ANSWERS TO PROBLEMS

K.1 (a) 31555872 ~ 3.1556 x 107 seconds per year, (b) 9.46 x 105 n

K.2 12335m?
K.3 (a) (i) 0.0001163, (ii) 6012.88, (b) The factors are reciprocal.

K.4 10 wavelengths

K.5 1000 kg/m®

K.6 1070kg/m®

K.7 3x107*m, or 3/10 mm

K.8 107, one billion

K.9 25m/s

K.10 K ~p?/m

K.11 K~ L%*/I

K.12 (i) P~ pv? (ii)) P~ pgh
K13 a=4=c¢c,b=2,d=4

K.14 See Chapter 47 for time and length. Mass, mp = % ~ 2.18 x 1078 kg ~ 20 ug.

K.15 10.44m/s, (b) 37.58 km/h

K.16 (a) F, (ty) — F, (t;) = aAt, evinces linearity, (b) E, (ty) — F, (t:;) = b(2t; At +

(®)
t)“), not linear, (c tr)— t;) = — =, also not linear
At)? I Folts) — K, Ttran Al li

K.17 (a) (allunitsm) (i) 7.5, (ii) —10, (iii) —10, (iv) 10, (v) —2.5, (vi) —2.5, (b) (allm/s)
(i) 1.5, (ii) —2, (iii) —1, (iv) 2, (v) —=0.1, (vi) —0.25
K.18 (a) 46day, (b) (i) 25km/day, (i) 2% = 21 4L ~ 21.74 kn/day, (c) (i) 21.5kn/day,

(ii) 11xm in the outbound direction of the path, (111) 3¢ ~ 0.239kn/day [outbound ]

K.19 (a) (allinm) (i) 6, (ii) 74, (iii) 82, (iv) 10, (v) 0, (vi) 6, (b) (in m/min) (i) 2/3,
(i) ~3/4, (i) 0, (iv) =5, (v) —L. (vi) 3, (¢) (w/min®) (i) ~1 3. (i) 1/3. (i) 4, (iv) ~2

K.20 (a) (all inm) (i) 4, (") 10, (iii) 0, (iv) 1%, (v) 22, (v) , (b) (inm/s) (i) 3, (i) —1,
(iii) 0, (iv) =5, (v) =3, (vi) 3. (c ) (m/s%) (i) — ,(u) 23, (iif) 153, ( v) 15

K.21 (a) histogram graph, (b) 220km, (c) (i) 44kmh, (ii) 70 kmh, (iii) 50 kmh, (iv) 60 kmh,
(v) 26 2 xmh, (vi) 20 kmh, (d) sketch

K.22  [Units are implicit.] (a) (i) 1, (ii) 2, (iii) 1, (iv) 72, (b) (i) 0, (ii) —

(iv) 134, (¢) () 0, (i) 0. (i) 6. (iv) 18, () () ~1. () 0. (i) 3. (v) !
(vi) 22265, (e) (i) ~4, (i) 1, (i) § =44, (iv) 3 =24, (v) 7, (vi) & =111,
(f) () 2 =3 1, (i) The velocity is assumed to be a continuous and differentiable function of
time. The MEAN VALUE THEOREM ensures that there is a time tg;, with 0 < £9; < 1, for
which the instantaneous acceleration at tp; matches the average acceleration throughout the
first second. In the same way, there is an instant to3, 2 < t23 < 3, when the instantaneous
acceleration matches its average value in this one second interval. The times, ty; and to3, are
independent of one another, and so it is reasonable to expect that the time interval between
them is ~ 2s. Therefore, a reasonable estimate of the average acceleration through this

interval is obtained by taking (vay, 2 — 3 — Vav, 0 — 1)/(2.5 —0.5).
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K.23 (a) (inm) (i) =7, (ii) 7, (iii) 45, (iv) 203, (b) (inm/s) (i) 7, (ii) 19, (iii) 79, (iv) 35
K.24 (a)v(t)=6t2+6t+5, (b)alt)=12t+6

K.25 (a) (i-v) sketches, (b) (i-v) sketches

K 26 (a) (i) v— = (v, —x__)/AL (i) vy = (2, — 2, ) /AL,

a
) Gav = (244 —2 - —z_ +a__)/(ALAT), (c) ag ~ (z, — 2z + x_) /(At)?

K.27 (&) aay =90, (b) (i) 90, (i) 9b, (c) 9b

K.28  (implicit units) (a) (i) 9.5, (ii) inner estimate = 21, outer estimate = 2125, (iii) 37.5,
(b) 28, (c) (Std. method: narrow) 40, (Std. method: wide) 25, (hybrid method) 30

K.29 2(2) =62 m, v(2) =53 n/s, a(2) =3 n/s?

K.30 (a) (implicit units) (i-iv) all 0, (b) (i) =3, (ii) 3x/2, (iii) —3x/5, (iv) 0,

(¢) (i) 6, (ii) —37/2, (iii) 67/25, (iv) O

K.31 (a)m, s % s71 rad, (b) v(t) = —Ae 7 (y cos(wt + ¢) +w sin(wt + ¢)),
a(t)=Ae 7t [(v2 — w?) cos(wt+ ¢) + 27w sin(wt + ¢)]

K.32 (a)m/s,s7% s, (b) v(t) =Vo (1+4atdt? —4at?) exp (—a(t* —13)?),

a(t) =4Voat (33 + (4aty —5)t* —8atdt* +4atf) exp ( — a (t* —13)?), (c) (i - iii) all 0,
(d) (i-iii) all 0, (e) (i-iii) all 0

K.33 (a) (i) 1, (ii) —1, (iii)) —1, (iv) 0, (v) 1 (all in m/s), (b) (i) —0.5, (ii) —0.4,

(ifi) —0.125, (iv) 0 (n/s?), (c) (i) —0.5, (ii) 0, (i) 0.5 (m/s?), (d) t =2,8 s

K.34 (a) (m) (i) 15, (ii) 30, (iii) 30, (iv) 10, (b) 20m/s, (c) 15m/s

K.35 (a) 1700m, (b) 25m/s, (c) 5.67 us, validating the approximations that the light
reached you “instantaneously”

K.36 (a) 510m, (b) 10m/s, (c) 1.7 us, effectively instantaneous

K.37 Answers will vary somewhat. (a) Measure, or otherwise determine, the area under
the curve on the graph. (b) Read instantaneous velocities directly from the graph.

(c) Divide the value obtained for part (a) by the duration of the interval, ¢;. Alternatively,
find the constant velocity which bounds the same area as that found in part (a) through
the same time interval. (d) Read vy = v(ts), vo = v(0), and t; from the graph and form
aay = (vy —v9)/(ty —0). (e) The instantaneous acceleration at ¢ is equal to the slope of the
tangent to the velocity curve at that particular time.

K.38 t=17Ts

K.39 (a) (i) 3(7£V15) s, (ii) £2v15 /s, (b) (i) 3.5, (ii) 7.5m

K.40 (a) (i) 6t — 12, (ii) 3¢ — 12t +6, (b) (i) —3, (ii) —6, (iii) =3, (iv) 6 (all in m),
(c) (i) Yes, (ii) 2+ V2 s

K.41 (a) v(t) =4t —1, z(t) = 2¢> —t + 5, (b) sketch

K.42 (positions in cm, velocities in cm/s) (a) (i) 4, =5, (ii) 2, 3, (iii) 16, 11, (iv) 46, 19,
(b) (i) 32, —15, (ii) 10, —7, (iii) 4, 1, (iv) 14, 9

K.43 (a)v(t) =43+ 912 +2¢t, z(t) = t* + 31> + 2, (b) a(2) = 86, v(2) = 72, x(2) = 44
K.44 (a) (i) 0, (ii) 6, (iii) 6, (iv) 10, (b) for —1 < t < 2, v(t) = 3t2 — +3/2, while for
2 <t<d4,v(t)=24-8t (c) (i) 0, (ii) 8, (iii) 8, (iv) 0, (d) for —1 < t < 2, a(t) = 6t—312/2,
while for 2 < t < 4, a(t) = —8

K45 (a) () v(t) =0, <0, v(t) =2t —12/3,0 <t <6, v(t) =0, 6 < t, (ii) =(t) = 0,
t<0,2(t) =2 —13/9,0 <t <6, 2(t) =12, (b) (i) v(t) =2, t < 0, v(t) = 2 + 2t — £2/3,
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0<t<6,0v(t)=26<t (ii) z(t) =2t +3, z(t) =3+2t+1>—13/9, 0 < t < 6,
x(t) =15+ 2t

K.46 (a) (i) 20, (ii) 20, (iii) 20 (all m/s ) (b) (i) 20, (ii) 25, (iii) 25 (m/s),

(c) (i) 40, (ii) 60, (iii) 160 (all m), (d) (i) 40, (ii) 62.5, (111) 187.5 (m), (e) sketches

K.47  (velocities in m/s, positions in m) (a) (i) 5t, (ii) 30, (b) (i) 3 542, (ii) 90 + 30 (t — 6) =

30t — 90, (c) sketches, (d) (i) 2¢, (ii) 30, (e) (i) ¢, (i )225+30(t—15)—30t—225,
(f) sketches

K.48 (a) 10, 5, (b) 20, 20, (c) 30, 45, (d) 40, 80, (e) 50, 125, (n/s, m), (f) histogram

K.49 (a) (i)t — 0, all — 2, (ii) t — 3, all — 5, (b) sketches, (¢) vs,av = 3, V,av = 3.5,
Vp.av = 4, (d) The particles travel different distances in the common time interval.

