CHAPTER 5

28. We define the positive x direction to be the direction

32.

of motion for each block. See the free-body diagrams.
Write Newton’s second law in both dimensions for
both objects. Add the two x-equations to find the
acceleration.

Block A:

\ =
> F, =Fu-m,gcosd, =0 — F,, =m,gcosd, M,g , l g
ZFxA = FT -m,g sin@ — FfrA =m,a

Block B:

ZFVB =Fg—-mggcosdy; =0 — F,=m,gcosé,
> Fg=mygsind-F,—F, =ma

Add the final equations together from both analyses and solve for the acceleration, noting that in
both cases the friction force is found as F, = uF,.

m,a=F -m,gsing, — u,m,gcosd, ; mia=m,gsing, — y,mygcosf, - F,
m,a+mga=F -m,gsing, — u,m,gcosd, + mygsing, — y;m.gcosd, —F. —

e gl =M (sin6, + p, cos@, ) +mg (sin @ — u, cosH)
- (m, +m,)

—(2.0kg)(sin51°+0.30c0s51°) +(5.0kg)(sin21° —0.30cos 21°
(9.8Om/52)[ (2.0kg)( (72”(;) )( )}

=|-2.2m/s?

Free-body diagrams are shown for both blocks. There is a force of friction

E
between the two blocks, which acts to the right on the top block, and to the left top
on the bottom block. They are a Newton’s third law pair of forces. F.
(a) Ifthe 4.0 kg block does not slide off, then it must have the same b
acceleration as the 12.0 kg block. That acceleration is caused by the force G
of static friction between the two blocks. To find the minimum coefficient, topd
we use the maximum force of static friction.
a_52m/s F =
Ffr = mtopa = /JFN = :umtopg - H=—= / =0.5306 ~ - F’t;‘onom —Fy
op pe g 9.80m/s* w
(b) If the coefficient of friction only has half the value, then the blocks will be E l Fo
sliding with respect to one another, and so the friction will be kinetic. hottom |
=1(0.5306) =0.2653 ; F, =m a=uF, =um g — lmbotmmg
top top

a = ug =(0.2653)(9.80m/s*) = |2.6m/s’

(c) The bottom block is still accelerating to the right at 5.2 m/sz. Since the top block has a smaller
acceleration than that, it has a negative acceleration relative to the bottom block.
8, =8, +4 =8, -4 =26m/s’ £ 52m/s’i=-2.6m/s’?

top rel top rel ground rel top rel bottom rel
bottom ground bottom ground ground

The top block has an acceleration of |2.6 m/s2 to the left| relative to the bottom block.




(d) No sliding:

Fx = I:P - Ffr = mbottomabottom -
bottom bottom
net
I:P = Ffr + mbottomabottom = Ffr + mbottomabottom = mtopatop + mbottomabottom = (mtop + mbottom ) a
bottom top

=(16.0kg)(5.2m/s’) =

This is the same as simply assuming that the external force is accelerating the total mass. The
internal friction need not be considered if the blocks are not moving relative to each other.

Sliding:
Fx = I:P - Ffr = mbonomabottom -
bottom bottom
net
I:P = Ffr + mbottomabottom = Ffr + mbottoma'bottom = mtopatop + mbottomabottom
bottom top

= (4.0kg)(2.6m/s*) + (12.0kg)(5.2m/s*) =

Again this can be interpreted as the external force providing the acceleration for each block.
The internal friction need not be considered.

38. The centripetal acceleration of a rotating object is given by a, = vz/r .

v=\fa,r = [(125x10°g)r = [(1.25x10°)(9.80m/s*) (.00 x 102 m) = 3.13x10° ms.

(3.13x10% m/s) Lrev (60_5 ): 3.74 %10 rpm
27(8.00x10°m) J\1 min

59. Since the curve is designed for a speed of 85 km/h, traveling at that speed
would mean no friction is needed to round the curve. From Example 5-
15 in the textbook, the no-friction banking angle is given by

im/s ’
V2 {(85 km/h)(B.G km/h ﬂ _ 3901

-1 -1
o=tan rg an (68m)(9.80m/s*)
Driving at a higher speed with the same radius means that more centripetal force will be required
than is present by the normal force alone. That extra centripetal force will be supplied by a force of
static friction, downward along the incline, as shown in the first free-body diagram for the car on the
incline. Write Newton’s second law in both the x and y directions. The car will have no acceleration
in the y direction, and centripetal acceleration in the x direction. We also assume that the car is on

the verge of skidding, so that the static frictional force has its maximum value of F, = . F

x
ZFyzFNcose—mg—Fﬁsinezo — F,cos0-puF,sind=mg —
mg
(cos@ -, sin0)

> F =Fsing+F, cosd=mv’/r — Fsin6+uF,cosd=mv’/r —
~ mv?/r
" (sin@+ u, cosh)
Equate the two expressions for the normal force, and solve for the speed.




