
HW 5 SOLUTIONSProblem 1HF Chapter 3, problem 21dOur EOM is �q + 2 _q + q = Æ(t): (1)To solve, we take the general solution to the homogeneous equation q(t) =Ae�t + bte�t for t > 0 and math it to q(0) = 0 for t < 0 using appropriateboundary onditions. Integrating the EOM from �� to +� and letting �! 0yields _q(0+) = 1 (2)whih when ombined with q(0) = 0 yields�A +B = 1 (3)A = 0 (4)so q(t) = ( te�t t > 00 t < 0 (5)Hene G(t� t0) = (t� t0)e�(t�t0) (6)Alternatively, one an just take the derivative of the step funtion solutionqstep(t) = 1 � e�t � te�t sine the derivative of a step funtion is a deltafuntion.Problem 2HF hapter 3 problem 13Our EOM is �q + q = sinat (7)so we try a partiular solution of the form qp = Asinat, yielding�Aa2 + A = 1) A = 11� a2 (8)1



Thus the general solution isq(t) = Asint +Bsint + 11� a2 sinat (9)so applying our initial onditions q(0) = _q(0) = 0 yields (we skip the algebra)q(t) = 1a2 � 1(asint� sinat) (10)Problem 3HF Chapter 3 problem 19a) A DSHO with 0 inital veloity and position and step funtion driving foresatis�es q0(t) = 1� e�t=2Q(os!0t+ 12Q!0 sin!0t) (11)where we have orreted the erroneus minus sign found in the text's eqn(3.48). In the ase we're examining now, we have a driving funtionF (t) = �(t+ T=2)� �(t� T=2) (12)so we suspet that we may solve this for t > T=2 by taking a superpositionof appropriately translated versions of (11), i.e.q(t) = 8><>: 0 t < �T=2q0(t + T=2) �T=2 < t < T=2q0(t + T=2)� q0(t� T=2) t > T=2 (13)Our guess for �T=2 < t < T=2 makes sense sine it is the solution for a stepfuntion driving fore at t = �T=2. Our guess for t > T=2 makes sense sinewe are then aounting for both steps. To hek that we have really writtendown the orret solution, we note that our q(t) satis�es the EOM for all t,and thatlimt!T=2�q(t) = q0(t + T=2)jt=T=2 = q0(T ) = limt!T=2+q(t) (14)sine q0(t�T=2)jt=T=2 = q0(0) = 0 so q(t) is ontinuous at t = T=2. Similarly,one uses _q0(0) = 0 to show that _q is ontinuous at t = T=2. Hene our solution2



is the orret one, and plugging in (11) yields the text's eqn (3.103) exeptfor an overall minus sign, yet another error in the text.b)From the EOM�q + 2 _q + q = �(t + T=2)� �(t� T=2) (15)we see that, sine q and _q are ontinuous, the disontinuity in �q at t = �T=2omes entirely from the step funtion and has height 1.)For T small, q(t� T=2) � q(t)� T2 _q(t) soq(t+ T=2)� q(t� T=2) � T _q(t) (16)= �Te�t=2Q[� 12Q(os!0t + 12Q!0 sin!0t) + (�!0sin!0t+ 12Qos!0t)℄ (17)= T!0 e�t=2Q( 14Q2 + !02)sin!0t (18)= T!0 e�t=2Qsin!0t (19)= G(t) (20)where we used !02 = 1� 14Q2 .Problem 4HF Chapter 3 problem 22The Lagrangian L = 12 _q2 � 14q4 (21)yields the desired EOM. The energy isE = 12 _q2 + 14q4 (22)and it is onserved sine we have no expliit time-dependene in the La-grangian. The osillator is said to be nonlinear sine the EOM ontainsterms whih are nonlinear (i.e. not �rst order in q, _q and �q).An easily veri-�ed onsequene of this is that the set of solutions to the EOM do not forma vetor spae (i.e. one annot superimpose solutions).
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