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Example 8:

A force F is applied to m, causing all blocks to
accelerate to the right. Assume that block m; moves
without slipping.

a.) Draw free-body diagrams for all three masses.
b.) Find an expression for the acceleration a.

c.) What is the frictional force acting on m;?

d.) What is the force between blocks m, and m,?
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Example 8b: (a =?)
Fy, F3,2l Fy,
fi “
Fy JF &

S, =ma

(m) F=Fy - fiy=ma  (my) Fip=fi, = fo,, =maa  (m3) fy,, =mza

(1) F-Fyy -y, Fy =ma  (2) Fp -, Fy, - f,, =ma  (3) f;,, =m3a
(14243) F =y, Fy, = g, Fy, = (my +my +m3)a (since Fy=Fpandfy , = fSM)

- F =, Fy, — i, Fy,
my+my+ms

Example 8d : (F,YZ =F= ?)
(1) F=Fyy —y, Fy, =ma  (2) Fp - my, Fy, - f;,, =maa

using (1) Fy 1 = F = iy, Fy, - mja

F -y, (my +my +m3)g
Fyy = F -y, mg—-my| ———————
my +my +my

F(my +m3)

this simplifies to: | F>| =
Tomp+my+my

Example 8a:

F3 Fy
Fy, , l 2
fs
F £ F, 522
=
r [
T, S,
Fgl ng
Example 8b: (a =7?)
EF,V =ma
(my) Fi, = Fg =0 (m3) Fy, = Fy, = F32=0 (m3) Fiy, = Fy, =0
Fy, =Fg =mg FN2 =Fg2+F3,2 FN3 =Fg3=m3g
Fy, =mg Fy, =myg+F3, Py, =Fy3=m38

Fy, =myg+m3g (F3p = Fy3)

Fy, = (my +m3)g

Example 8b: (a=7)

a
my+my+ms

_F-wy, By, - Fy,

ae F—py mg =y (my+m3)g

F— iy, (my +my +m3)g

my +my +ms

my+my +ms

Example 8¢ : ( fos = ?)

.ukz(ml +my +m3)8)

EnZ’—XZ: (3) fsz,s =msa = m3(F_

my+my +ms

Example 8d : (F,YZ =F = ?)

(1) F=Fyy —y, Fy, =ma  (2) Fp - my, Fy, - f;,, =maa

using (2) Fp =y, F, + fs,, +moa

F =y, (my +my +m3)g

Fio =y, (my +my)g +
- ml + m2 + m3

m3(F— Hg, (my +my + m3)8)
+

my+my +ms3

this also simplifies to: | F>; =

F(my +m3)
ml +m2+m3




Example 8d : (FI,Z =F = ?)

(1) F=Fyy ~ y, Fy, =ma  (2) Fp ~w, Fy, ~ f;,, =maa

using (2) Fo =, Fy, + fs,, +ma

’"3(F_!4k2 (my +my +m3)8) F =y, (my +my +m3)g
Flp = g, (mg +m3)g + +my

myp+my+ms mp+my+ms

F =y, (my +my +m3)8)

F|,z=Mk2(m2+m3)g+(mz+m3)( e am
| +my +mj3

—szg)

Fp=(my+ m3)(ﬂk28 S E—
mp + ny + ms

F(my +m3)
Fyj=——"—"—
m1+m2+m3

Example 9a:

my =9kg, u,=0.30,m,=15kg,
6=53.13° f ="

The system is in static equilibrium and
all forces balance.

EF,\- =ma EFy =ma

Ty - =0 Fy, =Fg =0 Fy, =T, =0 T3 -T,=0

M) fi=T, Ey, =Fy =mg (3) T, =Fg, =myg Ty =T3 =Tssin6
T3 -T1=0 (4) T, =Tssind

Ty =T; =Tscos0

m
(from 3) Ty =myg=(15 kg)(lo :2) =I5N
(2) T; =T3cos0 s

(from4) T =.T—2='1A= 18.75N
sin@  sin53.13°

Example 9b:  m; =9 kg, u,=030,m,=15kg, 6=53.13%, f;=?

S F,=ma S F,=ma

Ti-f1=0 Fy —Fg =0 Fo, =T, =0 T3 -T,=0 A
() fi=Ty Fy =Fy=mg  (3) Ty=F, =myg 12773 =T?S'ﬂ3
T3X -T,=0 (4) T, =T3sin0

Ty =T; =Tscos6
(2) Ty =Tscos6

T m
static limit is when T = f; =t Fyy, = pty mig = 0.30(9 kg)(lO :2) =27N

no_ (21N oy

(from 2) T3 =
cosf co0s53.13°

(from 4) T, =T3sin6 = (45 N)sin53.13° =36 N

(so from 3) m2=%= N _

‘ol B

Example 9:

a.) Block 1 has a mass of 9 kg and the coefficient of static
friction between the block and the surface on which it rests is
0.30. Block 2 has a mass of 1.5 kg, and the system is in
static equilibrium. Find the friction force exerted on block 1
if the slanted cord has an angle 0 = 53.13° with respect to the
horizontal.

b.) Find the maximum value of m, for which the system will
remain in equilibrium.
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Example 9a:  m; =9kg, u,=030,m,=15kg, 6=53.13°, f;=?