K.50 (a) (Position, velocity, acceleration values appear in this order at each instant (i-iv) with
implicit units.) (1) 2 Xo, —4 Xo, 2 (8 — 7T2) Xo >~ —3.7392 X, (11) 0, —m Xo, 27 X,
(ili) —2 Xo, § Xo, 2 (72 —8/9) ~5.9871, (iv) 0, 5 Xo, —5 Xo, (b) sketch

K.51 (a) Sketch, (b) (i) —2e7*/2°, (i) & e™*/2°, (c) 20 In(5) ~ 32.19s

K.52 (a)sketch, (b) (i) (37 cos(mt/6)—1 sin(mt/6)) e~/20, (ii) [(%—53%2) sin(mt/6)—
2 cos(mt/6)] e~t/20 (c) Estimate from the graph: t, ~ 16s

K.53 (a) [Xo] =m, [a] = s, (b) decreasing with time,

(c) (i) Xo [—In(3 + v/10) — In(—4 4+ V17)] ~ 0.2763 X,

(i) Xo [-In(6 + v/37) — In(—7 + 5v2)] ~ 0.1523 Xo, (d) The displacements in equal time
intervals decrease with time.

K.54 (a) [Xo] =m, [a] =s, (b) increasing with time,

(c) (i) Xo [sin™'(1/3) —sin~'(1/4)] ~ 0.08715 X,

(i) Xo [sin™'(3/4) —sin~'(2/3)] ~ 0.11833 Xy, (d) The displacements in equal time inter-
vals increase with time.

K.55 (a) (i) 6(1 —e %/3), (ii) 6t — 18 (1 — e ¥/3), (b) (i) — 67, (ii) — 6

K.56 (a) (i) 7A(1—e t/7), (ii) (i) TAt — 72 A(1 — e ¥/7), (b) (1) — T A, (ii) — 7 At
K.57 (a) sketch, (b) (i) 0, 0, (i) 2, 1, (iii) 4, 4, (iv) 0, 6, (v) —4, 4, (vi) —8, —2

K.58 Fort <0, z(t)=0,0<t<6, x(t)=1t* for 6 <t <10, z(t) = 3t* — 18¢+ 54, for
10 < t, 32t — 196

K.59 Ofort <0, t3/18 for0 <t < 6, 102—42t+11t2/2—t3/6 for 6 <t < 10,18¢t—344/3
for t > 10

K.60 2(5) =15m v(5) =0n/s

K.61 z(5)=4Zm v(5)=1n/s

K.62 (a) (i) 0, (ii) 3/2, (iii) 2, (iv) 3, (b) (i) 0, (ii) 5/6, (iii) 8/3, (iv) 5
K.63 17.5m

K.64 (1/3/2,1/2)

(
(a) 13m/s, (b) —tan—1(12/5) ~ —67.38°
K.66 (a) (16, 2), (b) (8, 8), (c) (56, 0), (d) 33R = (396, 165), (e) (12, —=3), (f) (5, 4)
(a) 65 cos(/6) = 65+/3/2, (b) 5/3/2
(a)
(a)

K.65

K.67
K.68
K.69

(i) 56 [along z — axis], (ii) (0, 0, 56), (i) 30 [ ® ], (b) (i) —33, (ii) —33, (iii) 0
(2,0,0), (b) (0, -2,0), (c) 0, (d) (0,0, 2)
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K.70 The sum is zero, since each vector appears along with its additive inverse.

K.71  [Typo alert: This question is ill-formed in the first printing. The triangle inequality
should (and in reprintings does) read |74_)+ B ’ ’A_) + J
Expand the square of the LHS: (A + B) (A + E) A +24 B+ B-B. Recognise
that - B < ’Z ‘ ’F ‘ according to the Cauchnychwarz identity [or the defining properties of
cosine]. Thus, the square of the LHS is less than the square of the RHS, and the triangle
inequality holds for all pairs of vectors.

K.72 Both vectors have magnitude 100.

K.73 (a) sketch, (b) |4] = v/26 ~ 5.10, 04 = 0.1974xad, 0,4 = 11.31°, |B| =25 ~
4.48, O = —0.4636rad, A = —26.57°, |C] = 3v2 ~ 4.23, c = 0.7854rad, ¢ = 45°,
|D| = 25 ~ 4.48, fp = ~1.107rad, fp = —63.44°, |E| = /26 ~ 5.10, 0 = 1.373rad,
0p = 78.68°, (c) (i) F= (15, 3), (i) |F) — 3/26~ 153, 05 — 0.1974 rad — 11.31°,

(d) (i) G=(3,55), (ii) |G|=+3034~55.1, 6 = 1.5163 rad = 86.88°

K.74  (all lengths in cm) (a) sketch, (b) 7 (33, 3) = (0, 6), 7 (=33, 3),

V.= (-3v3,-3), V. = (3, -3v3), V, = (3v3, -3). (c) () (3, 6 —3v/3) = (3, 0.804),
(i) 3.106, 0 ~ 0.2618 rad = 15°, (d) V. — (0, —6)

K.75 Southeast
K.76 5 kn/n [north]
K.77 1/3 floor/h [upward ]

K.78 0
K.79 (a) 13/12 mile, (b) v/97/12 ~ 0.82 mile
K.80 (a) 40 (1 +v/2) ~ 96.57 km, (b) 40 km west, 80km north, or 40/5 km at 26.57° west

of north, (c) 10(1 4 v/2) ~ 24.14kn/h, (d) 10km/h west, 20km/h north, or 10v/5 km/h at
26.57° west of north

K.81 (a) 115km, (b) (—45, 100) km or 5+/481 km at 24.23° west of north, (¢) 23km/h,
(d) (=9, 20) km/h or v/481 ~ 21.93 km/h at 24.23° west of north

K.82 (a) 100km, (b) (42.3, 82.3) km = 92.6 km [at 27.23° east of north], (¢) 25km/h,
(d) (10.6, 20.6) km/h = 23.2km/h [at 27.23° east of north]

K.83 (a) (5+1t, 10 —2t), (b-c) sketches, (d) no, (e) at y = —480m, when t = 245 s
K.84 (a)v29m/s, (b) (4, —6,8) m, (c) (5, =7.5, 10) m

K.85 (a) 18cn/s, (b) (i) (12, —12, 6) en/s, (ii) (6, 18, 20) cm, (c) (24, 0, 29) cn
K.86 (a) (i) 3T km/min, (i) 13km at 22.62° north of east, (iii) 3 km/min at 22.62° north

of east; (b) (i) 4km/h, (ii) 2km west, (iii) 4km/h west, (c¢) (i) 1km/h, (ii) 1km south,

(iil) 0.2xm/h south, (d) (i) 1km/min (ii) 5km at 36.87° west of north, (iii) 1 km/min at 36.87°
west of north

K.87 (a) (i) 0.2km/min = 3% m/s, (i) 5km at 36.87° north of east, (iii) % km/min at 36.87°
north of east or 2.38m/s at 36.87° north of east, (b) (i) 2kn/min or 333 /s, (ii) 2kn due
cast, (ili) 2km/min cast or 333 m/s east, (c) (i) 2.5km/h = 0.694n/s, (ii) 1km south,

(iil) 0.25km/h south

K.88 (a) (i) 7xm, ( ) km, (iii) 36 87° east of north, (b) (i) + km/h, (ii) + km/h at 36.87°
east of north, (c) (i) 12 km/h (ii) & i 2 ¥m/h at 36.87° south of east (d) (1) 13 km at 14.25°
south of east, (ii) 19/52 km/h, (iii) 7 km/h at 14.25° south of east

) (ii

K.89  (a) (i) (0,0), (i) (32, 2), (ili) (12, 0), (b) (i) (0, 0), (ii) (48, 2), (iii) (92, 4)



K.90 (a) (i) (0, 41), (i) (0, 16), (iii) (0, 2¢?), (iv) (0, 32),

(b) (1) (B(t—4),16—4(t—4)) = (3t —12, 32— 4¢), (i) (12, 0),

(i) (3 (t—4)%,324+16(t —4) —2(t —4)?) = (32 —12¢ + 24, —21? + 32¢ — 64),

(iv) (24, 64), (c) (i) (12, 0), (ii) (12, 0), (iii) (24 + 12 (¢ — 8), 64) = (12¢ — 72, 64)

K.91 (a) sketches, (b) (i) (12¢, —51), (ii) sketches, (c) (i) (6¢2, —3 ), (ii-iii) sketches,
(d) inertial motion in the direction 75 (12, —5)

K.92 (a) (i) (4,2), (i) (4, 2), (b) (i) (8,0), (ii) (16, 4),

(©) () (8, 0), (i) (16 +8(t — 1), 4) = (8¢ — 16, 4)

K93 o=(t-1,2+1%),F=(1—-t+1?, -3+2t+1¢?)

