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2-1.

2-2.

2-3. (a) 

(b) 

(c) 

(d) 
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2-4. The quantity required is the kinetic energy. 

(a) 

(b) 

(c) 

2-5.

Because work is done on the system, the mass increases by this amount.

2-6. (Equation 2-5)

(a)

Thus, 

(b)

Thus, 

(c)

Thus, 

2-7. (a)

(b)      (Equation 2-9)
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(Problem 2-7 continued)

(c)

(d) Classically, 

% error = 

2-8. (Equation 2-9)

Or  

(a)

(b)

(c)

2-9. (Equation 2-10)

(a)

    Because E >> mc2, 

(Equation 2-40)

(b) (Equation 2-36)

(c) Assuming one Au nucleus (system S) ) to be moving in the +x direction of the lab

(system S), then u for the second Au nucleus is in the !x direction.  The second Au’s

energy measured in the S)  system is :
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(Problem 2-9 continued)

2-10. (a)

(b)

so, 

.

(c) , so 1g of dirt will light the bulb for:

2-11. (Equation 2-10)

where 

(Equation 2-9)

(Equation 2-32)
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2-12. (Equation 2-10)

(a)

(b) (Equation 2-32)

2-13. (a) 

(b) (From Equation 2-32)

2-14.

(a)

(b)
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(Problem 2-14 continued)

   

2-15. (a)

(b) It would make no difference if the inner surface were a perfect reflector.  The light

energy would remains in the enclosure, but light has no rest mass, so the balance

reading would still go down by 21 :g.

2-16.

    

2-17.

Energy to remove the n

    

2-18. (a) 

(b) 
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2-19. (a) 

(b) 

(c) 

2-20.

2-21. Conservation of energy requires that or

 and conservation of momentum requires that

 so

Thus,  is the minimum or threshold energy Et that a beam proton must

have to produce a B0.

2-22.
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2-23. Conservation of momentum requires the pions to be emitted in opposite directions with

equal momenta, hence equal kinetic energy.  50 rest energy = 497.7 MeV. B+ and B! rest

energy (each) = 139.6 MeV.  So, total  and

each pion will have  of kinetic energy.

2-24.

(a) On being absorbed by your hand the momentum change is  and, from

      the impulse-momentum theorem, 

This magnitude force would be exerted by gravity on mass m given by:

(b) On being reflected from your hand the momentum change is twice the amount in part 

      (a) by conservation of momentum.  Therefore, .

2-25. Positronium at rest: 

Because 

After photon creation; 

Because and energy is conserved, 

 for the photons.

2-26.    (Equation 2-31)
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2-27.       (Equation 2-31)

(a)

(b)

2-28.

  E/mc2

2-29. (Equation 2-31)

2-30. (a) (Equation 2-37)

   which we have written as (see Problem 2-29)

And 

Then, 

(b) exceeds m by a factor of 
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2-31. (a) 

(b) 

2-32.      (Equation 2-44)

Earth radius R =  and mass M = 

 

2-33. Because the clock furthest from Earth (where Earth’s gravity is less) runs the faster,

answer (c) is correct.

2-34.

2-35. The transmission is redshifted on leaving Earth to frequency f, where

   Synchronous satellite orbits are at 6.623RE where                 
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2-36. 

On passing "below" the white dwarf, light from the distant star is deflected through an

angle:

    or the angle between the arcs is 

2-37. The speed v of the satellite is:

Special relativistic effect:

After one year the clock in orbit has recorded time , and the clocks differ by:

, because v << c.  Thus, 

Due to special relativity time dilation the orbiting clock is behind the Earth clock by 

9.65 ms.

General relativistic effect:

In one year the orbiting clock gains

The net difference due to both effects is a slowing of the orbiting clock by 9.65!1.03 =

8.62 ms.

