PHYSICS 2B, CHAPTER 3
ADDITIONAL PROBLEMS

1. Your starship passes Earth with a relative speed of 0.9990c. After traveling 10.0 y (your time), you stop at lookout post LP13, turn, and then travel back to Earth with the same relative speed. The trip back takes another 10.0 y (your time). How long does the round trip take according to measurements made on Earth? (Neglect any effects due to the accelerations involved with stopping, turning, and getting back up to speed.)

2. An unstable high-energy particle enters a detector and leaves a track of length 1.05 mm before it decays. Its speed relative to the detector was 0.992c.What is its proper lifetime? That is, how long would the particle have lasted before decay had it been at rest with respect to the detector?

3. A rod lies parallel to the x axis of reference frame S, moving along this axis at a speed of 0.630c. Its rest length is 1.70 m. What will be its measured length in frame S?

4. A spaceship of rest length 130 m races past a timing station at a speed of 0.740c.
(a) What is the length of the spaceship as measured by the timing station?
(b) What time interval will the station clock record between the passage of the front and back ends of the ship?

5. What is the momentum in MeV/c of an electron with a kinetic energy of 2.00 MeV?

6. How much work is needed to accelerate a proton from a speed of 0.9850c to a speed of 0.9860c?

7. (a) What is the total energy E of a 2.53 MeV electron?

(b) What is the magnitude p of the electron's momentum, in the unit MeV/c?

8. What must be the momentum of a particle with mass m so that the total energy of the particle is 3.00 times its rest energy?
9. Determine the energy required to accelerate an electron from 
(a) 0.500c to 0.900c and 
(b) 0.900c to 0.990c.

10. An electron has a kinetic energy five times greater than its rest energy. Find 
(a) its total energy and 
(b) its speed.
11. A proton moves at 0.950c. Calculate its 
(a) rest energy,

(b) total energy, and 
(c) kinetic energy.

12. (a) Find the kinetic energy of a 78.0-kg spacecraft launched out of the solar system with speed 106 km/s by using the classical kinetic energy equation.

(b) Calculate its kinetic energy using the relativistic equation.

(c) Explain the result of comparing the answers of parts (a) and (b).
13. Calculate the momentum of an electron moving with a speed of 
(a) 0.010 0c, (b) 0.500c, and (c) 0.900c.

14. An electron has a momentum that is three times larger than its classical momentum. 
(a) Find the speed of the electron. 
(b) How would your result change if the particle were a proton?
15. (a) Calculate the classical momentum of a proton traveling at 0.990c, neglecting relativistic effects. (b) Repeat the calculation while including relativistic effects.
(c) Does it make sense to neglect relativity at such speeds?