K.94 (a) (i) 2202 ~10.48n, (i) 10.48m, (b) 11 (113 +1/203) ~ 1.32m and 9.16m

K95 (a) (i) v, = 152 v, =15 _10¢,r, = 53¢ r, =154 542 (ii) 1.5s,

(iif) 453 ~ 19.48m, (b) (i) v, = 2, v, = B2 _10¢, r, = B¢, r, = 53¢ 542
(i) 22 ~ 26s, (i) 85 ~ 19.48n, (c) () v = 2, v, = B8 _10¢, r, = D4,
ry =234 542 (i) 38 ~ 4.33s, (iii) 1253 ~ 54.12m

K.96  Opax = 7/4 rad
K.o7 U sin(fy) cos(6p) (1 + \/1 +2gH/(vg sin®(6p)) )
g 0 0

K.98 (a) v2s, (b) 3v2m, (c) (3, —10v2) = v/209 n/s at tan~'(101/2/3) ~ 78° from

horizontal, or 12° from vertical

K.99 (a) 240m, (b) § = sin~* (%) — tan~! (%3) ~ 0.694 rad ~ 39.76°

K.100 (a) 50m/s, (b) (50, 150) m/s, (c) nope
K.101 1++1/2~2414 s and (10 (1++2), —5) ~ (24.147 —5) m WRT launch point

K.102 (a) 160m, (b) 160.9 m, (c) 22.38 m, (d) 0.9 m. Have the defending archers fire from
the roof to gain increased range until the attackers are well within 160m from the tower.

K.103 (a) (40 cos(fp)t, 20 + 40 sin(6p) t — 5¢2),
(b) Range = 160 cos(fp) (sin(@o) + 4 /sin?(0g) + 1/4)7 (c) tan~! (2/V/5) ~ 41.8°,
(d) Max. Range ~ 178.9m, a significant increase

K.104 (a) 4 sin(15) ~ 1.035 s, (b) 15 m from scrimmage, 20 from QB, (c) 25 m, (d) 53.13°
from forward, (e) 8.24 m/s

K.105 (a) Max. height ~ 1.225m, Range ~ 4.9m, (b) 255.65 n

K.106 (a) 8s, (b) (i) 320m, (ii) 45° below horizontal, (c) (i) (=80, 160) m/s?,
(i) 178.9 m/s?, tan~!(2) ~ 63.4° backward and up above horizontal

K.107 (a) vo =11 n/s, 6y = tan™" (2/30) ~ 1.48 rad ~ 84.78°, Dy ~ 1.095 m,
(b) @ay ~ 30.25 m/s? ~ 3 g

K.108 (a) 700m/s, ~ 99s, (b) 30625m/s?, lethal acceleration

K.109 The range constraint fixes the angle to be nearly 22° or 68°. Of these, only 68°
enables the balloon to pass over the fence. Therefore, fire at 68° elevation above horizontal.

K.110  (a) (i) 2097 ~ 1047.2 m, (ii) 27 n/s, (iii) (—500/3,0) m, (iv) (—2553,0),

(b) (i) 1007 5 (ii) 39 n/s, (iii) (250 v/3, ~750) m, (iv) (252, ~2) n/s,
(¢) (i) 10007 m, (ii) 1257 m/min = 2 %W m/s, (iii) (0,0) m, (iv) (0,0) m/s
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K.111  (a) 30/, (b) m/30

K.112 a.~5.93x 1073 m/s the direction is changing

2, (b) % m/s?

K.113 (a) &
K.114 (a) 47r R ( ) 4w 2Ro
)

T

K.115 (a 52rad/s (b) 11.3rad/s

K.116 (a) 407/3 ~ 41.89rad/s, (b) (i) 47/5 ~ 2.51m/s, (ii) 27/5 ~ 1.26m/s,
(c) (i) Feels a pseudoforce deflecting him to the left, (ii) same as (i)

K.117 (a) (i) 10m/s, (i) 10m, (iii) 2s, (b) (i) 157 ~ 47.12m, (i) 75 s, (i) 4% ~
2.63m/s?, (iv) inward, toward the centre

K.118 (a) ¥ R (—sin(wt), cos(wt)), (b) @ = —w? R(cos(wt), sin(wt))

K.119 (a)

a) (i-i) 9 = (3,4), (iii) 7(0) = 0, (b) (i) (r, 0) = (5¢, 53.13°) (ii-iil) ¥ = (5, 0)
K.120 [Typo alert A factor of ag is missing in the polar expression of 7 in part (b).]

(a) (i) use gg = Zé to show that % is constant, (ii) ’Z—f = ay, (iii) 7(0) = 0,
(b) (i) tan (A(t)) = v, and r2(t) = 2*(t) + y*(t) = a}, (ii) In Cartesian parameterisation:

U= o _fon and @ = (0, 0). In the polar parameterisation: ¥ = (ag, 0) and
( /14~2 /112 ( ) P p ( 0 )

d = (0, 0). (iii) The acceleration of the particle is zero, irrespective of the use of Cartesian

of polar parameterisation.

K.121 (a) r(t) = tV1+ 2, 0(t) = tan~1(¢), (b) Cartesian v = (1, 2t),

— 2 . - —
polar ¥ = (\1/%, 11:&2)’ (c) Cartesian @ = (0, 2), polar @ = ( 12_;2 , \/3_7)

2
K2z (a) r(t) = Vot \/1+ (#91) 7, 6() = tan " (340),

2V
N . 142 (29)° ot
(b) Cartesian v = (V, Agt), polar ¥ = | Vp e |,
yre() \/1+(?°vé)

Agt

(c) Cartesian @ = (0, Ap), polar @ = | Ao 2 Vo , Ao

() ()’
K.123 (a) r(t) = V1 + 2, 0(t) = tan—1(t), (b) Cartesian v = (0, 1),
polar ¥ = ( £ : L ) (c) Cartesian @ = (0, 0), polar @ = (0, 0)
K.124 (a) r(t) = /X2 + V712,

0
polar 7 = < Vo ¢ Xo Vo ), (c) Cartesian @ = (0, 0), polar @ = (0, 0)

—

—1(@

%), (b) Cartesian v = (0, Vo),

t) = tan

VXZHVER T \/X2HVELR

Kazs 7= (%, 0 RIG0),a= (-5 - Rinye), 24%)
D.1 (a) sketch, (b) 10, (¢) 250m [behind]
D.2 27m/s

D.3  (vr,ve) (a) (i) 15, =35, (i) 5, —45, (b) (i) 20, —30, (i) 0, —50,
(c) (i) 25, —25, (i) —5, —55

D.4  (fwd,sdwys) (a) o = (10,5), Tc = (=40, 5), (b) 7 = (10, —15), T = (—40, —15)



D.5  (a) (i) (—12.5, 0), (ii) (-8, 6), (b) (i) (12.5, 0), (ii) (4.5, 6),

(c) (1) (8, —6), (i) (—4.5, —6), (d) sketches

D.7 (a) (i) —g = —10m/s?, (ii) va(ta) = —gta = —10ta, ya(ta) = 3080 — (g/2)t%4 =
3080 — 5t2 ( ) () —3g, (11) 'UB(tB) = —].OtB, yB(tB) = 3000 — 5t2B7 (C) (1) ta = 4S, when
tg =0, (i ) 4(4) = —40n/s, (d) vp(ta) =40 — 10ta, yp = 2920 + 40t 4 — 53, provided
that t4 > 4, (¢) (i) and (i) vp(t5) = —20—10tg = 20— 10t 4, yp(tp) = 3000—20t5 512 =
3000 — 20¢t4 — 524, for t4 > 4, (f) (i) sketch, (ii) inertial behaviour is exhibited in freely
falling frames

D.8 125N

D.9 500N

D.10  (a) Team Left, (b) 0.2 m/s?, (c) 2/10s, (d) 2410

D.11  (a) (i) 1m/s? []], (ii) 5s (moving downward), (b) (i) 2m/s? [1], (ii) 2.5 s (upward)
D.12  (a) sketch, (b) 2m/s?, (c) (i) 2, (ii) —4m

D.13 (a) (48, —20) = 52 m/s [ —22.62° WRT z-axis],

(b) (96, —40) = 104 m [22.62° below z-axis]

D.14 (a) (i) (0, —10), (ii) (0, 2), (iii) (0, 0),

(b) () (5v/3, 5 108), (i) (5v/3, =5 +2(t — 1)) = (53, 2¢ - 7), (iii) (5v/3, 5),

(c) () (5v3t, 5t (1 —1)), (ii) (53¢, (t—1)(t—6)), (iii) (53¢, 5t — 30)

D.15 (a) sketch, (b) 100N, (¢) 20 N [—], (d) 2 m/s? [—], (e) 25, (f) 2n/s [—]

D.16 (a) sketch, (b) 40 N [—] = (40, 0) N, (c) 4 m/s% [—],

(d) (1) 4n/s [—], () 24n[—]=(24,0)n

D.17 (a) sketch, (b) (0, 2) m/s?, (c) kinematical verification, (d) (i) (3, 4) m/s, (ii) 5n/s
D.18 (a) ()( t2, %t3/2),( i) (1+ %t?’ 2+§ t5/2)r, (i) (3/2, 5/8) m/s, (iv) (3, 3) m,
(b)(i)( ti (t—4) +*"(t—4)) (1t—3 "t—*)

(i) (2 2 t+3, 11258 22—+ 18‘;) (111) (9/2 25/16) m/s (iv) (15,72) m,

(c) (1) (9/2, 25/16) (ii) (3¢ 21 Bt—5%), (iii) (9/2,25/16), (iv) (33 13 2)

D.19  (a) (i) (2, —1), (ii) (0, —3/2)7 (b) () (0, 1), (i) (1, =3/2),

(¢) (1) (0, 1), (i) (1, 1/2)

D.20 (a) (allinN) (i) (6,9, 0), ( 11( 6 —6 O) (i) 0, (b) (m/s?) (i) (2, 3, 0),

ﬂ;O

a) £ sin(27t), (b) —528%; cos(2mt), (¢) — 5 sin(2mt)

M
Ba—e), ) B (1-11-e). (@ & (#-2t-H01-e))

D.24 (a) (512, £t%), (b) (3+2t— 75t%, 1), (c) Although the trajectories intersect, the
particles do not collide, as they reach the crossing point at different times.

