Sample Problem m

Figures 5-3a to ¢ show three situations in which one or
two forces act on a puck that moves over frictionless ice
along an x axis, in one-dimensional motion. The puck’s
mass is s = .20 kg, Forces F1 and .Ff?_ are directed along
the axis and have magnitudes F, = 40N and F, =
2.0 M. Force Fy is directed at angle # = 30° and has
magnitude Fy = 10N, In each situation, what is the
acceleration of the puck?

jallsiall [n cach situation we can relate the acceler-

ation @ to the net force F.., acting on the puck with
Mewton's second law, F,, = ma. However, because the
molion is along only the r axis, we can simplify each sit-
uation by writing the second law for x components only:

FHI:"I..T = md;. f54}

The free-body diagrams for the three situations are
given in Figs 5-3d4 to f with the puck represented by a
dot.

Situation A: For Fig. 5-3d, where only one horizontal
force acts, Eq. 5-4 gives us

Fy = ma,,
which, with given data, vields

F 40N
=— = ———— = N m/s’.
B o 02D kg R
The positive answer indicates that the acceleration is in
the positive direction of the x axis.

{ Answer)

Situation B: In Fig. 5-3e, two horizontal forces act on
the puck, Fy in the positive direction of x and F; in the
negative direction. Now Eq. 5-4 gives us

= Fo=ma,,
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FIG. 53 (a)-{c) In three situations, forces act on a puck that
moves along an x axis. (d )= f ) Free-body diagrams,

which, with given data, yields
ol —_— =

: = 10 m/s.

m 0,20 kg S
(Answer)

Thus, the net force accelerates the puck in the positive

direction of the x axs,

Situation C: In Fig. 5-3f, force F, is not directed along
the diraction of the puck’s acceleration; only x compso-
nent Fy , is. (Force F'3 is two-dimensional but the motion
is only one-dimensional. ) Thus, we write Eq. 5-4 as

Fy = F» = ma,. (5-5)

From the figure, we see that F; . = F; cos # Solving for
the acceleration and substituting for Fy |, vield

g Fu-F _Fomé-F
= " a F
(1.0 N){cos 30F) — 20N .
- — = —5.7 m/s™.
020 kg
[Answer)

Thus, the net force accelerates the puck in the negative
direction of the r axis.

In Fig. 5-16a, a cord pulls on a box of sea biscuits up
along a frictionless plane inclined at # = 307, The hox
has mass i = 5,00 kg, and the force from the cord has
magmnitude T = 25.0 M, What is the box’s acceleration
component @ along the inclined plane?

bt The acceleration along the plane is set by

the force components along the plane (mot by force
components perpendicular to the plane), as expressed
by Newton's second law (Eq. 5-1).



1) (&)

FIG. 5-16 (a1) A box is A
pulled wp a plane by a
cord. (k) The three
forces acting on the
box; the cord's [oree 7,
the gravittional force R
F,. and the normal force Fa
fi. () The componenls -

'\ cos @

of F, along the plane
and pependicular
toit. (e

I;;R:.‘-.il:l 2}

Sample Problem Build your skill

Caleulation: For convenience, we draw a coordinate
system and a free-body diagram as shown in Fig, 5-16b.
"The positive direction of the x axis is up the plane. Force
T from the cord is up the plane and has magnitude
T'=250N. The gravilational force F:; is downward
and has magnitude mg = (5.00 kg)(9.8 ms*) = 490 N.
More important, its component along the plane is down
the plane and has magnitude ryg sim # as indicated in Fig.
5-16c. (Tio see why that trig function is involved, compare
the right triangles in Figs. 5-16b and ¢.) To indicate the
direction, we can write the component as —mig sin 8 The
mormal force FL. 15 perpendicular to the plane and thus
does not determine aoeelération along the plane.

We write Newton’s second law (F, = md) lor
motion along the v axis as

T — myg sin & = . (5-22)
Substituting data and solving for a, we find
a = 0.100 m/s?, { Answer)

where the positive result indicates that the box acceler-
ates up the plane.

Figure 5-18a shows the general arrangement in which
two forces are applied to a 4.00 kg block on a friction-
less foor, but ondy foree £ 15 indicated. That force has a
fixed magnitude but can be applied at angle # to the
positive dirgction of the ¥ axis, Force Fj i5 horizontal
and fixed in both magnitude and angle. Figure 5-188
gives the horizontal acceleration e, of the block for any
given value of # from 0° to 907, What is the value of a,

for &= 180F7

KEY IDEAS (1) The horizontal acceleration a, depends

on the net horizontal force Fy ;. as given by Newton's
second law. (2) The net horizontal force is the sum of
the horizontal companents of forces F, and Fa,

