PHAS1245 - Problem Class 3 - Solutions
1. (a) We have
AP = A2 + A2+ A2 =22+ 3% + (1) = 14,
B =B2+ B2+ B?=2"+ (-1)?+2*=9,
A-B=A,B,+A,B,+A.B. =2x2+3x(~1)+(-1)x2=4-3-2=—1.

But A- B = |A||B| cos§ and substituting in the above numerical values we get

-1
—1=+vV14 x V9cosf = cos) = —— = § ~ —95°.

3v/14
(b) The two unit vectors are
P /Y A A ~ A é A A A

(c¢) Form two right-angle triangles projecting one vector onto the line of the
other. Then

P =|A|cos® =A-B/|B| =—-1/3,
which is negative since 6 > 7 /2. Note that this is not the same as the projection

Q of B onto A:
Q =|B|cost = A-B/|A| = —1//14.

k
1| =(9+3)i—(6—1))+ (6+3)k =12 — 5) + 9%
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A x B =122+ (-5)* + 9 = 250
On the other hand
A2 =243 4 (—1)’=14, B*=(-172+3*+3=19

Hence

L 250 N .
sin’f = = ~ 09398, = 0~ T5.80
Alternatively, -
A.B=-219-3=4
and
g4
T TIx 19

which leads to the same value of the angle . The two results are consistent

because 950 16
. 9 2
+ =— 4+ —=1.
sin® 6 4+ cos“ 6 566+ 266



a aty —at’ d? at’ —at’y at —at
T =A(e"i+e v)), — = Aa(e™i — e j) and v, = Aae™, v, = —Aae

T odt
= v = A« (620“ + e_QO‘t)% .

4. You get the acceleration by simply taking the time derivative of the velocity
expressed in polar coordinates. Remember that

ar _ 4 o _
a0 a0

Ultimately you should get:
d>r o\’ 420 _drdo]
= —r || |+ |r=m+2=|0.
¢ [dﬂ T(dt) ]TJrlrdt?Jr dtdt]

5. Remembering that the connection between polar and cartesian coordinats is
x =rcosf and y = rsinf, we find that x = (1/ cost) cost = 1, so the trajectory
of the particle is the line x = 1, parallel to the y-axis.

We have

dt t " cos?t dt
d*>r  d [ sint 1 2sin? ¢
7 =i (o)
and ofcourse d?0/dt> = 0. Then using the formula for acceleration in polar
coordinates we have:
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6. Bring the inner particle P, to rest by applying the vector a;wi to both particles
in the direction shown on the diagram.

Treat P; as the origin of (r,0)(or r, ) coordinates.



Since v = %? rfl—fé

dé

we need only consider velocity components perpendicular to 7 if we require o

or .

do
Thus rﬁ = r{) = aqw1 cos B + aswy cos «

but from the cosine rule we have

a3 = a3 +r? —2a;rcos B and a7 = a3 + 12 — 2asrcos @ .

So 10 — wid (—a3+a? +1%)  wyas(—a? + a2 +1r?)
i 2a,7 2a97 ‘

1 1 2 2
Hence Qzé((x)1+w2)+§(wl_w2)< 2 )

The motion reverses its direction when Q = 0. Putting Q = 0 and r?
a? + a3 — 2a1a; cos § in the above, we get

3 3 3 3
2a1ascosf(af +a3) = (af +a3)(

The above yields the condition
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cos ) — aia +azay \/a1as
ai + az — y/aias

ai + a3