D.25 (a) —21— (b) macesl®)

mi+ms’ mi+ma
2k, D 2F, ., cos(0) D
) VT
D.26  (a) UO + mtms m1+m2 \/ + my+mz
Mg
D.27 2 sin(0)

D.28 Approximately 7200 N
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D.29 (a) Rope 1, since % = cos(60°) and T2 = cos(30°), (b) Rope 3

D.30 (a)a= /SQ,TZ%N7 (b)a:%m/SQ,TZ%N
D.31 (a)a= m:izmz g, T = ;2 g, (b) switch the labels in (a)
D.32 g9/2, T =Myg/2

a=
D.33 (a) sketches, (b)a=3g, T1 =1Mg, To=2Mgy
D.34 29gH/3

D.35 (a) (i) sketches, (ii) Block 1: weight, normal, tension (right), Block 2: weight,
tensions (up and down), Block 3: weight, tension (up), (iii) M a1, = Th, M ay, = N1 —
Mg=0 May =Mg—Ti+Ts, Mag, = Mg—"Ts, (b) (i) a=2g, (ii) Ty = 2 Mg,
TQ = %Mg

D.36 49H/3

D.37 (a) sketches, (b) a =g/2, (¢) Th =Mg/2,To = Mg, T5 = M g/2

D.38 gH

D.39 (a) sketches, (b) (i) 0, (ii) Mg, (iil) yr(t) = vot, yr(t) = —vot, (iv) speed vo,
direction is either up or down, (c) (i) % g, (ii) (1 — —) M g, (iil) yo(t) = vot + 575 g 12,

yr(t) = —yr(t), (iv) \Jog +2 379 H

D.40 (X) 1.678s, (Y) 1.872s, (Z) 1.668s
D.41  52mn/s

D.42 (a) 9v2/5m, (b) 6n/s

D.43  (a) Mg/2, (b) Mg tan(6), (c) ) M g, (d) Ty — o0
D.44 (a) (i

(iii) 2 — 10 sin(20°) ~ —1.42, (iv) 8 — 10 sin(20°) :(

(i) M g tan(6), (iii) 2 cos(20°) — 10 sin(20°) ~ —1.54, (iv
(c) same as (b)

letting up the incline be the positive direction) ) — g sin(0), (ii) M g sin(6),
4.58, <b> (i) Fagel® — g sin(0),
v) 8 cos(20°) — 10 sin(20°) ~ 4.10,

— £y — (Mt Ms) M.

D.45 a= M1+J\;2+M37 012 - M1+2J\42+31\/13 A2 C23 M1+M2+M3 F‘:‘
D.46 F = (m1+m2)g sin(f), Co = ms g sin(f)

D.47 F = (m1+m2)g tan(f), Co = my g sin(6)

D.48 o= 12 g g3 /% T = 112y 6~ 92,65 0

D.49 a=3(1+sin(0)g, T =3 (1 —sin(d))mg

D.50 \/15(1 +sin(r/12))

D.51  (a) (V3—1)% ~1.83n/s% (b) 2 (vV3+1) ~253s
D.52  (a) sketches, (b) Mya=T—-M; g, Maa = Mg sin(d)—C, Mza = Ms g sin(0)+C,

Vo = Mg cos(0) N = Mag cos@), (c) a = L0 o Z' 4 41722 fup incie]

D.53  (a) (i) 25N, (ii) 32 N, (b) (i) 1m/s, (ii) 8 s
(

D 54 (a) (i) 5/3m/s?, (ii) 5/9m, (b) (i) 5/3 m/s?, (ii) 10/9 m, (c) same accelerations occur
n (a) and (b), the spring force ensures that each block accelerates at the same rate.




D.55 0.0225

D.56 For small forces, the stack of blocks accelerates at a rate of F, /(14 M). When the
applied force reaches 14 g M g, then the static frictional force attains its maximum value at
both interfaces. For greater applied forces, the tower falls apart. Effects not modelled here
(drag, for instance) will determine which block slips first.

D.57 (a) a =37/6, T = 46/3, (b) a = 7/3, T = 46/3, (note accelerations are reduced,
tension is increased vis-a-vis D.30)

D.58 a:(l—,uK)g/2:17/4m/s2,T:(1—|—,uK)Mg/2:%Mg

D.59  (a) () (1—p)g/3, (i) Tr = (L+2p)Mg/3, To = (2+pn) Mg/3,

(b) (1) (1 =2p)g/3, (i) Ty = (1 +p)Mg/3, To =2(1+ ) Mg/3,
() (0) M =p—n,)g/3, () Ty =1+ 24, —pu ) Mg/3, To=(2+pn,+ny,)Mg/3

D.60 /2(1—p)gD/3

D.61  (a) (2—py)g/3, (b) Ty =2(1+py)Mg/3, To=(1+py)Mg/3

D.62 (a) () (2—p)g/4, (i) Th = 2+3y)Mg/4, To = 2+ u)Mg/2, Ty = (2+
H) M g/4, (b) (i) (1— M)g/2 (i) Th = (HM)MQ/? Ty = 14y ) Mg, Ts = (1+u) M g/2,

(C) (i) (2 —u - )9/4 (i) Thn = (2+3u t,)Mg/d, To = (2 +py, +n,)Mg/2,

T3 =(2+ + )M9/4

D.63 (2-u)gD/2

D.64 a~5544m/s?, T ~111.4N
D.65 a~ 5544 u/s? T ~ 4.456 M

D.66 (a) sketches, (b) (i) M+m, (ii) Mﬂfm %, (¢) O) 35 — He 9 (1) 3755

D.67 (a) sketch, (b) 2m/s?, (¢) (0, —=9) m

D.68 (a) Sketch, (b) 2m/s? [bkwd] = 2(~2i — j) n/s, (¢) (i) 2s, (ii) 4m [fwd] =
L(2i+])

D.69 (a) sketches, (b) sketch, (c) (i) 5e~%/3, (i) 20 — 15e~/3, (iii) 20t — 45(1 — e~*/3),
(d) a(t) — 0, v(t) — 20m/s, 2(t) — 20t — 45 m

D.70 (a) m = M(sin(0) + p cos(9)), (b) m = M(sin(6) — g, cos(f)), m is assuredly
positive because the inclination angle is assumed to be greater than the angle of repose

D.71  (a) I . is greater than the component of the block’s weight acting down the

incline, (b) (i) 257 N, (ii) 219 N, (c) 200.7 N exerted at the angle of repose, tan=1(0.8) ~

38.66°, above the inclined plane

D.72 (a)a=17/3,T=52/3, (b) a=4/3, T =52/3

D.73 (a)a= %97 T=(14p) A%lfj/\sz g, (b) a = %g, T is unchanged

D.74 (a)a=35(1-p)g, T=51+u)Mg, (b)4n/s
(a)

3
a=50+p)g, T=73501~-p)Mg (D) 2n/s

D.75
D.76 a= K9, T = %
D.77 v?:v§+2(ﬁ—qu)D

D.78 (a) Mg, (b) u Mg, (c) (i) tanfl(,u,s), (ii) tan’l(uK)
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D.79 (a) 2 n/s?, (b) the rod is compressed

D.80 [Typo alert: The parameter value M = 5kg was omitted in the first printing.]
(Choosing up the incline to be positive) (a) % — (sin(6) + K, cos()) g,

(b) (sin(6) + p_ cos(0)) M g, (c) (i) —3.3, (ii) 2.7

D.81 0Om/s

D.82 F = (m1+mgz)g sin(0)+(y_ mi+pymz)g cos(d), Co = maglsin(0)+p,, cos(d)]

D.83 F = [(m1+m2)gsin(0) + (g mi+p_ms)g cos(0)]/(cos(0) — p_sin(d)),
Co = ma g [sin(0) + p_, cos(0)]

D.84  (implicit units, rightward is positive) (a) (i) —5/6, (ii) 2/9, (b) (i) —25/6, (ii) 7/9,
(c) (1) —=1/3, (i) 8/9, (d) (1) —11/3, (ii) 13/9, (e) (i) —4/3, (ii) 5/9, () (i) —14/3, (ii) 10/9
D.85 (a) 1.085m/s, (b) 3.915m/s

D.86 (a) 22 (46 — 20 /3) ~ 13.4N, (b) 230 /2 ~ 325.3N
6

D.87 (a) 2¥2 (250 sin(15°) + 50 cos(15°) — 20 /3 — 4) =~ 87.6N,
(b) (250 cos(15°) —20) v/2 ~ 313.2N

D.88 Distance = /L/gVj

D.89 (a) sketches, (b) a = Z1=™2 g (c) t = /20 mutma () g = [omu—m2 g p

mitme I mitms I

D.90 ratio =8/3
D.91 ¢~ 10m/s?

D.92 (a) sketches, (b) Myv?/R, (¢) T = My g, (d) v = ]]\%gR, (e) M, drops while

M, spirals inward

1, cos(0)—sin(0) . ..
D.93 (a) sketch, (b) vpax = \/isin(e)ms(e)ng (c) (i) /i g R, (ii) as expected,

S
(iii) maximum safe speed is reduced

D.94 (a) z(t) = 4t + 1%, xs(t) = 2t + 2, xp(t) = 6t + 12, (b) 2(t) = 0, Ts(t) = —2t,
Zpr(t) = 2t, (¢c) Motion of freely falling objects appears inertial. [Einstein’s insight.]

