Chapter E - Problems

Blinn College - Physics 2425 - Terry Honan

Problem E.1

(a) What is the centripetal (radial) acceleration of a point on the earth's equator?

(b) Give an expression for the centripetal acceleration as a function of the latitude angle, 6;. What is this at the latitude of Bryan,
Texas, at 6 =30.7°?
(c) What are the speeds of a point at the equator and at Bryan, Texas due to the eaarth's rotation?

(d) The earth's rotation is slowing at a rate of 2.2 s every 100,000 years..

dT _ AT _ 23s
dt At 100,000 years

What is the (very small) tangential component of the acceleration of a point on the earth's equator? Hint: use the chain rule.

d2rr  2nr dT

dt T 72 dt

Solution to E.1

For the earth: 7= 1day =24-3600 s
(a) At the equator:

2
24-3600

2
) 6.37x100= 0.033722

r=RE - ac=(
S

Comment: Compared to the gravitational acceleration of g, this is small but not negligible.

(b) ris the radius of the circle but something on the rotating earth moves along a path that traces a latitude line. At some point other
that the equator this is:

r=Rpcosf; = ac:(0.0337 %)XCOS@L
S

61=307° = a,=00290 =

N

(c) The speed is found form the period: v = %

At equator: v = 27 6.37x100 =463 &
243600 s
At Bryan: v= —2%— 6.37x 105 cos 30.7° = 398 =
243600 s

(d) To find the tangential acceleration use a; = dv/dt and the hints.
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a_@_127rr__27rrd_T__27rrA_T__27TRE 23s
Yar T ar T T2 dt T2 At (1day)® 100,000 years
271 RE 23s  _ 271637x10° 23

=391x10~15 22

_(lday)2 100,000 year (24x3600)2  100,000%(365.24x24x3600) s

Problem E.2

A car drives around a 200 m radius circle with a speed that decreases uniformly from 30 m/s to 20 m/s in 8s. At the instant the
speed is 25 m/s then:

(a) what is the centripetal acceleration,

(b) what is the tangential acceleration and

(c) what is the magnitude of the acceleration?

Solution to E.2

2 2

v 25 m
Aa.=—="—=3125—
(@) ac r 200 §2
(bya,= & =8 _2030 __4,5m

dt At 8 §2

2 2 m
(©a=,[|as+a; =3.37s—2

Problem E.3

While moving in a circle with a 12 m radius the speed of a particle varies with time by v(#) =2+ 107 -4 72 in SI units. Atr=2s
what are the centripetal and tangential components of th acceleration? Also give the magnitude of the total acceleration and the angle
of this acceleration measured relative to the centripetal direction.

Solution to E.3
2 2
W) =2+101-412 = v28)=6 = o= =L =30
r 12 52
dv dv dv m
—)=10-8¢t = —(2s8)=-6 = = —-_6=
dt() dl( ) a=— 2
a= /ag+at2 :6.7122
S
g=tan~! & = _634°
ac

Problem E.4

In the Bohr model of the hydrogen atom an electron moves in a circle of radius 5.29 x 107" m with a speed of 2.20 x 100 m/s. What
net force is needed to produce this motion.
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Solution to E.4

2 (220x100)%
a=L = ¥:9.14x1022 n
r 520x10!! 52

= Fpet=ma=911x10731a=834x108 N

Problem E.5

A small block sits on a turntable that rotates with a period of 3 s. If the coefficient of static friction between the turntable and the
block is 0.4 then what is the largest distance the block can be from the center without slipping?

Solution to E.5
Newton's second law in the centripetal direction gives:

27r)2
=\r

Frete=ma, = fs=m( T

and in the vertical direction
Fhetyver =mayer =0 = N=mg.

The constraint force of static friction satisfies the inequality f; < ug N. Inserting our information from above into this inequality gives

/JS

27m\2 T \2
m(—ﬂ) Tmax = Us M & = Fmax = Mg g(—) :0.4)(9.80(
T 2m

2
i) =0.894m

2

Problem E.6

A Ferris Wheel has a radius of 30 m and rotates once every 40 s. What are the minimum and maximum normal force of the seat on a
160 1b man. A Ferris wheel rotates in a vertical circle and a rider always sits upright.

Solution to E.6

The extreme cases should be at the bottom and at the top so that is all we need to consider. The magnitude of the acceleration is the
same everywhere in the circle.

2 2
a, = (27”) r= (i—g) 30 =0.74022

Since we are given the weight the mass is W /g and we can write
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mag=Ww % =160« 274922 _ 15 0g51p
8
N
N
|4 W
at top at bottom

At the top the acceleration is downward.

Fpet=ma = W-N=ma, = N=W -ma,=160-12.085=1481b
At the bottom the acceleration is upward.

