Chapter F - Problems

Blinn College - Physics 2425 - Terry Honan

Problem F.1

A 600 N force pushes a refrigerator 8 m along a floor. What is the work done by the force?

Solution to F.1
For a constant force in one dimension:

W=FAx=600x8=4800]J

Problem F.2

Junior lifts a 20 N weight slowly (assume zero acceleration at all times) a distace of 1.5 m. What is the work done by Junior and what
is the work done by gravity?

Solution to F.2

The lifting force is the same as the weight in magnitude. W = F A x is the work done by a constant force in one dimension. F and A x
should be viewed as one dimensional vectors; the direction of a one dimensional vector is its sign.

Wiunior = FAx=20x15=30J and

Waray = FAx = (-20)x1.5=-30]

Problem F.3

Consider the vectors A = (—2, 5, —=3) and B = (-1, 0, 2).
(a) What is the angle between the two vectors?

(b) What is the angle between A and the positive z axis?

Solution to F.3

The dot product has A-B=ABcosfand A-B=A x Bx + Ay By + A; B; as alternative definitions.

(a) To find the angle between two vectors we equate the two definitons. To evaluate this dot product,. since we are given the compo-
nents of the two vectors, the second is the definition we need

AB=AyBy+AyBy+ A, By = (=2) (1) +5-0+ (=3)-2 = —4

The the magnitudes of the two vectors are

A=V22+5243% =38 andB=V1+0+2% =V5.



2| Chapter F - Problems

Now we can find the angle.

A-B=ABcosf — §=cos ! i—g =cos =1069°

-1 —4
V3g V5

(b) The angle between a vector and the z axis can be by repeating the above procedure replacing B with e;. Generally, the dot product

of any vector and a unit vector gives the component of the vector in the direction of the unit vector.
Al;=A0+A 0 +A 1=A,=-3

A

A- _
0 =cos™! ﬁzcos_1 3 =119.1°
Al 38 1

Problem F.4

A 20N block, initially at rest, is dragged 5 m along a horizontal floor by a rope. The rope has a tension of 12 N and makes an angle
of 25 ° above horizontal. A friction force of 9 N acts backward.
(a) There are four forces acting: the tension, friction, the normal force and gravity. What is the work done by each force?

(b) What is the final speed of the block?

Solution to F 4
(a) There are three forces acting on the block: the tension, the normal force and gravity. The work done by a constant force is:
W=F-A7=FArcosf.
Gravity and the normal force are perpendicular to the direction of motion (horizontal) and thus do zero work.
Wy =0=Wgray
The tension force does positive work:
Wr=TArcosf=12x5c0s25°=54.379=544].
The friction force f; opposes the direction of motion and does negative work:
We=frArcos180°=—fr Ar=-9x5=-45].

(b) The work energy theorem relates the net work to the change in the kinetic energy. The net work is the sum of the works done by
all force acting on the body (all forces int he free-body diagram). In this case we have Wpet = W + Wf + Woray + Wy

Vo= W2y - L)
= TArcose—kar+o+0:%m(v}.—o)

— 54.379—45=l§(v2—0) — vy=3031
2 98 S

Problem F.5

Consider a force of F(x) = 612 20 (in SI units). If this acts on a body that moves from x =2 m to x =4 m then what is the work
done by the force?
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Solution to F.5

For a varying force in one dimension the work is
W= [TFxdx
Xl' ’
Heere we get:

W= fH(6x% -20)dx= (223 ~20x) |3 =48 - (-24) = 72N

Problem F.6

It takes a 60 N force to compress a spring 4 cm.

(a) What is the work done by the spring when it is compressed from O to x = —4 cm?

(b) What is the work done in compressing the spring in part (a)?

(c) What is the work done by the spring when it is compressed from the stretched position of x =2cm to x = -4 cm?

Solution to F.6
We first need to find the spring constant.

Fokx = k=E-5 _1500N/m
Y004

The work done by a spring between x; and x¢ is

Wipring = _% k (szf - XIZ)

(@x;=0and xp=-004m = Wj 12]

pring = —
(b) When some agent compresses the spring it does the negative of this.