D.95 vr =2m/s

D.96 (a) Ma=—kx—bv, (b) (i) v(t)=—-Ae [y cos(wt) + w sin(wt)],

a(t) = Ae "t [(v? — w?) cos(wt) + 2yw sin(wt)], (ii) sine 2M yw = bw,

cosine M (v? — w?) = —k + b, (iil) v = 5%, 2:%_4?512’

(iv) 2(t) = Ae= 24 cos (Mt)

E1l ( ) () 15, (b) 0, (c) 12, (d) 6
E.2 (allinJ) (a) 6, (b) 8, (c) —13, (d) 50
E.3  (allin J) (a) 18, (b) 144, (c) 1008, (d) 1350

E4 (a) 40N [—], (b) 960 J, (c) These forces cancel everywhere along the path. Alter-
natively, the block does not displace in the directions along which these forces act.

(d) (in J) 240, 0, 720, 960, (e) 14 m/s

E.5 (a) 25N [bkwds], (b) 25 N [fwds], (¢) —125 J, (d) 125 J, (e) net work is zero; no net
gain in kinetic energy, (f) Py = =75 W, P4 = 75 W, P,., = 0, net power is zero at all times;
the block moves with constant speed

all in J
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E.6 See the answers for the next three problems.

E.7 (allin J) (a) 40, (b) 40, (c) 40, (d) a constant force is conservative

E.8 (allinJ) (a) =72, (b) =72, (¢) —8+/41, (d) work done by kinetic friction is propor-
tional to arc length

E.9 (allinJ) (a) 125, (b) 175, (c¢) 135, (d) non-conservative force

E.10 (a) sketch, (b) (25v3 — 15, 0) ~ (28.3, 0) N,

(c) (3) (i) 0, (ii) 0, (iii) 250/3, (iv) —150, (d) 50 (53 — 3) ~ 283 J

E.11 The latter is three times the former.

E.12  (a) (i) 250m3, (ii) 03, (iii) —250M3, (iv) 1.25MN, (v) 6.25m/s? [bkwds],
(b) (i) a = 327 (v7 —v7) = —6.25m/s?, (i) L= Ma=—1.25x 10N

E.13 (a) (i) Block 1: (F, —T) D, Block 2: T'D, (ii) F, D, (iii) v +2%D7
(b) (i) Block 1: (F(‘b) C?2§9) —T)D, Block 2: T D, ( i) F,, cos(0) D,

e 2 CcOS

(iil) vy = 2+ 2 :k;L)lerQ D

E.14 (a) (0, 5) v, (b) (i) parabolic trajectory (not unlike projectile motion), (ii) (6, 4) m,
(c) (i) constant forces are conservative, (i) W[F | =923, W[E| = —12J, W[F| = —483,
WI[F,] =123, (d) W[net] =207, (e) (i) K; = 2 3, (ii) Ky = 125 1, (iii) 5n/s

E.15 4m/s

E.16 4n/s

E.17 UJ% =2 mﬁfmz gD
E.18 /2¢H/3

E.19 +/igH/3

E.20 gH

E.21 [Typo alert: The parameter value D = 3m was omitted in the first printing.]

(a) (i) (B, — Mg sin(8)) D, (i) —21.3 3, (iii) 68.73, (b) (i) (F, cos(d) — M g sin()) D,

(if) —23.1J, (iii) 61.57J, (c) same as in (b)

E 22 (a) (i) [F M g (sin() + p_cos(6))] D, (i) —49.5 3, (iii) 40.5 3,

[1*1 (cos(0) — p_sin(f)) — M g (sin() + p_cos(9))] D, (ii) —53.4 7, (iii) 25.13J,
(cos(0) + p_sin(f)) — M g (sin(6) + p. cos(9))] D, (ii) —49.23, (iii) 41.53

a) =M g (yy —vi), (b) +M g (ys — vi), (c) unchanged

E.24 5 \/§ m/s

E.23

E.25 (a)9v2/5m, (b) 6n/s

E26 (0,-9m

E.27 4n[fwd] = =(20+])

E28 37

E.29 (a) E=—k(z— ), (b) Us = 2k (z — x9)?

E.30 (a) M g sin(0)/k [down the incline], (b) 2 M ¢ sin(0)/k, or twice as far as xg

E.31 (a) v6n/s, (b) no, (c) yes
E.32 2/3~3464m
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E.33  0.375n
E.34 \/15(1+Sin(77/12))

E.35 (a) (i) no, (ii) barely succeeds, (iii) easily, (b) (i) no, (ii) barely fails, (iii) no problem

E.36  (a) (i) 1 Mpod, (i) 2 Mrod, (ili) 1 (My + Mg) o3, (b) (i - ii) values are arbitrary,
(iii) the sum of (i) and (ii), (c ) (1) MLgH (i) —Mprg H, (ili) (M, — Mgr)g H,

(d) AK = (Mgr — My) g H, v; = v} +2 Mg;%; gH

E.37 (a) (energies in J) (i) 0, (ii) 0, (b) (i) & mq 02, (ii) 3 mov?, (¢) —(m1 —m2) gh,
(d) v? =2mum2 g p

mi+ma

E.38 (a) sketch, (b) (i) 207, (ii) 0J, (c) 207, (d) (i) 2073, (ii) 2m/s,
(e) (i) 10w, (i) [At =4s], 5w

E.39 (a)(Az)2=2M gL, sin(d)/k, (b) (Ax)? = 2Mg[L1(sin(9)—,uK cos(@))—uK L] /k,
(¢c) Az is the solution to: 0 = § k (Az)?+py M g (Az)+M g Lo+ (p cos(d) —sin(6)) L]
E.40 (a) (i) 6m/s, (ii) 12w, (b) (i) 10m/s, (ii) 12w

E.41 (a) (positions in m, velocities in m/s) v(1) = 5, v(3) = 15, v(5) = 25, r(1) = 5/2,
r(3) = 45/2, r(5) = 125/2, (b) (work in J) Wy, = 75/2, Wo3 = 675/2, Wos = 1875/2,

(¢) (power in W) Py = 75, P3 = 225, Ps = 375, (d) P(t) = 75t, integrated this becomes
% t2, (integrated power, energy, in J) 75/2, 675/2, 1875/2, The mechanical work is equal to
the integrated power.

E42  (a) (i) Pow = O, (ii) Payn = O, (iii) Paya = 233y, (iv) Py ; = —37 1w,

(b) Pavuer = 2 (5v3 = 3) W, (c) The particle velocity is changing.

E43 (a) —42a% (b) 1 MVE, (c) a=\/L/gVs

E.44 (a) (i) —byv D, (ii) —byv? D, (iii) —=byv (1 —&v) D

(b) () 5/3, (i) 25/9, (iil) SE=2L. () (i) 5/3, (ii) 25/9

E.45 (a) sketches, (b) a = 5m/s?, v(2) = 10m/s, (c) 07,

(d) (i) AUy =03, AUy = —4003, (ii) —1003, () K; = 3003, v3 = 10m/s

E.46 (a) 30003, (b) (i) 30003, —3000J, (i) —3000J, (c) (i) 03, (i) Om/s

E.47  (a) sketch, (b) W[N] =03, W[W] =255 5 W[f]=-53, (c) (i) -2 3,
(i) 2(10v/3 - 1) 3, (d) () W[ (@) = -3 3, (i) 3 (53— 1) 3

E.48 Setting net power input to zero, fixes vy = 2m/s

E49 (a) (i) \/gvh (ii) vy, (b) (i) “Z;fg [\/1 + ukag (;ﬁg - D) - 1} (the solution of

pMg
k

0= xfc + 2
energy)] ’U]% =v} —4ug(D+xy)

50 (a) (i) 3\/2m, (i) 3n/s, (b) () 12 m, (i) /22 m/s

E.51  (implicit units) (a) (i) 10, 10, (ii) 0, (iii) 500, (iv) 500, (b) (i) 15, 20, (i) 125,
(ii) 1000, (iv) 1125, (c) (i) 0, —10 (ii) 500, (iii) —500, (iv) 0, (d) (i) —5, —20, (i) 1125,
(iii) —1000, (iv) 125, (e) (i) 5, 0, (ii) 125, (iii) 0, (iv) 125, (f) Work-Energy Theorem
satisfied, (g) sketch

o v —2 “TMg D)), (ii) [Assuming that it returns (with positive kinetic
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E.52 )/ 2 dt = W, (b)wdtzﬁ,(c)w(t—O)zQ—Ho,
(d) H(t) =0y +wt = xz(t) = Asin(wt+ 0y), SHO trajectory

E.53  (a) {—/k/k,0,\/k/k}, (b) U(z) = —Lra* + $ka? (c) sketch, (d) unstable,

stable, unstable

E.54 (a) {f%,(), %}, (b) U(z) = —a* + 22, (c) sketch, (d) unstable, stable, unstable

E.55  (a) —#ﬁh&, (b) sketch, (¢) = 0 stable, 2 — 400 neutral

M.1  (a) M (a, —2b, —c), (b) & (a, —2b, —¢)

M.2 (a) 20N-s [i], other impulses cancel, (b) (i) 0, (i) 208-s [], (iii) 2m/s [i]