2-38. The rest energy of the mass m is an invariant, so observers in S) will also measure 

m = 4.6 kg, as in Example 2-9.  The total energy E) is then given by: 

  Because, ,
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2-39. (a)

 (length of one bundle)

The width of the bundle is the same as in the lab.

(b) An observer on the bundle "sees" the accelerator shortened to 978 m from its proper

length L0, so .

(Note that this is about 2.5 times Earth’s 40,000 km circumference at the equator.)

(c) The e+ bundle is 10!2 m long in the lab frame, so in the e! frame its length would be

measured to be: 

2-40.  If , then .

(a)     (Equation 2-32)    Where 

(b)

2-41. (a) The momentum p of the ejected fuel is:

Conservation of momentum requires that this also be the momentum ps of the

spaceship:

Or,   

Or, 
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(Problem 2-41 continued)

(b) In classical mechanics, the momentum of the ejected fuel is :

 which must equal the magnitude of the spaceship’s

momentum , so 

(c) The initial energy Ei before the fuel was ejected is  in the ship’s rest

system.  Following fuel ejection, the final energy Ef  is:

where 

 

The change in energy )E is

 of mass has been converted to energy.

2-42. (a)     (Equation 2-38)

        

For E >>mc2, E = Ek and E = pc (Equation 2-32) ˆ Ek = pc = 2.87×109 MeV

(b) For E = pc, u=c and 

2-43. (Equation 2-47)

 The fractional shift is:

The dwarf’s radius is:
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(Problem 2-43 continued)

Assuming the dwarf to be spherical, the density is:

2-44. The minimum energy photon needed to create an e!! e+ pair is  (see

Example 2-13).  At minimum energy, the pair is created at rest, i.e., with no momentum. 

However, the photon’s momentum must be  at minimum.  Thus,

momentum conservation is violated unless there is an additional mass ‘nearby’ to absorb

recoil momentum.

2-45.

Canceling ( and  gives: 

In an exactly equivalent way, .

2-46. (a)   where so . 

Thus, the speed of the particle that is moving in S) is:

 from which we see that:
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(Problem 2-46 continued)

And thus, 

(b) The initial momentum  in S) is due to the moving particle, 

 were given in (a).

(c) After the collision, conservation of momentum requires that:

(d) In S:   (M is at rest.)  Because we saw in (c)

      that , then  in S.

In S) :  and substituting for the square root from (a),

.  Again substituting for M

      from (c), we have: .

2-47. (a) Each proton has  and because we want  then ( = 2 and

 .  (See Problem 2-40.)

(b) In the lab frame S) :

 where u = v and ux = !u yields:

(c) For  and the necessary kinetic energy in

the lab frame S is : 
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2-48. (a)

(b) The box moves a distance , where , so

(c) Let the center of the box be at x = 0.  Radiation of mass m is emitted from the left end

of the box (e.g.) and the center of mass is at: 

When the radiation is absorbed at the other end the center of mass is at:

Equating the two values of xCM (if CM is not to move) yields:

Because and the radiation has this mass.

2-49. (a) If < mass is 0:

Squaring, we have

Collecting terms, then solving for , 

     Substituting 

 so, 

(b) If 

Solving as in (a) yields 
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2-50. (Equation 2-47)

Since 

 

2-51.

2-52. (a)
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(Problem 2-52 continued)

Because , note from Equation 2-1 (inverse form) that .

Therefore, 

(b)   

  because S' moves in +x direction and the instantaneous transverse impulse

(small) changes only the direction of v.  From the result of Problem 2-5 (inverse

form) with 

Therefore, 

2-53. (a) Energy and momentum are conserved.

Initial system: E = Mc2 , p = 0

invariant mass: 

Final system:

invariant mass: 

For 1 particle (from symmetry)

Rearranging, 

Solving for u,

(b) Energy and momentum are conserved.

Initial system: E = 4mc2

invariant mass:    

Final system:

invariant mass: 

where 
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(Problem 2-53 continued)
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