m

1.) i
E/ .

e e /'/,‘!-"/"/

The force diagram on m

Newton’s 2™ Law (in direction of a)

=Y F=ma

net
T-f=ma

) T -ugmg=ma

Combining equations (1) and (2)

Mg—ukmg=ma+Ma=a(m+M)

The tension can be obtained from (1) or (2)

Using (1)

T = ma+ wmg = m(a+u,g)=(25 kg)(5.72 s 0.25(9.8 32)) =[204N
S S

Using (2)

T = Mg-Ma=M(g-a)=(50 kg)(9.8 822-5.72 32)= 204N

HO 7 Solutions

m=25kg, M =50kg, u, =025

The force diagram on M

TT

F

8

Newton’s 2™ Law (in direction of a)

net E F ma

F,-T =Ma

2) Mg-T =Ma

o(M - ym) (9.8 :21)(5.0 kg-0.25(2.5 kg))

and a = =

(m+M) (50 kg +2.5kg)

S

572 2
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The force diagram on m,

Fy

m, +—>»

F

8

Newton’s 2™ Law (in direction of a)

F,=YF=ma
(1) T=ma
From (1), a=i=9'0—N=1.8 Ez
m, 50kg s
T
3.
) M M

)

o

o]

The force diagram on M

Fy

F

8

Newton’s 2™ Law (in direction of a)
Fnet = E F =ma
T-f,=Ma

) T -pyMg=Ma

HO 7 Solutions

m; =50kg, T =9.0 N and frictionless surfaces

The force diagram on m,

TT

m,

F

8

Newton’s 2™ Law (in direction of a)
F,=YF=ma
F,-T =mya

2) mg-T =m,a

T 90N

From (2), m,g-m,a=T and m, = =

(8-a) (9.8 218 :j)

N

F=14N, M =10kg, u, =0.30,and u,, =0.20

The force diagram on 3M
T i
fr
«— M —»
T
F

8
Newton’s 2™ Law (in direction of a)
Fnet = E F =ma
F-T - f,, =3Ma

(2) F-T-u,,3Mg=3Ma

1.13 kg




HO 7 Solutions
3) cont’d
Combining (1) and (2)

F —u,,3Mg — u,,Mg =3Ma + Ma = 4Ma

m m
14 N-0.20(3.0kg)[ 9.8 — |-0.30(1.0 kg)[9.8
_F -y, 3Mg -y Mg _ ( g)(g sz) ( g)(g sz)
4M (4.0 kg)

m
=(1.30 —
S2

The tension can be obtained from (1) or (2)

Using (1) T = Ma+ Mg =(10 kg)(l.SO SEZ) +0.30(1.0 kg)(9.8 SEZ) -

4. T,

a=152, M=20kg
S

The force diagram on M The force diagram on 2M The force diagram on 2M
Fy T
1" | L
fy — T
' "
Fg
F
F, 8
Newton’s 2™ Law (in direction of a) Newton’s 2™ Law (in direction of a) Newton’s 2™ Law (in direction of a)
net E F ma net E F ma net E F ma
T,-F,=Ma T,-T, - f,, =2Ma F,-T,=2Ma
(1) T,-Mg=Ma 2 T,-T,-fo =2Ma (3) 2Mg-T,=2Ma
From (1)
m m
T =Ma+Mg=M(a+g)=(20kg)[1.5 —+9.8 —|=[|22.6 N
= Mo+ Mg = M{a+ )= (20 k)15 5498 7| -[26N]
From (3)

T, = 2Mg - 2Ma = 2M (g - a) = 2(2.0 kg)(9.8 532— 15 SEZ) -

From (2)

-T T - - - _ m)_ _ S _ o _ fom
fory =T, =T, -2Ma =332N-226N 2(2.0kg)(1.5 sz)_ S0 py == =g




1 B R R R
) T, T,
60° 45
s
T
B
45 kg

Newton’s 2™ Law (in x-direction)
F,=YF=ma=0
T, +T,, =0

(1) T,cos0, +T,cos8, =0

From equation (1)

