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5. (7 points, suggested time 13 minutes)

The figure above shows a string with one end attached to an oscillator and the other end attached to a block. The

string passes over a massless pulley that turns with negligible friction. Four such strings, A, B, C, and D, are set
up side by side, as shown in the diagram below. Each oscillator is adjusted to vibrate the string at its fundamental
frequency f. The distance between each oscillator and pulley L is the same, and the mass M of each block is the
same. However, the fundamental frequency of each string is different.
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The equation for the velocity v of a wave on a string is v = % , where F; is the tension of the string
m

and m/L is the mass per unit length (linear mass density) of the string.

(a) What is different about the four strings shown above that would result in their having different fundamental
frequencies? Explain how you arrived at your answer.

(b) A student graphs frequency as a function of the inverse of the linear mass density. Will the graph be linear?
Explain how you arrived at your answer.
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2015 AP° PHYSICS 1 FREE-RESPONSE QUESTIONS
(c) The frequency of the oscillator connected to string D is changed so that the string vibrates in its second

harmonic. On the side view of string D below, mark and label the points on the string that have the greatest
average vertical speed.
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END OF EXAM
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2015 SCORING GUIDELINES

Question 5
7 points total Distribution

of points
(a) 3 points

For reasoning that since the strings all have the same length, and since the 1 point
wavelength of the fundamental depends on the length, all four waves have the

same wavelength (e.g., 4, =2L)

For reasoning that since the wavelengths are all the same, different frequencies 1 point
correspond to different velocities of the waves on the strings
For reasoning that all the string tensions are the same due to the same mass M of 1 point

each block, and therefore the linear mass densities must be different for

different velocities since v = /Fy /(m/ L) (or since the vertical component of
the tension will result in different vertical accelerations for strings with
different masses)

Note: Responses may refer to the physical differences between the strings in a

variety of ways, e.g., different linear mass density, different total mass, different
thicknesses of the same material

(b) 2 points

For combining v = fA4 with v = [F;/(m/L) (or referring to such an equation 1 point
written in part (a))
For indicating how the equation leads to the conclusion that frequency would not 1 point

be proportional to the inverse of the linear mass density

(c) 2 points

K?Dlﬂ & ;\3-‘» :\l ol ']Exd e f; -
| Ny |
Oscillator \ o A
f —t ¢ ¢ {4 + } 51
p=700 Hz t - I I I I I T 1 ] 1 I ]
m [ (. I I I I Lokt I
[
£
Block
Side View
For any indication of the second harmonic on the string, or a wave drawn such 1 point
that A, =L.
For points which are at the antinodes of the second harmonic, or at the antinodes 1 point
of any standing wave drawn on the string
Notes:

Full credit is earned for having two points that are located one fourth the length
of the string and three fourths the length of the string from the oscillator.
One earned point is deducted for each incorrect point marked on the figure
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