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Mech. 3.

Some physics students build a catapult, as shown above. The supporting platform is fixed firmly to the ground.

The projectile, of mass 10 kg, is placed in cup A at one end of the rotating arm. A counterweight bucket B that is to
be loaded with various masses greater than 10 kg is located at the other end of the arm. The arm is released from the
horizontal position, shown in Figure 1, and begins rotating. There is a mechanism (not shown) that stops the arm in
the vertical position, allowing the projectile to be launched with a horizontal velocity as shown in Figure 2.

(a) The students load five different masses in the counterweight bucket, release the catapult, and measure the

resulting distance x traveled by the 10 kg projectile, recording the following data.

Mass (kg) | 100 | 300 | 500 | 700 | 900
x (m) 18 37 45 48 51

i. The data are plotted on the axes below. Sketch a best-fit curve for these data points.
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ii. Using your best-fit curve, determine the distance x traveled-by the projectile if 250 kg is placed in
the counterweight bucket.
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(b) The students assume that the mass of the rotating arm, the cup, and the counterweight bucket can be neglected.
With this assumption, they develop a theoretical model for x as a function of the counterweight mass using the
relationship x = v, t, where v, is the horizontal velocity of the projectile as it leaves the cup and ¢ is the time
after launch.

i. How many seconds after leaving the cup will the projectile strike the ground?
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ii. Derive the equation that describes the gravitational potential energy of the system relative to the ground
when in the position shown in Figure 1, assuming the mass in the counterweight bucket is M.
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iii. Derive the equation for the velocity of the projectile as it leaves the cup, as shown in Figure 2.
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i. Complete the theoretical model by writing the relationship for x as a function of the counterweight mass
using the results from (b)i and (b)iii.
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ii. Compare the experimental and theoretical values of x for a counterweight bucket mass of 300 kg. Offer a
reason for any difference.
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THIS PAGE MAY BE USED FOR SCRATCHWORK.
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STOP

END OF SECTION li, MECHANICS

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION n,
MECHANICS, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.

e MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION
INFORMATION AS REQUESTED ON THE BACK COVER OF THIS
BOOKLET.

e CHECK TO SEE THAT YOUR AP NUMBER APPEARS IN THE TWO
BOXES ON THE BACK COVER (TOP LEFT AND RIGHT).

® MAKE SURE YOU HAVE USED THE SAME SET OF AP NUMBER
LABELS ON ALL AP EXAMINATIONS YOU HAVE TAKEN THIS YEAR.
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Mech. 3.

Some physics students build a catapult, as shown above. The supporting platform is fixed firmly to-the ground.

The projectile, ofm@sgl_()}g,_ﬂlgg_da&cup A at ope end o'f'tﬁ/rot’atmgann A counterweight bucket B that is to
be loaded with various masses greater than-10.kg is located at the other end of the arm. The arm is released ff—gﬂ?f_ﬁg
horizontal position, shown in Figure 1, and begins rotating. There is a mechanism (not shown) that stops the anm in
the vertical position, allowing the projectile to be launched with a horizontal velocity as s shown in Figure 2.

(a) The students load five different masses in the coynterweight bucket, release the catapult, and measure the
resulting distance x traveled by the 10 kg projectile, recording the following data.

Mass (kg) | 100 | 300 | 500 | 700 | 900
x (m) 18 37 45 48 51

i. The data are plotted on the axes below. Sketch a best-fit curve for these data points.
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ii. Using your best-fit curve, determine the distance x traveled by the projectile if 250 kg is placed in
the counterweight bucket.
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GO ON TO THE NEXT PAGE.
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(b) The students assume that the mass of the rotating ai'm, the cup, and the counterwejght bucket can be neglected.
With this assumption, they develop a theoretical model for x _as a function of the counterweight mass using the

relationship x_= u,2, where v, is the horizontal velocity of the projectile as it leaves the cup and ¢ is the time
after launch. - _ R —

i. How many seconds after leaving the cup will the projectile strike the ground?
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ii. Derive the equation that describes the gravitational potential energy of the system relative to the ground
(/ when in the position shown in Figure 1, assuming the mass in the counterweight bucket is M.
—
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S 'iii._ Derive the equation for the velocity of the projectile as it leaves the cup, as shown in Figure 2.
U, + K, = U, tk,
294+ 294™M + O= Mg k., + 2mMaV "
294+ 294 M = 470 v +-lo v®
204M =176 = g2
_\’?—.__._- 'Ljo‘(ﬁ - 76
| | =
fz‘m#h 1174
5

GO ON TO THE NEXT PAGE.
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S/i'.' Complete the theoretical model by writing the relationship for x as a function of the counterweight mass
using the results from (b)i and (b)iii. <
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ii. Compare the experimental and theoretical values of x for a counterweight bucket mass of 300 kg. Offer a
reason for any difference.
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