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3. Hints for Problems
1
(a) Since the tires do not skid on the road the speed v of the automobile and the rotational speed || of the tires are

related by v = |¢|R, where R is the radius of a tire.

(b) Use Jwa |* — |w1|* = 2a A8, where |wy |is the initial rotational speed, | | is the final rotational speed, a is the
rotational acceleration, and A g is the rotational displacement. Solve for . Be sure to use consistent angular measure.

(c) The distance ¢ the car travels is related to the rotational displacement of the wheels by d = |Ad| R.

[Ans: (a) 59.3 rad/s; (b) 8.3 rad/s% (¢) 70.7m ]

9
(a) An expression for the acceleration is derived in the text and appears as Eq. 12-6:
a = - g
com ¥ L+ I /MRY

where 3f is the mass of the yo-yo, I

~om 18 its rotational inertia about the center of mass, and R is the radius of its
axle.

. . . » 1 £ A2 )
(b) Solve the kinematic equation ¥Y__ = F00om y( At)= for Az.

(c) As it reaches the end of the string its translational speed is v = G, At

(d) The translational kinetic energy is ' = %mt‘gom y

(e) The rotational speed is given by |w| = ¥oop y /Ao and the rotational kinetic energy is I{ = %I com |¢Lr|3.
(f) The rotational speed is |w/| = v, v/ Fo

[Ans: (a) 13 cm/s% (b) 4.4 55 (¢0) 55 em/ 55 (D) 1.8 « 10273 (@) 1.4 T (D 2T rev/s ]

13
(a) Recall that the vector product of two vectors is perpendicular to both of the vectors and that the scalar product of
two vectors is proportional to the cosine of the angle between the vectors.

(b) The magnitude of j . 7 is absin ¢. Since j .. 7 is perpendicular to g, the magnitude of 7 ,:5 « @)is a|g < Gl

[Ans: (b) a°bsin ¢ ]

19 - .
(@) Let = F,i 4 Fyjand 7= 24

. Then

o
LS

T=rxF=(zityj)<(Fpt+Fyj)=(xky—yky) k.
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The last result can be obtained by multiplying out the quantities in parentheses and using ; - 3 =

7w 2 =10 and 3 x3=0Uu

(b) Use the definition of the vector product: |7 F| = rF gin ¢» Where ¢ is the angle between 7 and g when they

are drawn with their tails at the same point. Also use r = /2% 4 3° and F' = \ F2 4+ _{-3

[Ans: (a) (50 N . m) & (b) 80°]

21
(a) The rotational momentum is given by the vector product 7 _ .= . 7, where 7 is the position vector of the

particle and 7 is its Velomty Since the position and velocity vectors are in the Z¥ plane we may write 7 = 2 ; 4 y J
and 5 V= Vgt + ': Thus '-.J"" — YUy | 'j.

(b) The torque is glven by = — 7. F - Since the force has only an g - component we may write £ — F,i ; and find
that ¥ = —y £, & (¢) Accordlng to Newton's second law, & — aL ' dt-

o

[Ans: (@) (—1.7 5« 10% kg - m?/5) k5 (0) (56 NV - m) &3 (©) (56 kg -m® /s7) k]

The rotational momentum of a particle is given by 7" — .7 . 7>, Where m is its mass, 7 is its relative to the origin,
and 7 is its velocity. The magnitude is { = mrv 2in ¢, where ¢ is the angle between 7 and 7. For each of the
particles in this problem 7 and 7 are perpendicular to each other, so ¢ = mru. To find the dlrectlon use the right hand
rule: Move 7 so its tail is at the tail of 7, then curl the fingers of your right hand so they tend to rotate 7 toward 7.
Your thumb points in the direction of the vector product. Find the rotational momentum of each particle and
vectorially sum the rotational momenta.

[Ans: (a) 3.8 kg - m- /55 (b) positive z direction ]

27
(@) Use 7" — 17« 77> Where 7 is the pos1t10n vector of the object 7 is its VGlOClty vector, and m is its mass. Write
F:rvc-l-: .v‘.al’ld‘:’.zvré.}_hy‘, Then( —_r1|~hy + Vg ) +1L. ~.|
(b) Use = — 7. fowith F = p'j. Then F= —zF i 4 2F, k

[Ans: (@) —(10kg-m?/s) i+ (6.0kg -m®/5)] +(20kg - m?/s) ks ®) (SON m) i+ (S.0N -m) k]

31
(a) Since 7 = ¢TI/t the average torque acting during any interval is given by « 7 — = (L. — Lq)/At where [ )18

the initial rotatlonal momentum, . is the final rotational momentum, and Az is the time interval.