S F,=ma S F,=ma

Ti-f1=0 Fy —Fg =0 Fo, =T, =0 T3 -T,=0 A
() fi=Ty Fy =Fy=mg  (3) Ty=F, =myg 12773 =T?S'ﬂ3
T3X -T,=0 (4) T, =T5sin0

Ty =T; =Tscos6

(from 3) T, =myg=(1.5 kg)(lO Sﬂz) =15N
(2) Ty =Tscos6

(from4) T3 - BN

= =18.75N
sinf  sin53.13°

(from 2) T} =Tscos6 =(18.75N)cos53.13°=1125 N

(sofrom 1) f; =T, =

(@ (d)

Example 10:

Block m, has a mass of 5.4 kg and block m, has a mass of 2.7 kg.
The coeftficient of kinetic friction between all surfaces is 0.25.
Find the magnitude of the horizontal force F necessary to drag
block m, to the left at constant speed

a.) if m,rests on m; and moves with it (a)

b.) if m, is held at rest (b).
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Example 10a: my =54%kg, my=27kg, u =025
moving with constant speed (a=0), F=?
a.) if m,rests on m, and moves with it (a)

Fy,=F)

ng
SFe=ma (1) F-fi -f,, =0 (2) £, =0
SF,=ma Fy, =Py —F, =0 Fy, —Fg, =0
Fy, =Py +F, Fy, = F,, =myg
Fy =mig+myg Fl,2=FN2=m2g

1

(3) Fy, = (my +my)g

(142) F= i, =0 50 F = fy =y, =y (my +mo)g =

Example 10b: my =54%kg, my=27kg, w =025
moving with constant speed (a=0), F=?
b.) if m,is held at rest (b)

YFo=ma (1) F-fi - fi,, =0

S F, = ma Fy, = Fy-Fy =0
Fy, =Py +F, Fy, = F,, =myg
Fy, =mg+myg Fip=Fy, =mpg
(3) Fy, = (my+my)g (szv, = fklvz)

(using 1) F'= fi, + fi,, = ucFiv, +tFy = i (my +ma)g + wemog =

Example 11: my =2 kg, m, =5 kg, between block 1 and surface p;,, =0.2

a.) Free-body diagrams
Fy=F,

b)a=3 3. F=?

S
EFX=ma (1) f\“ =ma (2) F—fm—sz =mya
SF, =ma Fy, ~Fy = Fy, =Fip=Fg, =0

(3) Fy, =Fg =mg Fy, =mg+myg =(m;+m,)g
(1+2) F-fi, =(m +my)a (f\-z', =f\-|'z)
F=(m +m2)a+fk2 = (my +m2)a+uk2FN2 = (my +m2)a+/uk2(ml +my)g

F=(2kg+5 kg)(S %)m.z(z kg+5 kg)(lo 32)
S S

(®)

Example 10:

Block m, has a mass of 5.4 kg and block m, has a mass of 2.7 kg.
The coeftficient of kinetic friction between all surfaces is 0.25.
Find the magnitude of the horizontal force F necessary to drag
block m, to the left at constant speed

a.) if m,rests on m; and moves with it (a)

b.) if m, is held at rest (b).
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Example 11:
A 2.0 kg block is placed on top of a 5.0 kg block as shown above.
The coefficient of kinetic friction between the 5.0 kg block and

the surface is 0.20. A horizontal force F is applied to the 5.0 kg
block.

a.) Draw a free-body diagram for each block.

b.) Calculate the magnitude of the force necessary to pull both
blocks to the right with an acceleration of 3.0 m/s.

¢.) Find the minimum coefficient of static friction between the
blocks such that the 2.0 kg block does not slip under the
acceleration of 3.0 m/s2.
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Example 11: my =2 kg, m, =5 kg, between block 1 and surface p;,, =0.2

Fy =Fy;




Example 12:

A block m, =2 kg is placed on top of a block m, = 4 kg that is
resting on a frictionless table as shown above. The coefficients
of friction between the blocks are u, = 0.3 and u, =0.2.

a.) What is the maximum force F' that can be applied if the 2 kg
block is not to slide on the 4 kg block?

b.) If F has half this value, find the acceleration of each block
and the force of friction acting on each block.

c.) If F has twice the value found in (a), find the acceleration of
each block.
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Example 12: my =2 kg, my =4 kg, between blocks ug =0.3 and y; =0.2
frictionless table

b.) If F =9 N, find the acceleration of each block and the force of friction
acting on each block.