Fpet=ma = N-W=ma, = N=W+ma,=160+12.085=1721b

It follows that the minimum and maximum normal forces are 148 Ib and 162 1b.

Problem E.7

A mass m is moves in a vertical circle at the end of a string of length L.

(a) If at the bottom the mass has a speed v then what is the tension T in the string?

(b) If at the top the mass has a speed v then what is the tension 7 in the string? What is the minimum speed the mass can have without
the string losing its tension?

Solution to E.7

at bottom at top
(a) The acceleration is directed toward the center of the circle, which is upward in this case.
V2
Fpet=ma = T-mg=ma, = T=mac+mg=m(z +g)
(b) At the top the acceleration is downward.
2
Fpet=ma = T+mg=ma, = T:mac—mgzm(— —g)

The minimum speed at the top is when the tension is zero.
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T=0 = vpin=VgL

Problem E.8

position.

A mass m is moves in a vertical circle at the end of a string of length L. If the mass has a speed v, at angle 6§ measured from vertical
as shown, then what is the tension 7 in the string at that position. Also, find the tangential componet of the acceleration at that

Solution to E.8

mg

Here there are both tangential and centripetal components of the acceleration. The tension force is in the centripetal direction, so that
is what we must consider.

2 2
Fnete=mac = T+mgcosf = mi = T= mv——mgcose
r

The tangential component of the acceleration comes from the other component of the weight. The tangential direction is the direction
of the velocity; this gives a negative component.

Fpety=ma; = —mgsinf = ma; = a;= —gsing
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Problem E.9

We saw in the Chapter D notes that a pendulum in an accelerating cart will hang at an angle given by
tanf = <.
8

Treating the accelerating cart as an accelerating frame reanalyze the problem to derive the same result. What is the tension in the
string?

Solution to E.9

Sart a

A forward acceleration corresponds to a backward artificial gravity. A suspended object will hang in the direction of the effective
gravity gefr = & + gart - The angle is given by:

The tension is just the effective weight.

T= Wegp= mgegr= mV a’ +g>

Problem E.10

This is an extension of problem E.1. Define true vertical to be the direction pointing toward the center of the earth and assume the
earth is a perfect sphere. A plumb bob will not hang in the direction of true vertical but will hang in the dirction of the effective

gravity gegr. The latitude of Bryan Texas is 6 = 30.7°.
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(a) What is the strength of the effective gravity g.gr at Bryan Texas, taking g =9.80 m / s2 as exact?

(b) What is the angle between true vertical and the direction of g.¢s at Bryan Texas?

Solution to E.10

(a) Use the law of cosines to find guff.

S

Seff = \/g2 + 824 —288gurtcos O = \9.802 +0.02902 — 2x9.80x0.0289 cos 30.7° =9.78 =

(b) To get the angle, ¢ in the diagram, use the law of sines.

sin ¢ _ sinfy, - sin ¢ _ sin30.7°
Zart 8off 0.0290 9.78

= ¢=00867°

Problem E.11

The above graphics represent a glass of water sliding down an incline. View the glass as an accelerated frame and answer the
following:

(a) Which describes a glass sliding down a frictionless incline?
(b) Which describes a glass sliding down an incline in the case where the friction is such that the speed of the glass is constant?

(c) Which describes a glass sliding down an incline in the case where there is slight friction, so that the speed of the glass is
increasing?

(d) Which describes a glass sliding down an incline in the case where there is high friction, so that the speed of the glass is
decreasing?

Solution to E.11
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The surface of the water will be perpendicular to the effective gravity geff at that position.

(a) If the incline is frictionless then the acceleration is a = g sin # and water level is parallel to the surface. This gives case (D).

8eff

(b) If the friction causes a constant velocity, then the acceleration is zero and gerf =g . This gives a horizontal water level and case

(B).

(c) If the friction causes an increasing velocity, then ge¢r is between normal to the surface and vertical, and thus gives case (C).

Sart

(c) If the friction causes a decreasing velocity, then the acceleration is up the incline and gam is down the incline. This skews the

water level to case (A).

Note that case (E) would correspond to some external force, for example a tension, pulling the glass down the incline with an accelera-
tion greater than gsiné.
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The outside rim of a rotating space station has a 150 m radius. It is desired to create an artificial gravity where a 150 Ib man has an

artificial weight of 501b. What period of rotation is needed to do this?

Solution to E.12

Using W =m g, we can relate the artificial weight to the earth weight.

Wart _ gart 50 Sart 1
=— = —= — = gart= <&
w g 150 g 3
. N N 2
Since g, =—a wehave gait =ac and a, = (2%) r.

2
gart:acz(z—”) r = T=2n [ =2nx 150 =42.6s
T 8art 9.80/3