M.3 (a) —8N-s [i], weight and normal force impulses cancel, (b) (i) 0, (ii) —8N-s [i],
(iii) 4m/s [—7]

M.4 (a) (impulses in N-s), (i) (0, —5.1), (ii) (—6.8, 0), (iii) (—6.8, —5.1), (b) (forces in N)

(i) (0, —637.5), (i) (—850, 0), (iii) (—850, —637.5), magnitude = 1062.5
M.5 (a) F._. = (40, 0) N, (b) Ilf[F ] = (160, 0) N-s, (c) The forces cancel, hence

NET NET
_>]

s0 too do their respective impulses. (d) I;;[F] = (40, 0), L[ F] = (0, —160), I;;[ F

1 3

(120, 160), I;s[net] = (160, 0) (all in N-s), (e) 75 = (14, 0) m/s [—]

M6 (a) (i) [} = (F, - T)t [ — ]712::”[ — ], (i) Lyt = Bt | = | = AP =

(m1 +m2) A, (iii) Uf=U0+mﬁf§nz t, (b) (i) It = () cos(@) =Tt [ — |, L=Tt[ — |,
Lz - AG F,, cos(0)
(i) Inet = B,y cos(0)t [ — | = AP = (mq +mo) A0, (iil) vy = vo + 20—

il

M.7 (a)(i) (0, 5) N, (ii) evidently constant, (all impulses and momenta in N-s) (b) I[net] =
- r 7 5=

(071HO)7 () () [ ] (24710)7 I[‘F;] = (_876)7 I[F);] = (_1670)7 I[F:L] = (07_6)7

(i) Tnet] = (0, 10), (d) (£, 0), (¢) () (2, 10), (i) 7 = (3, 4) n/s, (iii) vy = 5 n/s

M.8 (a) (i) (25v3 —15,0) ~ (28.3, 0) N, (1) yes, the net force is constant,

(b) (100v/3 — 60, 0) ~ (113.2, 0) N-s, (c) () IW = (0, —1600) N-s, Iy = (0, 1500) N

T4 = (10043, 100) N-s, Iy = (=60, 0) N-s, (i) L., = (1003 — 60, 0) N-s, net 1mpulse

equals impulse provided by the net force, (d) Ap (100v/3 — 60, 0) N-s

M.9  (a) sketches, (b) (i) % dp1 =T [ — ]’ dt —(T2—T1)[ ],%:(Mg—Tg)[l],

d(ZP:(Pz—Tz)[—’]Jr(B—Py)H],(ll)%ZPJ[*H(MQ—P@;)H], )

()()Aﬁi:%MgAt[—>]7Aﬁ2=%M9N[—>LAﬁs:ﬂ%MgAt[lﬁ],AﬁPZ()y

()APTotal—zMgAt[H]—|—%MgAt[l],(d) constant el equals %,implies
=iMg[—]+3Mg[1]

M.10  (a) sketches, B

(b)(i)%ZTl[H]y%Z(MngB—Tl)jlL%’:(Mg—Tz)[H,

Le— (P, —T)[ = |+ (T =Py [ L], (i) Lot =P, [ - |+ (2Mg—Py)[ | ], )

(ii) AﬁTotad:%MgAt[—>]—|—§MgAt[l],(d) constant%equals %,implies

=3Mg[—]+5Mg[1]

YO Lr=T1 [ — |, 22 = (T, -T1)[ — ],

M.11 (a) sketches,
Go=Mg+T3-T)[ L], Bt =Mg-Ty)[ | |, B = (Ba—T) [ = |+ (T =P, [ | ],

(b
[l
on“$M=P[ J+(2Mg—Py)[ L], (c) (i) APy =5 MgAt[ — ],

=]
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Apo=L1MgAt[ — |, Aps =2 MgAt[ | |, Apy=32MgAt ]| ], A =0,

( i) APryia = MgAt | — ]+ MgAt [ | ], (d) constant % equals %, implies
P=Mg[—]+Mg[1]

M.12 (a) 1.5N, (b) 3N, (c) 2N

M.13  (a) 1, (b) 1+ 2, (¢) 14 2, (d) 1 — caletpcoswh)

3m? w (tf—ti)
M4 ()1 () 1+ 2, (o) 1+ 2, (d) 1 — 2 iy contrtn/2)

M.15 (a) % (1 - % +(1+ ’YT ) exp(— ’ny)), [Letting 7 = Ty /2 for (b) and (c).]
1) & (2= 2 +(Z -7 exp(—y7)), () Do (=L 474201+ L) exp(—y 7)),

(d) a comphcated expression

M.16 (a) 24e72 ~3.2482, (b) 127! ~ 4.4146, (c) 18e73/2 ~ 4.0163

M7 t=t-T;, Ft)=t(T; + Ty — 1) E exp(—yT;) exp(—vt)

M.18  (units are implicit) (a) (i) 10, 10, (ii) 0, (iii) 100, (iv) 100, (b) (i) 15, 20, (ii) 50,
(iii) 100, (iv) 150, (c¢) (i) 0, —10, (ii) —100, (iii) 100, (iv) 0, (d) (i) —5, —20, (ii) —150,
(iil) 100, (iv) =50, (e) (i) 5, 0, (ii) —50, (iii) 100, (iv) 50, (f) Impulse-Momentum Theorem
satisfied, (g) sketch

M.19 (a) 10MNs [fwd], (b) ON-s, (c) 10MN-s [bkwd], (d) 1.25MN, (e) 6.25m/s?

M.20 The centre of mass of the Earth-Sun system is approximately 4.5 x 10° m from the
centre of the Sun. This is very much below the solar surface, i.e., deep in the interior of
the Sun.

M.21 rower 2 is closest
M.22  (a) Mo = L (AN + M) = (2L) [5 (A + A, i.e., the total length multiplied by

the average density, (b) % iiij

M.23  (a) + Ao L?, (b) 2 L, (c) This might be a narrow homogeneous cone or pyramid.
M.24 (a) 9kg, (b) 2m

M.25 (a) 2XoL, (b) X L

M.26 (a) Xavier must sit 4 m from the fulcrum, (b) Zoe must sit 1m from the fulcrum
M.27 halfway across and one third of the way across the rectangle

M.28 (a) 900g, (b) R = (4,1) m (WRT an origin at the leftmost tip of the triangle)
M.29 (a) Use calculus to obtain the CofM position, (b) the centre of the enclosed square

M.30 (a) 1 — 3% ~0.7878kg, (b) (1, 15 1525%) ~ (1, 0.40) m

ML () oo (4= 28) L) (% 2EAE)

M2 (a) (1+ %) = 1.2122kg, (b) (2250750 o 157420) o (095214, 0.61045)

Ax? ™ B— T A2 A 7w B?
M.33  (a) 00 (A+ 2 B)L, (b) (4 AZHEE8E L 2ndisd it )

M.34 At three tiles, the CofM lies on the edge (the verge of toppling). The fourth tile will
always collapse the pile.

M.35 (a) 7 R?0, (b) the geometrical centre of the pizza



M. 36 (a) 0900 R?, (b) 2 My = £ My, (c) 209 sin(f) R?, (d) %;U‘)“R, (e) (i) 2R,
(i ) 371'7 (iii) 0

M.37 (a) 5.27 x 10'® xg, (b) at the centre of the Earth

M.38  (a) Ty = Mg, T, = (M +m)g, (b) T(y) = (M + Xoy)g

M.39  (a) a = M1+§/Iz+m’ T = M1+A1/\[/[22+m BT = Mﬁﬂﬂm £, (b) a= M1+§\%Ig+m7
T, cos(0) = m E, T, cos(d) = % E,and mg = (T; +T,) sin(f) ... Solving:

1/2
2 2
_ Mo+m Mo+m _ _ M _ Mi4+Me+m mg
T, = [(M1+M2+m Ex) + (2]Mg+m mg) ] I = Matm T, tan(f) = 2Ma+m  F,

M.40 (a) The boat moves away from the dock in such a manner as to preserve the
location of the CofM of the PK—boat system. (b) The boat returns to its original position
when PK returns to his. (¢) The boat, along with PK, recoils and moves alongside the dock.

M.41 lecm/s

M.42 The boat will eventually come to rest 1.25m from its original position.

M.43  (a) AM v, [bkwds], (b) Av, = 8o, [twd], (c) dv, = v DL, (d) vy —v; =
Ve In (]1\\/[4; ), (e) vy = 3w, is greater than the speed with which the fuel is ejected!

M.44  (a) Im, (b) (i) a, (ii) at, (i) 1+ at?, (c) (i) a/3, (i) 3 at, (i) 1 +  at?
M.45 (a) 3m, (b) (i) Om/s?, (i) L m/s, (ili) 3+ Ztm, (c) (i) 24 = —10—6¢, zp = 5+2¢,

5]

ze =T+4t, (i) 3+ Lt, (iii) perfect agreement
M.46 (a) (-5, —12) kgm/s, (b) £ (=5, —12) m/s

M.47  (a) (i) dr = 0= dgr, (ii) ¥ = 2m/s [T], =2m/s [ ], (iii) [setting yr,r = 0 at
the common initial height] yr, = 2¢ [T], yr =2t [ ], ( ) (i) 0, (ii) 0, (iii) [same convention as
in (a)] 0, The CofM of this system remains at rest [viewed in the rest-frame of the pulley]

1], dr = % [1], (i) oL = 2+%t [1], "R =2+ gt [1], (iii) [setting
(1) yr=2t+ 82 [1](b) () § [1], (ii) *+gt [1], (iii) [setting
[1], The CofM motion is consistent with that of the blocks.

