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To find the acceleration, we use
/( witho, = O

(E) 1. Write the general equation for the
position vector 7 as a function of time
{ for constant acceleration 7 in terms
of Ty, vu, and 4, and substitute
Fo=7,=0.

2. Use F = mi to write the
aceeleration # in terms of the
resultant force F and the mass m.

3. Compute =F from the given forces.

4. Find the acceleration A.

5. Find the position ¥ for a general time ¢.

6. Find 7 at t = 1.60s,
T4
(M Write the velocity # by taking the time
derivative of the step-5 result Evaluate
the velocity at t = 1.6s.

t+3aR2 =040+ 1

i
N
-+
=l

SF=F +F
= {—2.00N { - 400N} + (-260N7 +500N])
~460N{ + 100N}

I

. SF . .
i= —f = ~11.5m/s? { + 250m/s? §
F=1ar=1a] + 30,2 = (=575 m/s? { + 1.25 m/s? He

L 147m 7 +320Iﬂ

d .
B(t) = ~di = 2(~5.75m/s?{ + 1.25 m/s? )¢

5(1.65) = | —184m/s 7 + 4,00 m/s f|

1. The free-fall acceleration is given by a = F /ut:

2 The distance 7 is telated to the radius of Earth
R;and the altitude

3. The acceleration is then:

FE GmM/r* B %

g
&= -;; h i rt
r=R;+ h = 6370km + 400 km
= 770 km
GM,

n=
?"'

(667 x 1071 N - m?/kg?)(5.98 X 10%kg) _ o

= (6.77 X 10°m)*



1. First we draw a free-body diagram g}, Two forces act on the package, the
gravitational force and the normal force. We choose the direction of the acceleration,
down the ramp, as the +x direction. Note: The angle between fg and the —y direction is
the same as the angle between the horizontal and the incline as we see from the free-
body diagram. We can also see that F_, = F, sinf.

2. To find a, we apply Newton’s second law (ZF, = ma) F t+ E,=ma, where
to the package. (Note: E, is perpendicular to the x axis F =0 and F_=F sinf=mgsing
and Pg = mg.) ax g%

3. Substituting and solving for the acceleration gives: 0+ mgsing =ma, so a, = gsind

4. Relate the downward component of the velocity of the v, = v, sinf

box to its velocity component v, In the x direction: |

5. The velocity component v, is related to the displacement vi=v] +2a Ax
Ax along the ramp by the kinematic equation:

6. Substituting for a_ in the kinematic equation (step 5) and v = 2gsinf Ax
setting v,  to zero gives:

| (a)
(7} 1. Draw a free-body diagram for the yo-yo (Feemgatudih). Choose the +x
direction o be the direciion of the yo-yo's acceleration vector.

2. Apply 2F, = ma, to the yo-yo. Then L+E,= nm;
simplify using trigonometry:

Tsinf + 0 = ma,

o7

Tsing = ma,

3. Apply £F, = ma, to the yo-yo. Then, T, + E,=ma, ©
simplify using trigonometry THEERES=E) T eosd — mz =0 -
and F, = mg. Since the acceleration is in cos mg = ) oo o o
the +x direction, a, = 0: or ]

Tcost = mg

. Tsing ™4,
4. Divide the step-2 result by the step 3 Teosf -~ m
result and solve for the acceleration. S

Because the acceleration vector is in the a, = gtan® = (9.81 m/s? tan 22.0° =] 3.96 m/s?

+x directon, & = a,:

me  {0.0400 kg)(9.81 m/s?)
{t) Using the step-3 result, solve for the tension: T= cosg i 0 =|0423N
cos22.0°

a
so tanf = -~ and
g




{a) 1. Draw a free-body diagram of yourself (Eirrrenss):
2. Apply 2F = ma,: Foy T By =ma,
Fy—mg =ma,

3. Solve for F . This is the readingon  F, = mg + mia, = m(g +a) {a) )
the scale (your apparent weight):

4, ay=+a: Fn=

(b) @, = —a". Substitute for a_ in the E=mg+a)= y
Part-(a), step-3 result:

{c} The velocity is positive but decreasing, F, = m(g + a,) = (80 kg)(9.81 m/s* — 8.0 m/s?)

