Momentum Conservation in an Explosion

Introduction

The momentum of an object is defined to be the product of its mass and velocity. When two objects interact, their individual momenta may change but the total momentum of the system, p, remains constant before, during, and after the interaction provided that no external forces are acting. This is called the conservation of momentum principle. Stated mathematically for a two‑object system:

Pi = Pf
mAviA + mBviB = mAvfA + mbvfB


where mA is the mass of object A, mB is the mass of object B, and viA, vfA, viB and vfB are the initial and final velocities of A and B respectively.

In this exercise, you will verify the conservation of momentum principle as two dynamic carts interact during a simulated explosion.
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Equipment Setup



Equipment Required

• Two CBL units

• Two TI‑83 graphics calculators with unit‑to‑unit link cables

• Two Vernier CBL motion detectors

• Two low‑friction dynamics carts (one with a plunger)

• Weights

Program Listing

This experiment requires that havethe CBL, MOTION, and PLOTS programs.

Equipment Setup Procedure

1.
Connect each CBL unit to a TI‑83 calculator with the unit‑to‑unit link cable using the I/O 
ports located on the bottom edge of each unit. Press the cable ends in firmly.

2.
Connect a motion detector to the SONIC port 
on the left side of each CBL unit.


3.
Turn on the CBL units and the calculators.

Equipment Setup

The CBL system is now ready to receive commands from the calculator. Each TI‑83 will store distance values (in meters) to list L4, velocities (in meters per second) to list L5, and corresponding times (in seconds) to list L2.

Instructions

1.
Measure the mass of each cart and record these values. (Some carts have been measured with the mass recorded on the bottom of the cart. Place the carts back to‑back with the spring mechanism of one compressed and ready to be released.

2.
Place the motion detectors at the ends of the (level) track so that the carts will move toward the motion detectors when the spring mechanism is released.

3.
Make sure the CBL units and the TI‑83 calculators are turned on. Start the CBL program on each TI‑83 and select MOTION from the CBL MAIN MENU. Select MOTION from the MOTION MENU. Position the carts at the center of tahe track. Press “Enter” on each calculator to zero the motion detectors, and then enter five seconds when prompted for the collection time on each calculator. (After a trial or two, you might decide to use a smaller time value.

4.
When you are ready to start collecting data, press “Enter”  on both calculators simultaneously. Release the spring mechanism as soon as you hear the "clicking" sound, which indicates that the motion detector is collecting data. If the carts do not follow straight‑line paths toward the motion detectors, you will have to collect the data again.

5.
When you are satisfied with your results, select VELOCITY‑TIME at the PLOT OPTIONS menu to see a graph of velocity versus time on each calculator. You may need to adjust Ymax and Ymin in the Window so as to create an appropriate viewing rectangle. If you are satisfied with the graphs, print them on the computer using  the TI‑GRAPH LINK.

6.
Use “Trace” to move along the velocity‑versus‑time plots on each calculator and estimate the velocity of each cart just after the simulated explosion. Record these values. One is vfA and the other vfB. It would be a good idea to print out the graphs with the TI‑GRAPH LINK. Since the carts were moving away from each other just after the spring was released, vfA and vfB should have opposite signs.

Repeat this experiment at least two more times, varying the cart masses by placing one or more bricks on each cart. For each trial, record the total mass and final velocity of each cart.

Analysis

1.
Be sure to include scales and axes labels for each graph that you include in your report.

2.
Calculate the total momentum for the two‑cart system immediately before and immediately after the simulated explosion using the formulas given in the introduction section and the mass and velocity values you obtained How does Pi  compare with Pf ? Is momentum conserved in this explosion?

3.
Is momentum conserved as the carts slow down and eventually come to rest? Explain why or why not.
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