Section 2.4: Forces of Friction

Mini Investigation: Light from Friction, page 86

A. When we crushed the mints, the candy briefly gave off light.

B. The crystals of sugar in the mints rubbed together to create the friction that produces the light.

Tutorial 1 Practice, page 89
1. (a) An FBD of the top book during its acceleration is shown below.

y
A F”
—.—E_ X
Fy
wﬁq

(b) The force of static friction causes the top book to accelerate horizontally.
2. Given: a=2.7 m/s’
Required:
Analysis: Fs = ,uSF“N; XF = mi
Solution: Equation for y-components of the force:
TF =0N
F,—mg=0N
F =mg
Equation for x-components of the force:
ZFX =ma
13S =ma
,LLSFN =ma

U g = pia
nus =

g
27 s
9.8 pars?
u,=0.28
Statement: The smallest coefficient of static friction between dinner plates that will prevent
slippage is 0.28.
3. Given: FT =28 N [forward 29° up]; y, =0.45; 1, =0.45; SF=0N
Required: m
Analysis: XF = ma
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Solution: Equation for y-components of the force:
ZF =0N
FN+F‘Tsin9—mg=0N
FN =mg— FT sinf (Equation 1)
Equation for x-components of the force:
5F. = mi
FT cosf — FS =ma
FT cosf — ,LLSFN =ma (Equation 2)
Substitute Equation (1) into Equation (2) and solve for m:
F .cosO—u F, =0N
F“T cos6 — (mg— FT sin0) =0N
FT (cosO+ u sinB) = U mg
B FT (cosO + u sinB)
" K8
_ (28 N)(c0s29°+0.4551n29°)
B 0.45(9.8 m/s?)
m=6.9 kg
Statement: The smallest possible mass for the box is 6.9 kg.
4. Given: 6 =6.0°;v, =12 m/s [down slope]; v, =0 nvs; g, =0.14
Required: Ad
Analysis: F = ma ; v, =v’ +2aAd

Solution: Equation for y-components of the force:

IF =0N
F,—mgcos6=0N
F’N = mgcosf

Equation for x-components gf the force:
XF, = ma,
mgsin@ — FK =md,
mgsin® — g cos6 = ma,_
a = g(sin@—u, cos0)
= (9.8 m/s”)(sin6.0° — 0.14c0s 6.0°)
a_=-0.3401 m/s” (two extra digits carried)
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Solve for the distance travelled:
vlf = vi2 +2a Ad
Ad =20
2a,
_ (0 m/s)’ —(12 m/s)’
2(-0.3401 m/s*)
Ad =2.1x10 m
Statement: The sled will slide for 2.1 x 10? m before coming to rest.
5. Given: m =39 kg; direction of rope [forward 21° up]; g, =0.23; TF=0N

Required: FT
Analysis: ZF =0 N
Solution: Equation for y-components of the force:
IF =0N
FN+FTy—mg:0N
FN =mg— FT sin@
Equation for x-components of the force:
SF =0N
F. . —-F =0N
F.cos@—u F,=0N
F.cos@—u, (mg—F sind)=0N
F, (cosO+pu, sin@) =, mg

Fv _ :LLng
T - .
cosO+ U, sin@
~(0.23)(39 kg)(9.8 m/s’)
c0s21°+0.23sin21°
F.=87TN

Statement: A tension of 87 N in the rope is needed to keep the box moving at a constant velocity.
6. (a) Given: m, =24 kg;m, =14 kg; u, =0.32; F =1.8x10° N [forward 25° up]
Required: a

Analysis: Zﬁy =0N; XF =ma

1
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Solution: Equation for y-components of the force:
XF =0N
y
FN1+Fay—mlg=0N
F,=mg—F sin6
= (24 kg)(9.8 m/s*)— (180 N)sin25°
ﬁm =159.1 N (two extra digits carried)

Fo, =k
=0.25(159.1 N)

F,,=39.78 N (two extra digits carried)
Equation for x-components of the force:
XF =ma
Iix - Fm - FT =ma (Equation 1)
Equation for y-components of the force:

IF =0N
13N2 -mg=0N

FNZ =mg
= (14 kg)(9.8 m/s*)

FNZ =137.2 N (two extra digits carried)

_’K2 = ‘uKFNZ
=0.25(137.2 N)

F,=343N

Equation for x-components of the force:
XF =m,a

F.—F_ =m,a (Equation 2)
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Add equations (1) and (2) to eliminate the tension of the rope. Solve for a.