(

M.48 (a) (i) dL = §
Yo(r,r) = 0] yL = 1
YcofM,o = O] 3ttq

M.49 (a) (2.7, 2), (b) (3, 3), (¢) (0, —3/5)

M.50 (a) Sketch, (b) (i) (6, 2.8), (c) (i) (—0.8,1.2), (d) (i) (0.2, 0.2), (ii) net force is

non-zero

M.51 (a) () 7 ( ) E)Cofl\/l = 6’ (b) (1) s = (4’ 0)7 Up = (07 2)’ o = (_2a _1)7
Up = ( )7 ( ) CofM - 0 ( ) (1) ﬁA (4M O) pB = (07 Qy)v ﬁCA: (_iMa %M)v
Pp = ( ) ( ) Total ( ) (1) a = 0 for all four blocks, ( ) ACofM =0, (e) Royi =0V ¢,

the CofM is at rest in this IRF
M.52 (a) (1) 67 (ii) R;ofM = 6, (b) (1) Ua
24 8t, -1+ 4t), vp = (—4t, —2t), (i

= (44 2t,4¢), T = (=2, 2 — 41), Tc =
(= ) (i
g =M (=2t,2—4¢t), o = M (-4 +16t, —2
(d
(e

=0, (c) (i) Pa = M4+ 2t,4¢),
+8 )’ﬁD :M(_16t’ _8t)7 (11) F_):rotalzov
) (i) da = (2, 4) dp = (=2, —4) dc = (8, 4) dp =
)RCOfM—OVt, the CofM is at rest in this IRF

M.53 (allinm/s) (a) 1t (4, 7), (b) 1t (=26, 7), (c) £ (1L, 7), (d) & (4, —3})

M.54 final speeds: incident particle v/3, struck particle 4v/3
M.55 w5 5= —1.5,v4 =12
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M.56 (a) v; = —8, vo = +10 (Each player is “reflected” [moves backwards at his pre-collision
speed] by the elastic collision.), (b) (i) I12 = —1600N-s, I3y = +1600N-s, (ii) Inet = 0
M5T () (3) & kgn/s (=], (i) 8. (i) 3 ks (=], (b) S /s (=], (0) () & xgm/s
(ii) 3 m/s [=], (d) (i) O, (i) 3m/s [—1, (e) () 5 xgm/s [—], (i) § kgm/s [], (iii) O,
(f) 158 [=], (g) (1) § 3, (i) 7 I

M.58 (a) (i) P,

-1,

_)]7 K; = %Mqﬂ (i) 6Mf = %U [<_]7 774M’f = %U [_’}7
(iil) P, = Mo [=], Ky = 3 Mv?, (b) (i) Prp =4 Mo [], K; = 2M 07, (ii) Tanry =
v [«], Uy = 3o [«], (i) P...=4Muv [«], K; = 2Mv?, (c) This might be the
same collision, viewed by different observers at rest with the respective train cars.

M.59  (a) () Mo [—], (i) § Mv?, (b) O = 2o [«], Tonr = $v [=], () () Mv [—],
(i) $ M o?

M.60 (a) (i) 9M v [H, (ii) S M2, (b) U =
() () 9Mw [—], (ii) 3

M.61 (a) v1 = 2w cos(f), va = v sin(f), (b) this collision is inelastic; surprisingly, there
is more kinetic energy in the final state than in the initial state

M\»—t.—.

il
<
(S

<;]7179M: 'U[‘*]a

M.62 fraction of the neutron’s energy lost, - 169, n =10 > % is the minimum
number of these collisions needed

M.63 25m/s [—]

M.64 (a) 0, (Both players are stopped by this inelastic collision.), (b) (i) I12 = —800Ns,

Io; = +800N-s, (ii) Inet = 0
M.65 (a) P,

0 =3 kg'm/s (=), Poo =0, Propo = kgm/s (=], (b) 3 n/s [—],
( ) 5 kgm/s [—>], ( ) 5 m/s [—>] (e) () 3 kgm/s [—)L (11) T kgm/s [<—] the impulses are
ymmetrlc the force medlatmg the COHlblOn is internal to the system, (f) 7.5N [—],

(g) (i) 2 5, (i) § J, kinetic energy was lost

M.66  (a) (i) Muv [ — ], (i) L M2, (b) (i) Mo [ — ], (i)

L M2 =LK, () (i) 0,
(ii) —2 M v?

10

M.67 (a) () 4Mwv [ « ], (ii) 2M 02, (b) () A Mo [ « |, (i) EMv? = 2 K, (c) (i) O,
(ii) —% M v?

M.68 This might be the same event viewed by different observers riding with each of the
colliding train cars.

M.69 (a) (i) Mo [ — ], (ii) $ Mv?, (b) (i) Mo [ — ], (ii) 56 Mv? = & K,

(c) —o5 M 0v?

M.70  (a) () 9IMwv [ « |, (i) 2M o2, (b) (1) 9Mwv [ « ], (ii) 55 Mv? = % K;,

(c) —o5 M0v?

M.71  (a) 12m/s, (b) 16: 5

M.72  (implicit units, A[B] moves left[right]) (a) (i) va = —V3, vg = 1/\/5, (il) Apa =
—V3/2, App = +V3/2, (ili) AK4 = 3/4, AKp = 1/4, (iv) Appet = 0, AKyer = 1,
(initial spring potential energy, Us = 1), (b) (i) va = V — /3, vg = V + 1/4/3, (with the
assumption that V > /3), (ii) Apa = —V/3/2, App = +1/3/2, (iii) AK, = %(3 —24/3V),
AKB = % (1 + 2\/§V), (IV) Apnet - O, AKnet = 1

M.73 M absorbs % of the energy, 5 M takes %
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J, (b) 4Mov [ «— ], (c) 400 Mv [ « ], (d) v/3 [ < ], () (i) 7, =
s — 1, (ii) v/3 [ « ], (f) zero, the collision is assumed to be elastic,
(@) (i-1i) ¥y =0 =2 [ « ], (h) —% M2

M.75 %

M.76 v, = % ~ 1.6 x 107 m/s [roughly 5.3% the speed of light],
a Mpy,

Upp = A]Zf’b m/s

M.77  (a) betting the origin at the launch point, x(t) = 15¢, y(t) = 15t — 52,

(b) [max helght, 7 m, occurs at t = %s, and xﬁ%) =L m|, S~etting~f: t— 3/%,

{zp(t) =2 +20¢, yp(t) = 2B =582}, {z(t) = L+ 101, yo(f) = 22 — 52},

{xu 45 } + 151, yu( t) =2 +5t 582}, {zq(t) = £ +15¢, ya(t) = 2 — 5t — 542},
) try =32 thy =3, tpu=(1+V10)/2~2.08s, tgq = (—1+10)/2 ~ 1.08s,

d) (i) along the parabolic path taken by the firework until it explodes and then along the
parabola it would have taken had it not exploded, (ii) the CofM deviates from the parabola
once the downwardly directed piece strikes, since it is no longer moving forward and down,
(iil) the CofM is at rest [nearer the launch point than the naive range calculation would suggest]

M.78  (a) ﬁchM = (-3, 74)’ ot = (3 \[ 1),
(b) 74 = (0, 16 +4¢), ' = (0, —8 — 21)

R.1  (a) (i) 0°/s2, (ii) 5°/s, (iii) 45°, (b) (i) (i) 0°/s?, (ii) 5°/s, (iii) 60°, (c) 72s

R.2  (a) (i) —2°/s?, (ii) —1°/s, (iii) 36°, (b) (i) —2°/s?, (ii) —7°/s, (iii) 24°, (c) (i) 5 s,
(i) 36.25°

R.3 (a) (i) —5rad/s, (ii) 7.5rad, (b) (i) —20rad/s, (ii) —30rad

R.4 (a) (inrad/s) (i) 1/4, (i1) 3/4, (iii) 1, (b) (in rad) (i) 1/8, (ii) 9/8, (iii) 3

R.5 (inm/s?) (a) (i) 3/4, (i) 3/4, (iii) 0, (b) (i) 3/16, (ii) 27/16, (iii) 3, (c) (i) 1= V17,
(i) % /97, (iii) 3

R.6 Alex and Bobby have equal bulk kinetic energies. Bobby has more internal, or
relative, kinetic energy.

R.7  (a) (i) 4at3, (ii) 12at?, (b) 12alt?, positive, anti-clockwise if a > 0, negative,
clockwise for a < 0, (c) (i) 87a?t°, (ii) P =7 -w =481at> = £

R.8 (a) (inkgm?) (i) 56250, (ii) 225, (iii) 400, (iv) 2500, (b) 62500 kgm?, (c) (i) 75 rad/s?,
(i) 1562.5N-m, (iii) (assuming a = aay) Hrad, (iv) 7812.53, (d) (in J) (i) 7031.25, (ii) 28.125,
(iii) 50, (iv) 312.5, (e) 7812.5J

R.9 (a) s M R*+12my, (r? +7r2), (b) + M (R? + R%) 4+ 12my, (r? +r?), The annular disk

has a larger moment of inertia than does the solid disk, as more of the mass is distributed farther

A/_\

from the axis.

R.10 Ip=1Ia+ M (d—d?)