Wagent =-W

spring = +1.2

(©)x;=0.02mand xr=-004m = W -09]

pring ~

Problem F.7

|3

A 3kg mass intially at rest at x =0 is acted upon by a single force given by the graph below. What is the speed of the mass at

x=2m,x=5mand x=7m.

[N .
TSN S
————1

— 7 X (m)
5 7
1
B S
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Solution to F.7

We need to use the work energy theorem where the net work is the work done by the only force

= 1 (2_,2\=1,.2 _ 2w
Wnet—AK:>W—Em(vf—vi)—zmvfzvjc— —

For a varying force in one dimension the work is
W= [ Fx)dx
xi ’

This has the graphical interpretation as the area under the graph of F' vs. x. Here we can find the areas using simple geometry.
Remember that when a function is below the axis the dontribution to the area is negative. Denote the work from 0 to x by W,.

Using m =3 kg we can find v .

Wop= 22x30=307 = v,= [2X —4q7
2 m s

Wos = Wop + Waz + W35 =30+ 1x30+30=90) = vy =775 =
S

W07:W05+W57:90—%2><15:75J = vp=707 ©
S

Problem F.8

A man does work W pushing a car of mass m from rest to a speed v over a distance d on a horizontal surface. A resistive force acts
backward.

(a) What is the work done by the resistive force?

(b) What are the pushing force and the magnitude of the resistive force?

(c) Give the answers to parts (a) and (b) using the numbers:

m=1600kg,v=152,W=2400J andd = 6m
S

Solution to F.8

(a) The only two forces that do work on the car are the pushing force and the resistive force; the normal force and gravity are perpen-
dicular to the drection of motion. To do this use the work-energy theorem with Wypet = W + Wp.

Whet = AK = W+WR=%V2—O — WR=%V2—W

(b) From the works it is easy to get the forces.
W=FArcos=Fd = F=W/d

Wr=FArcosf=-Rd = R=—WR/0Z=W/01_%V2
(c) Using the values m = 1600 kg, v =1.5 B W=2400J and d = 6m we get:
S

Wg = % V2 —W = 1800 — 2400 = —600J,
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F=W/d=2400/6=400N and R=Wp/d=600/6=100N

Problem F.9

(a) A block of mass m slides from rest a distance D down an incline at angle 6 before hitting a spring that is parallel to the incline. It
compresses the spring an additional d before stopping and turning around. If the coefficient of kinetic friction is u then what is the
spring constant?

(b) Solve part (a) numerically using m = 20kg, D =40cm,d = 10cm, # =35° and p = 0.20.

Solution to F.9

2

Here the mechanical energy is E = % mv-+mgy+ % k x2. Since there is friction it is not conserved.

2

1 1 1 1
Ei+Wpe=Ef = Emvi +mgy;+ Ekxlz+Wnc=Emvjzr+mgyf+ Ekx]%

Whe is the work done by friction. Friction acts oppossite to the direction of motion so its work is Wpe=- fi (D +d), where D +d is
the total distance it slides. The magnitude of the force of friction is f; = u; N = u N. Since only the normal force and the perpendicu-

lar component of gravity act perpendicular to the surface then N = m g cos 6. Putting this all together gives

Whe = sz —fr(D+d)=-pumgcosf(D+d).

The block is at rest in both the initial and final cases.

v;=0= vy
The total distance it slides is D + d so the vertical part of that is (D + d) sin 6. Since the net motion is downward we get:

yi=(D+d)sin€ and yf:O
Initially the spring is uncompressed and in the end it is compressed by d.
xp=0andxp=d
The expression for E; + Wy = E f becomes
[0+mg(D+d)sinf+0] - umgcosf(D+d)=0+0+ %kdz
Solving for k gives the somewhat ugly expression
k= 2;n—zg(D+d)(sin0—,ucos0)

(b) Usingm=20kg,D=0.40m,d =0.10m, # =35° and p =0.20 gives

k=8030 N
m

Problem F.10

A mass swings in a vertical circle at the end of a string of length L. What is the minimum speed the mass must have at the bottom of
the circle for the mass to make it over the top without the string collapsing.
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Solution to F.10

We first need to find the minimum speed at the top to make it over without the string collapsing. This part is a chapter E problem.
The two forces are the tension T and the weight m g, both acting downward. The acceleration is centripetal, which is downward. The
second law gives:

2

\4
Fhete =ma, = T+mg=mz.