D F=ma (2) F-fy, =ma
S F,=ma Fy, =Fp-Fg, =0
(3) Fy, =Fg =mg Fy, =mg+myg
F 9N m
142) F= - - 2N _hsm
(1+2) (my +my)a 50 a my+my 2kg+4kg 52

(using 1) fs,, =ma= (2 kg)(] 5 522) =

Example 13:

A 40 kg slab rests on a frictionless floor. A 10 kg block rests on
top of the slab as shown above. The coefficient of static friction
between the block and the slab is 0.60, whereas the kinetic
coefficient is 0.40. The 10 kg block is pulled by a horizontal
force with a magnitude of 100 N. What are the resulting
accelerations of the block and the slab? Repeat if the force has a
magnitude of 40 N.
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(using 2) ap =—2L =——K-1°_ =

Example 12: my =2 kg, my =4 kg, between blocks ug =0.3 and y; =0.2
frictionless table

a.) What is the maximum force F that can be applied if the 2 kg block is
not to slide on the 4 kg block?

EFx =ma
S F,=ma

(2) F_fsm =ma
Fy, ~Fip=Fg, =0
(3) Fy, =Fg =mg Fy, =mg+myg

(at the static limit) fs,, = usFy, =usmg = (03)(2 kg)(lO 5—2) =6N

fs»_u _ 6N m
2 ke 2

-3 (using 2) F=mpa+f,
S :

m
F=(4 kg)(3 S7)+6 N=

(using 1) a= m " 2ke

Example 12: my =2 kg, my =4 kg, between blocks ug =0.3 and y; =0.2
frictionless table
c.) If F=36N, find the acceleration of each block.

Fy=F, 3%
Sy, T,

Fy

2

S F =ma ) fr,, =ma (2) F-fi, =may
EFy=m(l FNl_FE|=O FNZ_FLZ_F2=O
3) Fy, =F, =mg FNZ =mg+myg

fo,  WF
(using 1) @ Tk TN emg

m

m
=8 =(0‘2)(10 Tz)= 2

m m my

»

m
F-fioy  Fopmg N-02)2 kg)(lO :2)

o
mN‘B

my my 4 kg

Example 13:

F
<—‘ m,
frictionless m

my =40 kg, m, =10 kg, between blocks ug = 0.6 and u; = 0.4, frictionless table

By l ]FN' Fn,=Fip
fa1

S ]
s

YF =ma (1) fon=ma (2) F-fia=maay

> Fy,=ma Fy, ~Fy -F51=0 Fy, —Fg, =0
Fy =Fy +F, (3) Fy, =Fy, =myg
FNI =Fg| +ng

Fy, =(my+my)g



Example 13:
my =40 kg, m, =10 kg, between blocks ug; = 0.6 and u; = 0.4, frictionless table

Fz'll ]FN' Fy,=Fp
f21

I m, |

(find the static limit) f, = u,Fy, = uymyg =(06)(10 kg)(lO 22)= 60N
S

when F' =100 N the static limit is exceeded and block m, moves relative to slab m,

therefore, the value of the friction between the blocks is the kinetic value and f , = S,

. . m
fr2 = fi, = MkF, = wempg = (04)(10 kg)(lo 7) =40N
S

: 40N F- -
(1) =220 AN _ym )y Fofia 100N-4ON o m
my 40 kg s my 10 kg s2
Example 14:

A box is held at rest on an incline as shown above.

a.) Find the acceleration of the box if it is allowed to slide
down the incline.

b.)  What force (parallel to the incline) should be applied to
the box if the box is to slide down the incline at a
constant velocity?

c.)  What force (parallel to the incline) should be applied to
the box if the box is to move up the incline with an
acceleration of a?
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Example 14b:  ; _ (sliding down the incline at constant velocity F = ?)

Fy
y
! 4 L
X
Fy
S F=ma S Fy=ma
Fjj-F-fi=0 Fy-F =0

Fosind — F -y Fyy =0 Fy =F, =Fycos0

F = Fysin6 -, Fy Fiy = mgcost

F = mgsin® — umgcos6

Example 13:
my =40 kg, m, =10 kg, between blocks ug; = 0.6 and u; = 0.4, frictionless table

Fz'll ]FN' Fy,=Fp
f21

I m, |

(find the static limit) f, = u,Fy, = uymyg =(06)(10 kg)(lO 22)= 60N
S

F =40 N is below the static limit so blocks m;, and m; move together and a; = a, = a.
S F=ma (1) fo1=ma (2) F-fip=maa

F 40N
142) F-= - - -l08
(142) F=(m+m)a so a= = (40 kg +10 kg)

mw‘ =]

using (1) fp1 =ma=(40 kg)(O.S Ez) =32 N which is less than the static limit
s

Example 14a:
Fy
y
- f
Sliding down the
incline a = ? x
Fy

S F,=ma S Fy =ma

Fy-F =0

Fjy = fi = ma Fo o F < F.cosd
w = F| = Fycos

Fysinb — i Fy = ma Fy = mgcosO

mgsin@ — w;mgcosO = ma

a = gsinf — i gcosd

Example 14c: (sliding up the incline with a an acceleration a, F = ?)

Fy
y
/ . \[
X
Fy
S F=ma SF,=ma
F- Fy-fy=ma Fy-F =0

F — Fysin -y Fy = ma Fy =F, =Fycos0

F = ma+Fysin6 + u; Fy Fy =mgcost

F = ma + mgsin® + u;mgcoso




