Question 2: Version J

2. A projectile of total mass 4M is launched from the ground at position x = 0 and time # = 0. The
projectile is launched with an initial speed v, at an angle 6 above the horizontal. When the
projectile is at the highest point in its trajectory, it breaks into Pieces Q and R of masses M and

3M , respectively.

The motion of the projectile is described for the following times.

from each other horizontally.

shown in Figure 1.
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Note: Figure not drawn to scale.
Part A

At ¢t = ¢, immediately after the projectile breaks apart, the two pieces are moving away

At t = t,, Piece Q reaches the ground at x = 0 and Piece R reaches the ground at x = x,, as

[je =i

The horizontal and vertical components of a momentum vector are represented by p, and p,,
respectively. The shaded bars in Figure 2 represent p, and p, of the projectile immediately

after r = 0.
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On Figure 3, draw shaded bars to represent p, and p, of Pieces Q and Rat 7 = 4.

the shaded bars, consistent with the scale used in Figure 2.

the zero-momentum line.

Part B

Start the shaded bars at the dashed line that represents zero momentum.
Represent the magnitudes of the components of the momentum by using the heights of

Represent any momentum component that is equal to zero by drawing a distinct line on

Derive an expression for x, in terms of v,, 6, and physical constants, as appropriate. Begin
your derivation by writing a fundamental physics principle or an equation from the reference

information.

Part C

The horizontal component of a velocity vector is represented by v,. Figure 4 shows the

horizontal component v, ..,

t during the time interval 0 < ¢ < ¢.
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of the velocity of the center of mass of the projectile as a function of

On Figure 4, sketch a line or curve to represent v, as a function of t for the time interval

t, < t < t, for each of the following.

Piece Q
Piece R

Clearly label all lines or curves.

PartD

The center of mass of the two-piece system

Consider a case in which the projectile is launched at the same angle and initial speed as
initially described. When the projectile breaks into Pieces Q and R, Piece Q falls straight down.

In this case, Piece R reaches the ground at x = x

new -

Indicate whether x,.,, is greater than, less than, or equal to x, by writing one of the following.

¢ Xnew > X2

¢ Xnew < X2

Xnew = X2

Briefly justify your answer either by referencing a feature of the representations you drew in
part A or C or by using conceptual reasoning beyond algebraic solutions.