66.

68.

mv?/r ~ mg
(sin@+ u, cos@) (cosd— p, sing)

v= |rg (sin@+ c?se) _ (68m)(9.80m/sz)(5m39'91 +0.30c?s39.91 ) _32m/s
(cos@— u sin6) (cos39.91° - 0.30sin 39.91°)

Now for the slowest possible speed. Driving at a slower speed with
the same radius means that less centripetal force will be required than
that supplied by the normal force. That decline in centripetal force
will be supplied by a force of static friction, upward along the incline,
as shown in the second free-body diagram for the car on the incline.
Write Newton’s second law in both the x and y directions. The car
will have no acceleration in the y direction, and centripetal
acceleration in the x direction. We also assume that the car is on the

verge of skidding, so that the static frictional force has its maximum value of F, = x F,.
D F =F,cos0-mg+F,sind=0 —

. m
F,cos@+uF sind=mg — FN:(C089+/91 sind)

ZFX:FNsinH—Fﬁcosezmvz/r - FNsinH—ysFNcosezmvz/r -

~ mv?/r
" (sin6— u, cos )
Equate the two expressions for the normal force, and solve for the speed.
mv?/r mg

(sin@—pu, cos@) (cosd+ u, sino)

v= |rg (sin@— cc_as&) _ (68m)(9.80m/sz)(sm39'91 —O.30cc->339.91 ) _17m/s
(cos@+ u,sin ) (cos39.91° +0.30sin 39.91°)

Thus the range is |17 m/s <v <32m/s|, which is |61km/h <v <115km/h|.

(a) The terminal velocity is given by Eq. 5-9. This can be used to find the value of b.
3x10°kg)(9.80m/s?
, Mg _mg_(3x107kg)(980m/s")
b A (9m/s)
(b) From Example 5-17, the time required for the velocity to reach 63% of terminal velocity is the
time constant, z =m/b.

m 3x107°kg
r=—=———"—=0917s%|1s
b 3.27x10°kg/s

=3.27x10°kg/s ~|3x10°kg/s

The net force on the falling object, taking downward as positive, will be Z F =mg—bv’ =ma.
(@) The terminal velocity occurs when the acceleration is 0.

mg-bv:=ma — mg-bvi=0 — |v,=,/mg/b




mg mg (75kg)(9.80m/s*)
b) vi=,— —> b=—= >
b v; (60m/s)

(c) The curve would be qualitatively like Fig. 5-27, because the speed would increase from 0 to the
terminal velocity, asymptotically. But this curve would be ABOVE the one in Fig. 5-27,
because the friction force increases more rapidly. For Fig. 5-27, if the speed doubles, the
friction force doubles. But in this case, if the speed doubles, the friction force would increase
by a factor of 4, bringing the friction force closer to the weight of the object in a shorter period
of time.

=|0.2kg/m

80. Since mass m is dangling, the tension in the cord must be equal to the weight of mass m, and so
F, =mg. That same tension is in the other end of the cord, maintaining the circular motion of mass

M,andso F, =F,=Ma, =M vz/r. Equate the expressions for tension and solve for the velocity.

MVv'/r=mg — v=|{mgR/M

CHAPTER 6

Consider a free-body diagram of yourself in the elevator. F, is the force of the scale ®
pushing up on you, and reads the normal force. Since the scale reads 76 kg, if it were
calibrated in Newtons, the normal force would be F,, = (76kg)(9.80m/s* ) = 744.8N.

Write Newton’s second law in the vertical direction, with upward as positive. N

F,—mg 744.8N—(65kg)(9.80m/s’)
m 65kg
Since the acceleration is positive, the acceleration is upward.

SF=F,-mg=ma — a-= = 1.7 m/s? upward

27. The speed of an object in a circular orbit of radius r around mass M is given in Example 6-6 by
v=4/GM/r, and is also given by v = 27rr/T , where T is the period of the orbiting object. Equate
the two expressions for the speed and solve for T.

GM _ 2rr
r T
e (1.86x10°m)’ ; :
T=2x =27 =|7.20x10°s ~ 120 min

GM (6.67x10* NIm* /kg® ) (7.35x10%m)



