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 EMBED Word.Document.8 \s [image: image35.emf]15.36:     a) From Eq. (15.35),    
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 EMBED Word.Document.8 \s [image: image36.emf]15.37:     a) In the fundamental mode, 
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 EMBED Word.Document.8 \s [image: image37.emf]15.38:     The ends of the stick are free, so they must be displacement antinodes.        1 st  harmonic:              
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 EMBED Word.Document.8 \s [image: image38.emf]15.39:     a)                                 b) Eq. (15.28) gives the general equation for a standing wave on a string:                
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   (f) The  harmonic cannot be determined because the length of the  string is not specified.      



 EMBED Word.Document.8 \s [image: image40.emf]15.41:     a) The traveling wave is 
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 EMBED Word.Document.8 \s [image: image42.emf]15.43:     a) The product of the frequency and the string length is a constant for a given  string, equal to half of the wave speed, so to play a note with frequency 
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           b) Lower frequency requires longer length of string free to  vibrate. Full length of  string gives 
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so this is the lowest note possible.    
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 EMBED Word.Document.8 \s [image: image45.emf]15.46:     a) For the fundamental mode, the wavelength is twice the length of the string,  and 
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    b) No, because the tension is uniform thro ughout each piece.      



 EMBED Word.Document.8 \s [image: image49.emf]15.50:     The amplitude given is not needed, it just ensures that the  wave disturbance is  small. Both strings have the same tension 
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 EMBED Word.Document.8 \s [image: image51.emf]15.52:     The maximum vertical acceleration must be at least 
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 EMBED Word.Document.8 \s [image: image52.emf]15.53:     a) See Exercise 15.10; 
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 EMBED Word.Document.8 \s [image: image53.emf]15.54:     a), b)              c)   The displacement is a maximum when the term in parentheses in the denominator  is zero; the denominator is the sum of two squares and is minimized when 
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 EMBED Word.Document.8 \s [image: image54.emf]15.55:    a) and b) (1): The curve appears to be horizontal, and 
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 = 0. As the wave  moves, the point will begin to move downward, and 
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y

a

0. (2): As the wave moves in  the +

x

- direction (to the ri ght in Fig. (15.34)), the particle will move upward so 
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> 0.  The portion of the curve to the left of the point is steeper, so 

y
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 > 0. (3) The point is  moving down, and will increase its speed as the wave moves; 
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 < 0, 
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< 0. (4) The  curve appears to be horizontal, and 
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    c) The  accelerations, which are  related to the curvatures, will not change. The transverse  velocities will all change sign.      
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                (c ) The answer for (a ) is independent of amplitude. For (b), the time is  halved if  the amplitude is doubled.      
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z y

         

a r
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  so    , ,

2

                     

a a r

  

  and   180   so     cos  

     

ra

  is opposite in direction to 

a r

 

;

 is  radially  inward.                 

,

2 2 2

A z y

 

 so the path is again circular, but the particle rotates in the  opposite sense compared to part (a ).        



 EMBED Word.Document.8 \s [image: image57.emf]15.58:    The speed of light is so large compared to the speed of sound that the travel time  of the light from the lightning or the radio signal may be neglected. Them, the distance  from the storm to the dorm is 

m   92 . 1523 ) s   43 . 4 )( s m   344 (



  and the distance fro m the  storm to the ballpark is 

m.   1032 ) s   00 . 3 )( s m 344 (



 The angle that the direction from the  storm to the ballpark makes with the north direction is found from these distances using  the law of cosines;                     

, 07 . 90
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
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 

 

      so the storm  can be considered to be due west of the park.      



 EMBED Word.Document.8 \s [image: image58.emf]15.59:    a) As time goes on, someone moving with the wave would need to move in such  a way that the wave appears to have the same shape. If this motion can be described by  

   with  , c c vt x

 

a constant (not the speed light),then 

), ( ) , ( c f t x y



  and the waveform is the same to such observer. b) See Problem 15.54. The derivation is  completed by taking the second partials,        

, ,
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du
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v x
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
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





   

) / ( ) , (   so v x t f t x y

 

is a solution to the wave equation with wave speed 

v

.     c) This is  of the form 

v x t u u f t x y

  

with  ), ( ) , (

and          

2 2

) ) ( (

) (

x c B t C

De u f

 



,     and the result of part (b) may be used to determine the speed 

B C v



immediately.      



 EMBED Word.Document.8 \s [image: image59.emf]15.60:   a)              b)  
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t
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would both give 

. 2 Α

 If the  particle is known to be moving downward, the result of part    b) shows that 

4. 3   so   and    0,   cos

    

 d) To identify 



uniquely, the quadrant  in which 



 is must be  known. In physical terms, the signs of both the position and velocity, and the magnitude  of either, are necessary to determine 



 (within additive multiples of 

π 2

).      