50 the acceleration is negative. Thus, = 1448N = | 140 X 10°N

&, = —8.0m/s* Substitute into the
Part-(a), step-3 result:

(2) 1. Draw free-body diagrams for the two boxescfumrrri=ia).

] ¥
i =z _ o
] 2. Apply £F = md to box 1. Fo—Ey=ma,,
% 3. APP].Y ZF = ma to bOX 2. F12 = fnZHZx 2-21 ?:U E
i 4. Express both the relation between the two accelerations and 4, =a,_=a, e Bm
the relation between the magnitudes of the forces the blocks E,=F,=F fty
exert on each other. The accelerations are equal because the P
speeds are equal at all times, so the rate of change of the
speeds are equal. The forces are equal in magnitude because
the forces constitute a N3L force pair; 3 ‘
5. Substitute these back into the step-2 and step-3 results and a, = —A . ;
solve for a_. ' my + oy, ;
m
(b) Substitute your expression for a, into either the step-2 or the F= ——Z*PAI
step-3 result and solve for . iy iy
. Draw a free-body diagram for the coin when the
book cover inclined at angle §, whered < 6__
(Figure 5-7). Draw the y axis normal to the book
cover:
- The coefficient of static friction relates the fi=nrk
frictional and normal forces:
C1/
. Weapply XF, = ma, to the coin and solve for ZF, = ma, 4 {
the normal force: F, —mgcosf =0 = F = mgcosd nig
b Substitute for F in f, = p F, (Equation 5-1): fi=uF = f =umgcost [
5. Apply ZF, = ma_ to the coin. Then solve for SF, = ma,
the friction force: —f, + mgsing = 0 = f, = mgsing
5. Substituting mg sind for f, in the step-4 result mgsing = pmgcosld = tand = g,
gives:

. 8., the largest angle satisfying the condition

tan@ = u,, is the largest angle such that the
coin does not slide:




Since all forces of interest in this problem are horizontal, draw the free-body diagram showing only
the horizontal forces. K, is the tension in the coupling between the locomotive and the first car, and

it pulls to the right on the first car. Fn is the tension in the coupling between the first car an the

second car. It pulls to the right on car 2, labeled F, and to the left on car 1, labeled E,, . Both cars

have the same mass m and the same acceleration &. Note that ll—?‘m| = |1—7‘mi = F,, by Newton’s 3"

law.

Write a Newton’s 2™ law expression for each car.
2 E=E ~F,=ma ) F=F,=ma

Substitute the expression for ma from the second expression into the first one. .
Fy—Fp=ma=F, - F,=2F, - FI'I/FTz =2

This can also be discussed in the sense that the tension between the locomotive and the first car is
pulling 2 cars, while the tension between the cars is only pulling one car.

‘s
—t

(¢) Assume that the earthquake is moving the Earth to the right. If an object is to i
“hold its place”, then the object must also be accelerating to the right with the N
Earth. The force that will accelerate that object will be the static frictional -
force, which would also have to be to the right. If the force were not large F;
enough, the Earth would move out from under the chair somewhat, giving the n;"

appearance that the chair were being “thrown” to the left. Consider the free- \
body diagram shown for a chair on the floor. It is apparent that the normal force is equal to the

weight since there is no motion in the vertical direction. Newton’s 2™ law says that F, = ma .
We also assume that the chair is just on the verge of slipping, which means that the static
frictional force has its maximum value of F, = u F,, = u mg . Equate the two expressions for
the frictional force to find the coefficient of friction.

ma=pmg — |4 =afg ,
If the static coefficient is larger than this, then there will be a larger maximum frictional force,
and the static frictional force will be more than sufficient to hold the chair in place on the floor.

a 4.0 m/ s*

s
For the 1989 quake, — = ——
E}b) B T o gm/s

5

=0.41. Since g, =0.25, |the chair would slide| .