(F,— F,)+(F, - F,— F,)=ma+mya
F -F —-F,=(m+m,)a
a= Fax_FKl_FKZ
m +m,
~ (180 N)cos25°—39.78 N—-34.3 N
38 kg
=1.797 m/s*(two extra digits carried)

a=1.8m/s’
Statement: The acceleration of the boxes is 1.8 m/s’.

(b) Given: m, =14 kg;; u, =0.32; ]i =1.8x10* N [forward 25° up]
Required: FT

Analysis: F. - F_,=m,a
Solution: FT - Fm =m,a
FT :‘LLKFN2+m2a
=0.25(137.2)+ (14 kg)(1.797 m/s*)
F.=59N

Statement: The tension in the rope is 59 N.
7. Given: 1, =0.20; 14, =0.25;m =100.0 kg
Required: a
Analysis: ZF =0 N ; ZF“X =md,
Solution: For the y-components of the force:
IF =0N
FN —-mg=0N
F’N =mg
=(100.0 kg)(9.8 m/s*)
F, =980 N
For the x-components of the force:
EF =N
F-F,=0N

=k

= ‘usﬁN
=0.25(980 N)
F =245N

S
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Once the refrigerator is moving, an applied for 245 N produces acceleration, a:

ZF; =ma
Fa — FK =ma
G= F; _‘UKFN
m
_ 245N -0.20(980 N)
100.0 kg
d=0.49 m/s’

Statement: The acceleration when you apply minimum force needed to move the refrigerator
is 0.49 m/s”.
8. Given: 1, =0.25;m=110 kg

Required: F;
Analysis: Fs = ,uSF“N; SF=0N
Solution: For the y-components of the force:

TF =0N
ﬁN—mg=ON
13N=mg

= (110 kg)(9.8 m/s*)
FN =1078 N (two extra digits carried)
For the x-components of the force:

XF =0N
F~F=0N
F=F
—uF,
=0.25(1078 N)
F =27x10* N

Statement: The minimum force required to just set the stage prop into motion is 2.7 x 10> N.
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Section 2.4 Questions, page 90
1. Given: v, =20 m/s; v, =0 m/s; Ad =40 m

Required: coefficient of friction between the tires and the road, 1,
Analysis: v, =v” +2aAd;  F = md_. Choose forward as positive.

Solution: Find the acceleration a:
vlf = vi2 +2adAd
v
2Ad
(20 m/s)’
" 2(40 m)
a=-5.0 m/s’
Calculate g, :

i=-

Zﬁxzm?z
—Fszd
Mg = M
a

Hy =——

g
5.0 s
9.8 mfs’
u, =0.5
Statement: The coefficient of friction between the tires and the road is 0.5.
2. Given: v, =50.0 m/s; Ar=10.0 s; 1, =0.030

Required: v,
Analysis: le“x = ma . Choose forward as positive.
Solution: Find the acceleration a:

ZF; =ma
—FK =ma
—uuﬁg =
a=-g
=-0.030(9.8 m/s?)

d=-0.294 m/s* (one extra digit carried)
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Calculate v, :

v, =V, +alt
=50.0 m/s+(—0.294 m/s*)(10.0 s)
v, =47 m/s

Statement: The speed of the puck after 10.0 s is 47 m/s.

3. (a) Given: m=2.0x10” kg; F, =3.5x10° N
Required:

Analysis: ZF =0 N ; Fs = ,uSF“N

Solution: For the y-components of the force:

TF =0N
ﬁN -mg=0N
F =mg
For the x-components of the force:
SF,=0N
F-F=0N
F=F,
My _>N = ﬁ;
F,
Hg = mg
B 350 X
(200 K€)9.8 /S’
u,=0.18

Statement: The coefficient of static friction between the floor and the sofa is 0.18.
(b) Given: m=2.0x10" kg; F, =3.5x10* N;v. =0 m/s;v, =2.0 m/s;At=5.0 s

Required: u,

Analysis: XF = ma
Solution: Find the acceleration, a :

. Av
a=—
At
_2.0m/s
50s
d=0.40 m/s*
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Using the x-components of the force:

ZFX:mZI
F;—Fsz&
-
wF =F -ma
F;—mfz
Hy = mg

350 N—(200 kg€)(0.40 mfs”)
(200 k§)(9.8 mfs’)

u,=0.14
Statement: The coefficient of kinetic friction between the sofa and the floor is 0.14.
4. (a) Given: 1, =0.29
Required: 0
Analysis: ZF =0 N
Solution: For the y-components of the force:
IF =0N