Setting 7' = 0 gives the minimum speed at the top, Vi top

2
v .
min,top
0+mg=mT = Vmin,topz\,gl‘

Eneergy is conserved, so we can relate the energy at the bottom to the energy at the top. V%ottom = vtzop +2gh, where the height

differenceish=2L

2 2 [
vmin7b0tt0m = Vmin’top +2 8 h= 8 L+2 8 (2 L) == Vmin,bottom = 5 8 L

Problem F.11

Consider a (frictionless) water slide for children. Ths slide is shown in red with the bottom of the slide being a quarter circle of radius
R. The water line is shown in blue.

i h
A child starts from rest at the height H above the water (the highest point on the red slide.) At some point P the child will leave the
surface. What is the height 4 of that point P above the water.

Solution to F.11

To relate the speed at the highest point to the speed v at some other position use

2 —_ 2 ’
Vbottom = Ytop + 2gh

The height difference between the two positions is A’ = H — h, so the speed at height 4 is:
V= 042g(H-h).

We can find the normal force N as a function of height by resolve forces into the centripetal direction
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A4
Fhete=mac, = mgcos@—N:m;

0 is the angle of the child measured from the top of the circle. cos@=h/R. Since N =0 the child will leave the surface when
N = 0. This gives: gh= v2

Equating the two expressions for V2 gives:

gh= V2= 042g(H-h) — h= %H

Problem F.12

Consider Atwood's machine with a frictionless, light pulley. The smaller mass m is on the floor while the larger mass my is a height
h above the floor.
(a) If it is released from rest, then what is the speed of my when it hits the floor.

(b) After m, hits the floor m is at height 4. It continues upward until it eventually stops. What is the maximum height reached by
my,

Solution to F.12
(a) There is kinetic energy and gravitational potential energy for both masses. The total energy is:

1 1
E= Eml v%+§m2v%+m1gy1 +my g yo.

The two speeds are equal v= v| =v,. Equating the initial and final energies gives and expression for the speed.

2

Ei=Ef = 0+0+0+mpygh= %mlv +%m2v2+m1gh+0

(b) To find the maximum height of m solve for how high it rises after m, hits the ground and the string loses its tension. The
answer to part (a) is the speed of m| when the string loses its tension. Using v%ottom = Vtzop +2gh we get vV=0+2 gh’, where

1’ is the distance above h. The maximum height is & + 4’

my—m 2m
h+h'= h+—2—Lp= 2 p
my+my my+my
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Problem F.13

Mass mq slides on a horizontal table with a coefficient of kinetic friction of u. It is connected to a hanging mass m that is initially at
a height 1. What is the speed of m, when it hts the floor?

Solution to F.13

The speeds of the two masses are the same v| = vy = v, so the total kinetic energy is
1 2,1 2 _1 2
Kiotal = E my vy +5 my vy = E (mq +my)v

Since m| moves horizontally, its potential energy doesn't change; the easiest way to deal with this is to choose y; =0 when mis on
the table and then choose y, differently.

Utotal =m1 8 y1 +mp g y2 =m g y2
The total (mechanical) energy becomes
1
E = Kiotal + Utotal = 2 (my +my) v+ mjygyp.

Friction is the only nonconservative force. The sliding mass moves the same distance as the hanging mass.
Wine=Wp= —frAx=—pmigh

Ej+ Wne=Ef
= 0+m2gh—,ukm1gh:%(m1+m2) vJ2C+0

my—Hy My

il VfZ 2gh
m1+m2

Problem F.14

Given a potential energy as a function of position in two dimensions, is SI units, is :

U(x, y)=4xzy—7y2

(a) What is the force as a function of position?
(b) What is the force at (-2 m, 3 m)?

Solution to F.14

(a) We take partial derivatives of the potential energy to get the force as a function of position

Fr=—"—=-8xy-0)=-8xy

ox

ou 2 2
Fy=——=—-(4x"-14y)=14y-4
=g, =4 —14y) =14y —dx

B F:(—Sxy, 14y—4x2>

®) At (x, y) =(-2m, 3m):
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F = (—48,26)N