(b) The angle turned is Ad = wq At + —a[:_\tj 2. If the rotational acceleration @ is uniform, then so is the torque and
o = 7/I. Furthermore, wy = L /T.

(c) The work done on the wheel is 117 = + Ag.

(d) The average power is the work done by the flywheel (the negative of the work 17~ done on the flywheel) divided
by the time interval: < P == —117/A¢t.
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[Ans: (a) 1 47 V. m (b) 20.3 rad; (¢) —20.8 75 (d) 10,0117 ]

(a) A particle contributes ;152 to the rotational inertia. Here r is the distance from the origin O to the particle. The
strings do not contribute since they are massless. Sum the contributions of the individual particles.
=1T niddle > where In

(b) The rotational momentum of the middle particle is given by L = dmd" is its

rotational inertia.

middle nidd le

(c) The magnitude of the total rotational momentum is .

[Ans: (@) 14md% () d4md’es (©) 14md*w ]

(a) No external torques act on the system consisting of the man, bricks, and platform, so the total rotational
momentum of that system is conserved. Let f; be the initial rotational inertia of the system and let 7, be the final
rotational inertia. If |wy | is the initial rotational speed and |ws | is the final rotational speed, then Iy |w;| = Iafws |
Solve for |wa |

(b) The initial kinetic energy is 7 = %I 1] |3, the final kinetic energy is \n = 21, | |3. Calculate i7y — I
[Ans: (a) 3.6 rev/s; (b) 3.0; (c) The man did work in decreasing the rotational inertia by pulling the bricks closer to
his body. This energy came from the man's store of internal energy. ]

No external torques act on the system consisting of the train and wheel, so the rotational momentum of that system is
conserved. The total rotational momentum of the system is initially zero and remains zero. Let f (= 37 R°) be the
rotational inertia of the wheel. The magnitude of its final rotational momentum is ., = fw = A R°w, where 37 is
the mass of the wheel. The speed of the track is ;s & and the speed of the train is (y & — o. The magnitude of the
rotational momentum of the train is L; = m{w R — v) R, where m is its mass. Substitute into the conservation of
rotational momentum equation and solve for .

muv

[Ans: —':_-U FmR ]

The total rotational momentum of the record-putty system is conserved as the putty sticks to the record. The magnitude
of the rotational momentum of the system before the putty sticks is I'|wq |, where 1 is the rotational inertia of the
record and |y | is its rotational speed. After the putty sticks the magnitude of the total rotational momentum is

(I + mR?)|wa |, where m is the mass of the putty, R is the radius of the record, and |5 | is the new rotational speed.
Equate the two expressions for the rotational momentum and solve for |ws |

[Ans: 3 drad/s |

(a) The rotational momentum of the two-disk system is conserved as the small disk slides. Let 4 be the rotational
inertia of the large disk, 75, be the rotational inertia of the small disk in its initial location, and g be the rotational
inertia of the small disk in its final location, all about the axis through the center of the large disk. If | | is the initial
rotational speed of the disks and |ws | is their final rotational speed, then conservation of rotational momentum yields
(Ia+ Ig1)|w1| = (14 + Iga)|wa| The center of the small disk moved a distance of 2r. The parallel axis theorem
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tells us that Tz = I, 4+ mi 27) 2. According to Table 11-2, the rotational inertia of a uniform disk with mass 3 and
radius R is Af 533 You can now solve for |ws |

(b) The old kinetic energy is Ky = 2{J4 + Ig Jwi and the new kinetic energy is K» = %':‘, Ta+ 15 )3

[Ans: (a) 18 rad/s; (b) 0.82]

Use conservation of mechanical energy to show that the speed of the particle just before it hits the rod is v = \ﬁ
Use conservation of angular momentum to show that the angular speed of the rod and particle just after the collision is
lw| = mud /(I + md- ), where 1 is the rotational inertia of the rod about an end. To compute f see Table 11-2 and
use the parallel-axis theorem. Use conservation of mechanical energy to find an expression for 4. The initial kinetic
energy is the rotational kinetic energy of the rod and particle.

6m-h
Ans: cos™! |1 — — :
[Ans: co domt 3 (3m+ i) |
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