displacement0.050.05

MGsKguKguKgu

K

dmmm

=====


oleObject83.bin

oleObject7.bin

image93.wmf
1sec

6.286.286.280.00516.28(0.0714)0.4485

()

()

196

MKgm

T

Kgu

Kucycle

m

=====


oleObject84.bin

image94.wmf

oleObject85.bin

image95.wmf
sec

11

2.23

sec

sec

0.4485

sec

(2.23)(60)133.8

minmin

cycles

cycles

f

T

cycle

cycles

===

=


oleObject86.bin

image96.wmf
22

22

sin

d

KdMM

tt

f

DD

==

DD


oleObject87.bin

image97.jpeg




oleObject8.bin

oleObject9.bin

image8.wmf
()

()

Mad

M

r


oleObject10.bin

image9.wmf
()

&()constant

mad

PARM

éù

=

ëû

r


oleObject11.bin

image10.wmf
0

2

00

1

2

ARAR

PARKd

®¬

®¬®¬

=


oleObject12.bin

image11.wmf
0

2

()00

1

()

2

MadARAR

Mmv

®¬

®¬®¬

=

r


oleObject13.bin

image12.wmf
000

222

0001

222

1

222

1

111

&

222

111

&

222

&

ARARAR

KdMvKd

KdMvKd

KdMvKd

®¬®¬®¬

®¬®¬®¬

éùéù

=

êúêú

ëûëû

=

=


oleObject14.bin

image13.wmf
¬

®

0

1

d


oleObject15.bin

image14.jpeg




image15.jpeg




image16.wmf
0

:sin00

SM

=


oleObject16.bin

image17.wmf
0

:sin1.571

SM

=


oleObject17.bin

image18.jpeg
amplitud,

u 3,
compression—>

rest position

stretched——— V1 5

Dle—T1—|




image19.jpeg




image20.emf
BS SM

 Sin 0

o

 to 1.57

o

tan

0 0 0 0

0.572958 0.01 0.01 0.01

5.72958 0.1 0.0998 0.1003

17.18873 0.3 0.2955 0.3093

22.91831 0.4 0.3894 0.4228

28.64789 0.5 0.4794 0.5463

34.37747 0.6 0.5646 0.6841

40.10705 0.7 0.6442 0.8423

45.83662 0.8 0.7174 1.0296

51.5662 0.9 0.7833 1.2602

57.29578 1 0.8415 1.5574

63.02536 1.1 0.8912 1.9648

68.75494 1.2 0.932 2.5722

74.48451 1.3 0.9636 3.6021

80.21409 1.4 0.9854 5.7979

85.94367 1.5 0.9975 14.1014

90 1.570796 1




image21.emf
BS SM

Sin 1.57

o

 to 0

o

tan

90 1.570796 1

85.94367 1.5 0.9975 14.1014

80.21409 1.4 0.9854 5.7979

74.48451 1.3 0.9636 3.6021

68.75494 1.2 0.932 2.5722

63.02536 1.1 0.8912 1.9648

57.29578 1 0.8415 1.5574

51.5662 0.9 0.7833 1.2602

45.83662 0.8 0.7174 1.0296

40.10705 0.7 0.6442 0.8423

34.37747 0.6 0.5646 0.6841

28.64789 0.5 0.4794 0.5463

22.91831 0.4 0.3894 0.4228

17.18873 0.3 0.2955 0.3093

5.72958 0.1 0.0998 0.1003

0.572958 0.01 0.01 0.01

0 0 0 0




image22.emf
6.28318531

2p

57.2957795

0.01745329  

x = 

r

 cos

f

cos

f 

=x/r

y = r sin

f

sin

f

 = y/r

y = x tan

f

tan

f

 = y/x

00

0

360360degrees 

57.295779557.3

26.28 radian





1

57.29577951


image23.wmf
()

()

Mad

M

r


oleObject18.bin

oleObject19.bin

image24.wmf
1

()

ts

MadKd

=

r


oleObject20.bin

oleObject21.bin

image1.png
Iair I

stretched
1,5 |Ananinispe

equilibium
2,4 b= mensp

compressed

3 —vamy




oleObject22.bin

oleObject23.bin

oleObject24.bin

image25.jpeg




image26.jpeg




image27.jpeg
234




image28.jpeg
u
compression —

stretched ———

1

5




oleObject25.bin

oleObject26.bin

oleObject27.bin

image2.wmf
0

01

tsAR

AKd

®¬

®¬

=


image29.wmf
()

Ma

r


oleObject28.bin

image30.wmf
1

f

T

=


oleObject29.bin

image31.jpeg
Wi

compression —

ot

stretched —».

o

b b %:iig < 3 mobicn]





image32.wmf
11

3

0.333secsec

radians or degreesradians or degrees

2(6.28)(3)18.84

secondsecsecond

cycles

f

T

cycles

frad

p

===

===


oleObject30.bin

image33.wmf
5

4

5

4

5

4

4

3

4

3

4

3

3

2

3

2

3

2

2

1

2

1

2

1

®

¬

¬

®

®

®

®

¬

¬

®

®

®

=

=

=

=

d

K

R

d

K

A

d

K

R

d

K

A


image34.wmf
[

]

ARMa

=

r


oleObject31.bin

image3.wmf
ts

A


image35.wmf
[

]

AR


oleObject32.bin

image36.wmf
[

]

MaKd

=

r


oleObject33.bin

image37.wmf
Multiplying both sides by (1), yields   

 or  

MaKdK

mad

MMM

éù

æöæö

==

ç÷ç÷

êú

èøèø

ëû

r

r


oleObject34.bin

image38.wmf
[

]

()

aKMd

=

r


oleObject35.bin

image39.wmf
()

mad

r


oleObject36.bin

oleObject1.bin

oleObject37.bin

image40.wmf
()

mad

P

éù

ëû

r


oleObject38.bin

oleObject39.bin

image41.wmf
()

Mad

M

éù

ëû

r


oleObject40.bin

image42.wmf
()()

&constant

MadMad

PM

éù

=

ëû

rr


oleObject41.bin

image43.wmf
0

2

()00

1

2

MadARAR

MMv

®¬

®¬®¬

=

r


oleObject42.bin

image4.wmf
()

Mad

r


image44.wmf
222

1

111

&

222

KdMvKd

=

r


oleObject43.bin

image45.wmf
¬

®

0

1

d


oleObject44.bin

image46.wmf
222

1

&

MvKdKd

=

r


oleObject45.bin

image47.wmf
22

2

1

2222

11

()()

KdKd

v

M

KK

vdddd

MM

-

=

æö

=-=-

ç÷

ç÷

èø

r

r


oleObject46.bin

image48.wmf
22

1

()

K

vdd

M

æö

=-

ç÷

ç÷

èø

r


oleObject47.bin