R.11 Ip = I4, nicely symmetric

R.12  (a) (0, /22— 0), (b) (1) 2822 (i) My, (c) (i) 222 (i) Mo,

N UIE A M +Ma M +M;
(d) trivially (i) 0, (ii) 0, (e) (i) smallest y-axis (trivial), smallest non-trivial, axes through

CofM, (ii) axes through M;

R.13 (a) oom R?, (b) (i) 3 M R?, (ii) 1 M R?, (c) (i) oo fOR dr OQWdH r (R — 1 cos(6))?
(i) oo fOR dr OQW df r (R?> — 2 Rr cos(6) + r?)
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R.14 (a) My = 096y R?, (b) % My R?, (just like a thin disk of the same total mass)

RA5  (a) 3 My B2 [1— § 20| (b) 3 0y R2 [1— § 25l ]

R.16 (a) 2 )\0 L, (b) 2L, (c) (i) 2 M L2, (ii) 1 M L2, (i) 295 M L2, (d) 95 + (2)2 =
2 apd 07 + ( )2 11
5 1280 16 10

R.17 (a) 400N, (b) infinite force
R.18 (a) 5m/s?, (b) Ty = 10N, Ty = 20N, (c) 2+/3 m/s
R.19  (a) (i-iii) 0, (b) (i) §ma v?, (ii) § mao?, (iii) 3 Tw? = T M 0%, (¢c) —(m1 —m2)gh,
(d)’l) :2(m1 mz)gh
m1+m2+ M
R.20 (a) (i) w; = 35, (i) 2M v; 1 [®], (b) (1) 4 Mv; 1 [©], (ii) K; = M vZ,
(c) (i) 0, (ii) AL = 0, (iii) positive work was done by the skaters pulling inward on the
rope, (d) (i) 4w, (i) 2v;, () () 4 Mo} =4 K;, (ii) 3 K;, (iii) 25

R.21  (a) (i) wi,i = wa,, because 1L = L__i;z and 1 = 1;%7 (i) T, = Myrv [©],
I_’; = Msryv2 [Q]’ (b) [—‘Zroml = ﬁz, Koo = 1+'m Ko, ( ) (1 ( ) AL = 0 (111) work
)

) 0,
done by the skaters pulling on the rope was positive, (d) (i) wy = 4w;, (ii) v,y = 2014,
Vap =20a,, (e) (1) K1y =4 Ky, Koy =4Ko;, Kf =4K;, (i) 3K;, (i) 25

—

R.22 (a) (i) 2M L2, (ii) L, =2Mv L [k], (b) (i) $ M L?, (ii) L, = 3 Mv L [k],
(c) (i) equal, (ii) equal, there exists sufficient symmetry in both cases

R.23 (a) (i) 2M L2, (i) I, = M [i] + MvL [k], I, = —Mv [i]+ Mv L [k], L, =
2MvL[k], (b)) 3ML? ()L, =i Mo[i|+iMoL[k],L,=—-3 Mv[i]+2MvL[k],
I_/Zb) =-—Mv[i]+5MvL [k], (¢) (i) equal, (i) not equal, insufficiently symmetric

R.24 (a) (i) L, *M’UO [®], Ly = Mo R [®], (i) I, = Ipwo [®] = g [®],
b)IL.,..,=(2M+ £ ) vo R, (c) sketches, (d) 0, (e) L.,,., is constant, the system does not
accelerate

R.25 (a) (i) I, = Mruo R [®], L, = Mrwo R [®], (ii) I, = Irwo [®] = £ vy [®],

-

]
(b) Lo = (M + Mp + %) vo R, (c) sketches, (d) (Mr — Mp)gR [®]

. - Mpr—M
(e) () L, ... = (Mp+ Mg+ i5)aR, (i )“:W%

R.26 (a) sketches, (b) (i) 0, (i) T =Tr = M ¢, (iii) yr = yro +vot, Yr = Yro — Vo t,
() 5 = v (1] 0 = w0 (1 () 0) 520 () To = (M = m)g [14 52

b

2M+ ’W 2 M+ IP

Tr = (M+m)g |:1_2]\5111]1;]3(ﬁi)y[z—yL0+'UOt+2M+ t? yR—yRO_UOt_2M+1]P t?,
R
2 .2 4 H -
(iv) vL—UO—&—QJ\Z’f%,vR——vL

R.27 (a) KLOZ%ML'U(Q), KROZ%MRU(Q), KPOZ%%'U%, K():%(ML'FMR'FID) (2]
(b) (i) Ugr,0 , (ii) Ugr,o, (iil) Ugr,0 + Ugr,0, WLOG these can be set to zero, (c) (i) AUy =
—i—]\ngI{7 (11) AUgR = —MRQH, (111) —(MR —ML)gH, (d) AK = _AU(]LR7 1}2 =

2 Q(MR—ML)QH
Yo+ ML+MR+Il

R.28 (a) (i) L& m/s (il) 7, =2+ 8¢ [T], o =2+ 28 ¢ [|], (iil) 7 fyL0+2t+9t2 (1],
Yr = Yro — 2t — = [T] (b) (the pulley is not part of the two-block system) (i) & m/s [l],

(ii) (+7t)m/s [ J, (i) [Frgpedgreyie + 264+ 2% m [|]
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R.29 Krot = %Ktrans

R.30 (a) (i) /gL sin(0), (ii) y/3 g L sin(6)

i

, (b) the slab

R.31  (a) (i) V29 P, (ii) yes, (b) (i) \/5 g P, (ii) yes, (c) (i) \/ % g P, (ii) yes,

() (i) /(29 — &) P, (ii) no

R.32 (a) (0,0, M) kgm®/s, (b) 0. No net torque acts on the particle; its motion is
inertial.

R.33 (a) (0,0, M XoVp), (b) 0. No net torque acts on the particle; its motion is inertial.
S.1 (a) M22 (b) a_ = (My — g M) §, vy = (Mo + 4 My)

S.2  500N; 0.4m from the left rope, 0.6m from the right

S.3 %m from the fulcrum
S.4 2500N, ON

S.5 (a) The vertical (components of the) forces provided by the hinges sum to equal the
weight of the door i.e., M g. The horizontal components are of equal magnitude, M g %,
and opposite direction, away from/toward the door at the top/bottom.

S.6 Mg cot(d) = tajvéi(%)

S.7 T =875\, F, = (700, 775) N
S8 (a) E=2V2Mg F=V5Mg (%, —%), (b) E=vV22M+ M)y,

F=(2M+M)g, —Mg)

S.9  (a) sketch, (b) (i) 1500, (ii) 424 22 N, (c) 253 ~ 0.283
S.10 I; = 375N, K > % ~ 0.536

S.11  yes

12 (a) 1L w[—], (b) 100v3 N [—], () 92 N [—]

S.13  (a) stable, (b) not stable, (c) one pawn standing on the ladder’s base makes the
system barely stable

814  (a) 75555, (b) (1) 6 = ¢y + (b — dg) 4, (i) %

S.15 the required forces are identical

S.16  (a) 225N, (b) greater force is required in this case

S.17  137.5N

.18  5500VIL o o8O N

G.1  (a) (i) 625G, (i) 229, (iii) 2625G, (b) (i) 32625G [—], (ii) 2625G [«],
(i) 625G [«]

G2 ()3 (=] m) 285 =], ()35 5 [«

G.3 (a) 9.83m/s? [toward Gaia], (b) 835.6N, this is PK’s weight on Earth.
G.4 doubled

G.5  (a) (i) —2(625G), (ii) —625G, (iii) =3 625G, (b) —5 625G

G.6 (a) (i) 3, (i) O or 1, (b) (i) O or 1, (ii) &
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G8 () 2% (m)—4<M (r) LM
G.9 (a) Z¢M [inward], (b) €H [inward], (c) 0
G.10 (a) —ZCEM () —CM _ CGM () 3N
G(MiJrMo)a (b) GTI;/[ia (C) Oa (d) VP(a) = 7G(M;+Mo)a Vr(b) = 7G7I~\/Ii - GRAfD7

GM. (i) G(]\{?;FMS = G%@, (d) density profile

.83m/52, (b) 9.84m/s2, (c) (i) 7z

G.12 (a)9
G.13  (a) (i) (%%3‘27 (ii) (%ﬁ)z, (b) G M,, [ﬁ m]v
(¢) gm(h) =~ G}gm (1- % +...),(d) Ag ~ %, (e) the approx. is valid when h/R < 1
G.14 (a) no change, (b) doubled, (c) doubled
G.15 the current estimate would be revised down
G.16  (a) (i) v* =Gm [ﬁ %}, (ii) same speeds, kinetic energy is conserved, (iii) 0,
21— ] ) () 02 = G, () w22

(iv) Gm 5, "

G.17 (a) ,/2%2/19 o~ 1'62\3‘9’7];107, (b) approx. 2950m or 3km
©

G.18 (a) 35.9 x 10° m = 35.9 x 10 km above the observer on the surface of the Earth,
(b) 4.225 x 107 m is approximately 11% of the distance to the centre of the Moon.

G.19 (a) 0.885 x 108 m, (b) this is a significant fraction, 18.1% of the Earth-Moon
distance, and it is likely that [with its proportionally large mass|] the Earth’s presence will

disrupt the motion of the satellite.
(a) 2.52 x 1019 m, (b) this distance places the solarstationary satellite well outside

G.20
the body of the Sun, and deep inside Mercury’s orbit

G.21 (a) 7.7km/s, (b) 55055 ~ 91.75min ~ 1.53h

G.22 0.0167