F,—mgcos6=0N

FN = mgcos6
For the X-components of the force:
XF =0N
mgsin@ — 17“S =0N
mgsinf = uSFN

pqésin@ = ,uquécosQ

tan6 = 1
0 =tan"'(0.29)
0=16°

Statement: The crate just begins to slip when the angle of inclination, 8, is 16°.
(b) Given: 1, =0.26,60=16.17°

Required: a

Analysis: le“x =ma
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Solution: ZFX =ma
mgsin@ — FK =ma
mgsin® — g cosO = mad
a=g(sinf—u, cosb)
=(9.8 m/s”)(sin16.17°—0.26c0s16.17°)
d=0.28 m/s*
Statement: The crate accelerates at 0.28 m/s® [down the incline] when the coefficient of kinetic
friction is 0.26.
5. (a) Two situations in which friction is helpful for an object moving on a horizontal surface are
when running, so you can push yourself forward, and when walking on a snowy field so you can
use traction from the snow to move yourself forward.
(b) Two situations in which it would be ideal if there were no friction when an object moves
across a horizontal surface are: shooting the puck across the ice when playing hockey; and when
trying to move a sled over a snowy sidewalk.
6. (a) Given: m =45 kg, m, =12 kg; 4, =0.45; 1, =0.35
Required: F, < uF
Analysis: To determine if this system is in static equilibrium, you need to determine the
magnitude of the static friction, F5, for mass m, and compare it to the tension in the string, F’g , » for

mass m, .

Find Fg for massm, .

Fs = ‘uSFN
=H;mg
=0.45(45 kg)(9.8 m/s?)
F,=200N
Find F’g , for massm,.
F:gZ =mg
= (12 kg)(9.8 m/s”)
F,=120N

Statement: Yes, the system is in static equilibrium. The tension in the string for mass m, is not
sufficient to break the force of static friction for mass m, , so there is no acceleration.

(b) Given: F, =120 N

Required: FT

Analysis: As long as the two masses remain at rest, the tension in the string is equal to the force
of gravity on mass m, , FT = ng =mg.
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Solution: FT = lz )

F.=120N
Statement: The tension in the string is 120 N.
(c) Given: m, =45 kg; m, =32 kg; t, =0.35
Required: a
Analysis: XF = ma

Solution: Find FT for massm, .

ZF; = mlﬁ
F'T — FK = mlﬁ

—

F.—umg=ma

Find FT for mass m, .
SF
y

QU

QY

m2
2

i

m,g —
Solve for a :
(FT —,LLKmlg)+(m2g— FT) =ma+ma

(my — ptem,)g = (m, +m, )i

5o (m —pem)g
I’I’l1 + m2
(32 kg —0.35(45 kg))(9.8 m/s*)
- 77 ke
i=2.1m/s

Statement: The acceleration of the system is 2.1 m/s’, eliminating the string tension.
7. (a) Given: @ =42°
Required:

Analysis: ZF =0 N
Solution: For the y-components of the force:
IF =0N

F,—mgcos6=0N
F, =mgcosO
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For the x-components of the force:
SF =0N
mgsinf — FS =0N
mgsing = ,uSFN

o sinf = U mg cosO
o sn=

tan 6 =
U, = tan42°
u,=0.90

Statement: The coefficient of static friction i1s 0.90.
(b) Given: 8 =35°
Required:

Analysis: XF =0 N
Solution: XF =0N
mgsinf — FK =0N

p@sin@ = ,LLKpécose

U, =tan6
=tan35°
u, =0.70

Statement: The coefficient of kinetic friction is 0.70.
8. Given: m =8.0kg;m,=12kg;6 =26°,68,=39°; i, =0.21

Required: a
Analysis: XF = ma
Solution:
For the y-components of the force (mass m;):
IF =0N
F“Nl —mgcos6 =0N
Fm =m,gcos0,

For the y-components of the force (mass m>):
IF =0N

F,—m,gcosf,=0N
E

o =m,gcosb,
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For the x-components of the force (mass m):
ZFX =md
F.—mgsin® — F, =ma

F,.—mgsin® —u mgcos6 =ma

FT —49.17 N = ma (two extra digits carried)

For the x-components of the force (mass m;):

m,gsin®, — i, m,gcosh, — F} =m,d

54.82 N — FT = m,d (two extra digits carried)
Add the final equations for mass m; and mass m; to eliminate the string tension.

(F,—49.17 N)+(54.82 N— F.) = (m, + m,)d
54.82 N—49.17 N

a=

i=028 m/s’
Statement: The acceleration of the two masses (as a system) is 0.28 m/s” [clockwise].
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