T, - —T,cos0),
cos0,
2) ’
35 T, ’
T, > /
0
7
35kg

Using result from problem 1:

substituting in equation (2) (

HO 8 Solutions

F, = mg =(45 kg)(9.8 Sﬂz) = 441N

Newton’s 2™ Law (in y-direction)
F,=>F=ma=0
T, +T,,-F,=0

(2) T,sin6, +Tsinb, = F,

-Tcos0,

sinf, +T;sinf, = F
cos6, ) P e

Tl(sinﬂ1 - cos@ltanﬁz) =F,

- F, ) 441 N
' (sin®, - cosf,tanf,) (sinl120° - cos120°tan45°)
= —(323 N)cos120°
T, - ~1ieost, (323 NJeosI20° e

cosf, cos45°

F,=mg=(35 kg)(9.8 SEZ) =343N

T, =

_ 343N )=

(sinB, - cosBtanB,) (sin145° - cos145°tan0°

T,

or

using (2) 7,sin6, +7sinb, = F, and since 6, =0

using (1) T,cos0, +T,cosf, = 0 and since 6, =0

~T,cosf, —(59.8 N)cos145°
= = =|490N

cos0,

cos0°

T, =-T,cos0,

=|323N

T, = T cos6, = ~(59.8 N)cos145° =[49.0 N|



HO 8 Solutions

3)
m
F,=mg=(65kg) 9.8 7 |=637N
6.5 kg
Using result from problem 1:
F, 63.7N
T, = £ = =|161N
(sinB, - cosB,tanB,) (sin50° - cos50°tan210°)
~T,cos, —(161 N)cos50°
T,=—! L= =[120 N
> cosh, cos210°
4) 26N .
constant velocity so a =0
e,
a.) FN
F
30° f
.................. 35N |je—
FR
b.)
Newton’s 2™ Law (in x-direction)
F,=YF=ma=0
F,- f=0so0 f=F,=Fcosf =(26 N)cos30°=|22.5N
c.) f=uFy
= i _ f _ f : _ 225N : _
Fy F,+F, F,+Fsin0 35N+(26N)sin30°
5) i T,
T, T, =560N a.) From Problem 1
60° 45°
f}"fl-:, (1) T,co0s6, +T,cosH, =0
[
M _ —Tycosf, (560 N)cos45°

"2 cosf, cos120° =

b.) From Problem 1

(2) T,sin0, +Tsinb, = F, = Mg

oy = TosinG, +Tsin6, _ (792 N)sin120° + (560 N)sin45°

-[T10kg
§ (9.8 “;)
S




HO 8 Solutions

200 N
6.)
45k 3 m
g [ 1=030 and F, = mg = (45 kg)(9.8 —2)=441 N
a.) Fy
1
f / .
<« 45kg £33
FR
b.)
Newton’s 2™ Law (in x-direction)
F,=YF=ma
F. - f=ma
_Ff _F-uk, _Fo-ulF-F)
m m m
Fcosf - M(Fg - Fsinf) (200 N)cos53° - 0.30(441 N - (200 N)sin53°)
a= =
m 45 kg
c.) a=1.60 22
S
F. - f=ma
Fcos0 - M(Fg - FsinH) =ma
F(cos@ + ,usinH) - uF, =ma
masgr, (4 kg)(1.60 “21) +030(441 N)
g S
= = =243 N
cos6 + usinf c0s53° +0.30sin53°
m
7) v,=200 —, Ax=120m,and v=0
s
m 2
o 0—(20.0 )
v =v2+2aAx s0 a=—— "o = S —
2Ax 2(120 m) s

Newton’s 2™ Law (in x-direction)

F,,, = F = ma (only force is friction in the direction of a)

a
S =ma so uF,=umg=ma and u=—

m
1.67 —
_( Sz)

o)

)

m
0.80 —
g2




HO 9 Solutions
b.) u=0.20

the force diagram

f=uF, = M(Fgcos0 + F)) = M(Fgcose + FsinH)

Newton’s 2™ Law (along the plane)

F,=YF=ma
Fx _EI _f =ma
F-F-f Fcos6 - F,sin6 - M(Fgcosﬁ +Fsin0)

m m

(40 N)cos30°- (4.0 kg)(9.8 nzl)sin30° - 0.20((4.0 kg)(9.8 nzl)cos30° +(40 N)sin30°
a= ° > {106 2
(40kg) s

c.) w=0.20, a=0 up the incline
Newton’s 2™ Law (along the plane)

F,=>F=ma=0

Fx - EI - f = 0

FcosO - F,sinf - M(Fgcose + Fsin@) =0

Fcos6 — uFsin® - F,sin6 — uF,cost = F(cos@ - ysin@) - F,sinf — uF,cos6 =0

e F.sinf + uF,cos _ mgsinG + umgcosd _ mg(sin6 + ucos6)
cosf — usinf cosf — usinf cosf — usin@

(40 kg)(9.8 nzl)(sin30° +0.20c0530°)
S

F= =| 344N
c0s30° - 0.20sin30°

d.) u=0.20, a=0 down the incline

the force diagram
Newton’s 2™ Law (along the plane)

F,=YF=ma=0
EI - Fx - f = 0
Fsinf - FcosO - M(Fgcose + Fsin@) =0
Fsinf — Fcost — uFsin€ — uF,cos6 = F,sinf - F(cosH + ,usinﬁ) - uF,cos6 =0