Calculations: The x component of F, is F, because the
vector is borizontal. The x component of .F'. is F, oos 8
Using these expressions and a mass mof 4.00 kg, we can
write Newton’s secomd law (F,,, = mra ) for motion
along the x axis as

Fieos @+ 5y = 4,00, (3-25)

From this equation we see that when & = %7, F, cos
is zero amd F; = 4.00w,. From the graph we see that
the corresponding  acceleration is 0,50 m/s®. Thus,

F2=200N and F, must be in the positive direction of
thie v axis
From Eq. 525, we find that when & = 07,

Fcos (P + 200 = 4,004, (5-26)

From the graph we see that the corresponding accel-
eration is 3.0mi’. From Eq. 5-26, we then find that
Fp=10N

Substituting F, = 10N, £ = 200N, and & = 1807
into Eq. 5-25 leads to

a, = —200 mis?, { Answer)

w0

(&

FIG. 518 (a) One of the two forces applied 1o a block is
shaown, [1s angle fcan be varigd. (& The block’s acceleration
COMMPONENT 2, VErsus )




Sample Problem Build your skill

In Fig. 5-1%, a passenger of mass v = 722 kr stands on
a platform scale in an elevator cab. We are concerned
with the scale readings when the cab is stationary and
when it is moving up or down.

{a) Find a general solution for the scale reading, what-
ever the vertical motion of the cab.

(1) The reading 15 equal o the magnitude of
the normal force Fy on the passenger from the scale. The
only other force acting on the passenger is the gravita-
tional force F ., as shown in the free-body diagram of Fg. 5-
19, {23 We can relate the forees an the passenger Lo his ac-
celeration @ by using Newton's second law (F,., = mad).
Howewer, recall that we can use this law only in an inertial
frame. If the cab accelerates, then it & nov an mertial frame.
Sowe choose the pround to be our mertial frame and make
any measure of the passenger’s acceleration relative to it.

Caleulations: Because the two forces on the passenger
and hiz aceeleration are all directed vertically, along the
y axis in Fig. 5-19b, we can use Newton's second law
written for y components { F,., , = ma,) 10 get

Fy — Fy = ma

or Fy=F, + ma (5-27)

This tells us that the scale reading, which is equal 1o Fy,
depends on the vertical acceleration. Substituting mg
for F, gives us

Fy=wmig+a) (Answer) (3-28)

for any choice of acceleration &,

ib) What does the scale read if the cab is stationary or
moving upward at a constant 0,50 m's?

FIG. 515 (4} A pas-
senger slands o a plats
form scale that indi-
cates either his weight
or his apparent weiglut.
(5] The !'rul:-hnl.i].'dia-
gram for the possenger,
.:huwiymt.' normmal
force Fyoon himn from
the scale and the gravi-
tational force .l'-;.

KEY IDEA i
For any constant velocity {zero or other-
wise), the acceleration a of the passenger is zera,

Calculation: Substituting this and other known values
inte Eq, 5-28, we find

Fy = (722 kg){9.8 mis? + Q) = 708 N,
{Answer}
This 15 the weight of the passenger and is equal to the
magmitude £, of the gravitational foree on him.

(c] Whai does the scale read if the cab acceleraies
upward at 3.20 m/s’ and downward at 3.20 m/s™?

Caleulations: Fora = 3.20 mis®, Eq. 5-28 gives

Fy = (722 kgW9.8 mfs* + 3.20 m/s")
=939 N,
and for a = —3.20 mis?, it gives
Fy = (722 kg)(9.8 m/s* — 3.20 m/s")
= 47T N
For an upward acceleration (either the cab’s wpward

speed is increasing or i3 downward speed 15 decreas-
imgl, the scale reading & greater than the passenger’s
weighl. That reading is a measurement of an apparent
weighl, because it is made in a nonimertial frame. For
a downward acgeleration (either decreasing upward
speed or increasing downward speed). the scale reading
is less than the passenger’s weight

{Answer)

{Answer)

(d) Druring the upward acceleration in part (], what i
the magnitude F,. of the net force on the passenger.
and what s the magnitude i OF his acceleration as
micaswred in the frame of the cab? Doses ._F"h.l = Wl op?

Calculation: The magnitmde F, of the gravitational
{orce on the passenger does not depend on the motion
of the passenger or the cab; so. from part (b), F, is 708 N,
From part (¢}, the magnitude Fy, of the normal foree on the
pasmenper during the upward acceleration = the Y30 N
reading on the scale. Thus, the net foree on the passenger is

Foy=Fy— F,=99N-T8BN=23N
[ Aamswer]
during the upward acceleration. However, his accelera-
Hon a,., relative 1o the frame of the cab is zero, Thus, in

the noninertial frame of the accelerating cab, F,, s not
equal Lo .. and Newton's second law does not hold.




