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Sample problems for PH 112, Exam 3   February 2003  Your first concern is the ones in bold.

SHM


13-10 A 2.00-kg frictionless block is attached to an ideal spring with a force constant of 300 N/m. At t=0 the block is neither extended or compressed and its velocity is 12.0 m/s in the negative x direction.  a) Find the amplitude and phase angle of this motion. b) Write the equation of the block’s position as a function of time.

13-12. The point of a sewing needle moves in SHM along the x-axis with a frequency of 2.5 Hz. At t=0 its position and velocity components are +1.1 cm and -15 cm/s. 

a) Find the acceleration component of the needle at t=0.

b) Write equations giving the position, velocity, and acceleration as functions of the time.

Write down F = ma for a mass-spring system. Show that for SHM, ( = ((k/m). You can use the fact that for SHM the acceleration is always -(2 times the displacement.

13-38. We want a hoop of radius R to be pivoted by a nail along its rim. What is the value of R, if the period of the small-angle motion is to be 2.0 sec?

13-39 Show that the formula for a physical pendulum, ( = ((mgd/I) reduces for a simple pendulum (a mass on the end of a massless cord or rod) to ( = ((g/L)

13-35. An apple weighs 1.0 N.  When you hang it from the end of a long spring with negligible mass and a force constant k = 1.50 N/m, it bounces up and down in SHM.  When you let it swing like a pendulum at small angles, without lengthening the pendulum, the simple pendulum frequency is half the bounce frequency. What is the unstretched length of the spring? [You might first find the length is 8/3 m, but you must then work out that the unstretched length is 2.0 m!]

Chapter 19 Mechanical Waves.

19-28. A piano wire with a mass of 3.00 g and an length of 80.0 cm is stretched with a tension of 25.0 N. A wave of frequency 120.0 Hz and amplitude 1.60 mm travels along the wire. a) Calculate the average power transmitted by the wave. b) What happens to the average power if the amplitude is halved?

19-6. A transverse wave is described by y(x,t) = 6.50 mm sin (2([t/0.0360 s - x/28.0 cm]).

a) Find the amplitude, b) wavelength, c) frequency d) speed of propagation (phase velocity) 

For this same wave, a) determine the particle velocity at x=1.00 m and t = 0 sec. b) what is the direction of travel of this wave? c) the maximum velocity of any point on the string

The professor who was doing the unusual tunings on his guitar Saturday night at Engineers in Concert was adjusting the tension of his strings. If he had a string whose ‘open’ note would be 384 Hz at a tension of 500 N, what tension would he need if he wanted this string to resonate at the same length with a frequency of 312 Hz?

Sound waves travel in water at roughly 1500 m/s. In air, they travel about 345 m/s at 20 oC. For waves at a frequency of 5 MHz in each medium, calculate the wavelength in each. (I had an ultrasound test done last June at 5 MHz to look at my thyroid. The resolution of the image is not much better than the wavelength of sound in water. If you needed more resolution, would you go to higher frequency or lower frequency? )

19-34. An ant of mass m is standing on a stretched rope. The rope is pushing upward on the ant with a force of mg, but if a sinusoidal wave goes by of the right amplitude and frequency the ant can become momentarily weightless, meaning the rope at one instant does not push up on the ant at all. Suppose the speed (phase velocity) of waves on the string is V, what frequency f and amplitude A will be needed to make the ant momentarily weightless?

The power we worked out in class from energy/length * phase velocity is P = ½ (A2(2 v . The book’s formula 19-30 is P = FT k ( A2 cos2((t - kx) . Show that the time-average of the book’s formula is ours (that is, the one we derived is the formula for time-averaged power).

We derived the wave equation in class from which fundamental equation?  

i) E = mc2, 
ii) ( = I( 
iii) F = ma
iv) conservation of energy
v) V = IR 

Chapter 20

At the free end of a string will we have i) zero displacement, ii) zero slope iii) both   iv) neither

At the fixed end of a string will we have i) zero displacement, ii) zero slope iii) both   iv) neither

An aluminum rod 2.00 m long is free at both ends. The phase velocity of longitudinal waves in this bar is 5000 m/s.  Sketch the shapes of the lowest two resonant frequencies of longitudinal waves in this bar. Calculate the lowest resonant frequency of this bar.

A long tube is closed at one end and free at the other.  It is 0.80 m long.

In the sketches at the right, draw a

displacement wave for the lowest 

displ

resonant frequency and in the other

draw a pressure wave







press

If the velocity of sound in air is 340 m/s, calculate the lowest resonant frequency in this pipe.

A pulse reflecting from the free end of a string   i) flips over when it  returns  ii) does not flip over

A pulse reflecting from the fixed end of a string   i) flips over when it  returns  ii) does not flip over

20-11. The distance on a cello from the bridge to the far end of the finger board is 60.0 cm. The mass of a certain string over this distance is 2.00 g. The string sounds an A note (440 Hz) when bowed. At what point must the player put his finger on the finger board to cause a note of 587 Hz to be played?

20-12. (Done in class)

20-29 (mostly). A wooden plank is placed over a pit which is 5.00 m wide. A student stands on the middle of the plank and jumps up and down two times a second (this is a very quick student indeed). The plank oscillates with a large amplitude, its maximum displacement is in the center, and the ends of the plank remain on the ground.  What is the phase velocity of waves along the plank?

20-31 An organ pipe has successive harmonics with frequencies of 1372Hz and 1764 Hz. [ Of course it has other resonant frequencies too.]  If the speed of sound in air is 344 m/s, figure out if the pipe is closed at one end or open at both ends.  Also find the length of the pipe.

20-5. Given information about a wave, write down y(x,t).