 EMBED Word.Document.8 \s [image: image60.emf]15.61:   
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a)

and substituting this into Eq. (15.33) gives the  result.             b) Quadrupling the tension for  F  to 

F F 4





increases the speed 

μ F v



 by a  factor of 2, so the new frequency 

ω



and new wave number 
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

are related to 
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 
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   



  
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
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    Thus, the frequency must decrease by a factor of 
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 Dividing the second equation by  the first equation gives          
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k k k k
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 EMBED Word.Document.8 \s [image: image61.emf]15.62:    (a)                                            (b) The wave moves in the 
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direction with speed 
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 so in the expression for 
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
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           (c) From Eq. (15.21):      




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    











 

L vt x F

L vt x L h Fv L hv L h F

vt x L L h Fv L hv L h F

L vt x F

t

t x y

x

t x y

F t x P

) (   for                                       0 ) 0 )( 0 (

) ( 0     for ) ( ) )( (
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    Thus the instantaneous power is zero except for 

, ) ( L vt x L
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 where it has the  constant value 

. ) (

2
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 EMBED Word.Document.8 \s [image: image62.emf]15.63:    a) 
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 EMBED Word.Document.8 \s [image: image63.emf]15.64:    a) , d)                   b)The power is a maximum where the displacement is zero, and the power is a  minimum of zero when the magnitude of the displacement is a maximum.    c) The  direction of the energy flow is always in the same direction. d) In th is case, 

), sin(   ωt kx k Α

x

y   





and so Eq. (15.22) becomes        

). ( sin ) , (

2 2

ωt kx A Fk t x P

   

      The power is now negative (energy flows in the 

x



- direction), but the qualitative  relations of part (b) are unchanged.      
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 EMBED Word.Document.8 \s [image: image65.emf]15.66:    (a) The string vibrates through 
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 EMBED Word.Document.8 \s [image: image66.emf]15.67:    There is a node at the post and there must be a node at the clothespin. There  could be additional nodes in between. The distance between adjacent nodes is  
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 EMBED Word.Document.8 \s [image: image67.emf]15.68:     (a) The displacement of the string at any point is 
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
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 EMBED Word.Document.8 \s [image: image68.emf]15.69:    a) To show this relationship is valid, take the second time derivative:  
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
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      The displacement of the har monic oscillator is periodic in both time and space.       b) Yes, the travelling wave is also a solution of the wave equation.      



 EMBED Word.Document.8 \s [image: image69.emf]15.70:    a) The wave moving to the left is inverted and reflected; the reflection means that  the wave moving to the left is the same function of 

, x



and the inversion means that the  function is

). ( x f

 

More rigorously, the  wave moving to the left in Fig. (15.17) is  obtained from the wave moving to the right by a rotation of 



180

, so both the coordinates 

)   and   ( x f

have their signs changed. b). The wave that is the sum is 

) ( ) ( x f x f

 

 (an  inherently odd function), and for any 

. 0 ) 0 ( ) 0 ( ,
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f f f

    c) The wave is reflected but  not inverted (see the discussion in part (a) above), so the wave moving to the left in Fig.  (15.18) is 
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      At 

0



x

, the terms are the same and the derivatives is zero. (See Exercise 20 - 2 for a  situation where the derivative of  f  is not finite, so the string is not always horizontal at the  boundary.)      
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 EMBED Word.Document.8 \s [image: image71.emf]15.72:    a) 
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 EMBED Word.Document.8 \s [image: image72.emf]15.73:    The plank is oscillating in its fundamental mode, so
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 EMBED Word.Document.8 \s [image: image73.emf]15.74:    (a) The breaking stress is 
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 EMBED Word.Document.8 \s [image: image74.emf]15.75:    a) The fundamental has nodes only at the ends, 
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      b) For the  second harmonic, the wavelength is the length of the string, and the nodes are at 

.   and   2 , 0 L x L x x

  

    b)                   d) No; no part o f the string except for 
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 oscillates with a single frequency.    



 EMBED Word.Document.8 \s [image: image75.emf]15.76:            a) The new tension 

F



in the wire is      

















     



1

water

1

water

3

1

1

) 3 1 (

A A

ρ

ρ

w

ρ

ρ w

w B F F

              

. ) 87645 . 0 ( ) 8765 . 0 (

) m kg 10 7 . 2 ( 3

) m kg 10 00 . 1 (

1        

3 3

3 3

F w w

 





















 

    The frequency will be proportional to the square root of the tension, and so 

Hz. 187 8765 . 0 ) Hz 200 (

 



f

      b) The water does not  offer much resistance to the transverse waves in the wire,  and hencethe node will be located a the point where the wire attaches to the sculpture and  not at the surface of the water.      



 EMBED Word.Document.8 \s [image: image76.emf]15.77:    a) Solving Eq. (15.35) for the tension  F ,    
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 EMBED Word.Document.8 \s [image: image77.emf]15.78:    a) Consider the derivation of the speed of a longitudinal wave in Section 16.2.  Instead of the bulk modulus  B , the quantity of interest is the change in force per fractional  length change. The force constant 
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    where the rela tion given in the hint has been used.     d)  
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 coincide, as shown in part  (f).         
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,

L

r L

m



and it s center of mass moves in a  circle of radius 

,

2

r L



and so    

). (

2

) (

2 2

2

2

r L

L

mω

L

r L

ω

L

r L

m r T

 































  An equivalent method is to consider the net force on a piece of the rope with length  dr   and mass 
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  The integral may be  found in a table, or in Appendix B. The integral is done explicitly by  letting 
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         b) The average value of  P  is proportional to the average value of 
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 and the  average of the sine function is zero; 
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    c) The waveform is the solid line, and the  power is the dashed line. At time 
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 and the graphs coincide. d)  When the standing wave is at its maximum displacement at all points, all of the energy is  potential, and is concentrated  at the places where the slope is steepest (the nodes). When  the standing wave has zero displacement, all of the energy is kinetic, concentrated where  the particles are moving the fastest (the antinodes). Thus, the energy must be transferred  from the nodes  to the antinodes, and back again, twice in each cycle. Note that 
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is  greatest midway between adjacent nodes and antinodes, and that  P  vanishes at the nodes  and antinodes.          
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     c)   From Section 17.4, 
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or the pitch falls. This  also explains  the constant the constant tuning in the string sections of symphonic orchestras.  


