
HW 1 SOLUTIONS
Problem 1Writing out v �w in 
omponents, we havev�w = (vywz � wyvz; vzwx � vxwz; vywz � vzwy) (1)so taking the dot produ
t with z gives(v�w) � z = zx(vywz � wyvz) + zy(vzwx � vxwz) + zz(vywz � vzwy) (2)whi
h is exa
tly what we'd get by expanding out the determinant.Problem 2This problem is mostly just matrix multipli
ation, so we'll do little morethan quote the answers.a)We have AB = 0B� 1 �2 11 �2 95 3 3 1CA (3)so jABj = 1(�6� 27)� 1(�6� 3) + 5(�18 + 2) = �104.b)AC = 0B� 9 713 95 2 1CA
)ABC = 0B� �5 �53 �525 14 1CAd) AB � BtAt = AB � (AB)t= 0B� 0 �3 �43 0 64 �6 0 1CA
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Problem 3Our Equation of Motion is m�y + � _y = �mg (4)where � > 0. This equation is both separable and an inhomogenous 
onstant
oeÆ
ient linear ODE (ICCLODE for short), and thus has two standardmethods of solution (remember that ODE 
ourse you took and then promptlyforgot about?). We will view this equation as an ICCLODE and solve ita

ordingly.First, we solve the homogenous equationm�y + � _y = 0 (5)by making the usual ansatz yh = Aert whi
h, when plugged in to (5), yieldsthe following algebrai
 equation for r:mr2 + �r = 0; (6)with solutions r = 0;� �m , so the general solution to the homogenous equationis yh(t) = Ae� �m t +B (7)where A and B are undetermined 
onstants. Now we just need a parti
ularsolution to the inhomogenous equation (4). A little trial and error revealsthat yp(t) = �mg� t is su
h a solution, so adding them together gives thegeneral solution to the inhomogenous equation,y(t) = Ae� �m t +B � mg� t: (8)Setting y(0) = h and _y(0) = v yields two algebrai
 equations in A and Bwhi
h 
an be solved to give, �nally,y(t) = h + m� (v + mg� )(1� e� �m t)� mg� t: (9)Problem 4Without air resistan
e, the equations of motion are easily integrated to givex(t) = vxt (10)y(t) = �12gt2 + vyt: (11)2



To �nd the time at whi
h the parti
le hits the ground we set y(tground) = 0and �nd tground = 2vyg (12)whi
h we then plug into our expression for x(t) to �nd that range is 2vxvyg .To in
lude air resistan
e we note that our ve
tor EOMm�x + � _x+mgŷ = 0 (13)de
ouples into m�x + � _x = 0 (14)m�y + � _y +mg = 0 (15)so borrowing our result from problem 3 and imposing slightly di�erent initial
onditions we havey(t) = m� (vy + mg� )(1� e� �m t)� mg� t; (16)a trans
endental equation in t whi
h we 
annot solve analyti
ally to �ndtground:Problem 5A one-liner: de�ning a distan
e fun
tion in su
h a way would depend highlyon the 
hoi
e of 
hart that you make, and is hen
e not a sensible de�nitonsin
e fun
tions must have unique values.
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