Fe nginB - MFgCOSQ _ mgsin@ — ‘umgcose _ mg(sinB - [,LCOSB)
cosO + usin@ cosf + usinf cosf + usin@

(40 kg)(9.8 nzl)(sin30° ~0.20c0530°)

S
F= =[133 N
c0s30° +0.20sin30°




HO 9 Solutions

1)

m=15kg, u=020, v, =0 and Fg=mg=(15kg)(9.8 SEZ)=147N

the force-diagram the components of the weight
FII
F, = F,sinf
. F,  F, =Fcos0=F),

Newton’s 2™ Law (along the plane)
F,=YF=ma

F—f=ma

F, - uF, _ F,8inf — uF,cost _ mgsin® — umgcoso
m m m

F,—uF, =ma so a=

= gsin6 — ugcos6

a = g(sin6 - ucosd) = (9.8 Ez)(sin36.9° -0.20c0s36.9°) = 432 =
S S

since the block is initially at rest and slides a distance of Ax=0.5 m

Ax=%alz+vot=Ax=%azzandt= 20 _ 203 m) =

"l

v = v2 +2aAx = 2aAx and v =2aAx = \/2(4.32 22)(1.0 m) =[2.94 =
S

when Ax=1m

2)
m=4.0kg, F =40 N and frictionless incline

a.)
the force-diagram the components of the weight the components of F
FII
Fy F
F F, = Fsin0 E i':(, ; F, = Fcos0
F i F.F =Fcos0=F, R F, = Fsin®
Fg
Newton’s 2™ Law (along the plane) Newton’s 2™ Law (perpendicular to the plane)
Fnet=EF=ma FN_FJ‘__F;'=O
F.-F =ma Fy =F+F,
m
. 40 N)cos30° - (4.0 kg)[ 9.8 — [sin30°
and o P B _ Feost) - Fsinf  Fcosf - mgsinf ( ) ( g)( sz)

m
=376 —
m m m (40 kg) s’




Newton’s 2™ Law (along the plane)
F,=YF=ma=0

F-K

I -T =m,a

F—-F, sin0-T =m,a

(1) F-m,gsind-T =m,a

HO 9 Solutions

F=50N, m =30kg, m, =4.0kg and frictionless

force-diagram on m,

FNI

Fo

8

the components of weight
FII
F, = F,sinf
F,

: F, F, =Fycos0=F),
0

Newton’s 2™ Law (along the plane)

F,=>F=ma=0

T-F

= ma

T -F, sin =ma

(2) T -mgsin@ =ma

Combining equations (1) and (2)

F —m,gsin0 — m,gsin0 = m,a + m,a

F- gsin@(m1 + mz) = (m1 + mz)a

a

_ F—gsinO(m, +m,)

(m, +m,)

50 N - (9.8 Hzl)sin35°(3.0 kg +4.0 k)
S

a=

Using equation (2)

(3.0kg+4.0kg)

=152

m
2
S

T =ma+m,gsin0 = ml(a + gsinH)

m m). ..
T=(30 kg)((l.SZ s—2)+(9.8 S—2)51n35 )= 214N

Using equation (1)

T =F —m,gsinf —m,a = F—mz(gsinﬁ +a)

T =50N-(40 kg)((9.8 sﬂz)sin35° + (1.52 sﬂz)) -

214N




HO 9 Solutions

4)
m, =8.0kg, m,=100kg,and u=0.20
a.)
force-diagram for m, force-diagram for m,
F r
R
Fp
Newton’s 2™ Law (along the plane) Newton’s 2™ Law Newton’s 2™ Law (going downward)
(perpendicular to the plane)
F,=YF=ma Fy-F-F =0 F,=YF=ma
T_Fnl_fl=mla FNI=I*1+F), ng—T=m2a
T -F, —uFy, =ma (2) myg-T =m,a

T - F,sinf — uF, cosd = ma
T — m,gsin0 — um,gcosO = ma
(1 T- mlg(sine + ycos@) =ma
Combining equations (1) and (2)
m,g — mlg(sinH + ,ucose) =m,a+m,a

g(m2 -m, (sinH + ,ucosE))) = (m, + mz)a

m . o o
N g{ms — m(sin6 + pcos) ) (9.8 Sz)(lo.o kg - (8.0 kg)(sin25° +0.20c0s25°)) i
(m, +m,) (8.0 kg+10.0 kg) s

Using equation (2)

T = m,g - mya = m,(g-a)=(10.0 kg)(9.8 SEZ_ 281 SEZ) ~[696N ]

b.) static case u, =0.35, a =0 up the incline
For block m, For block m,
Hh T —mlg(sin6+,uscost9)=0 2) mg-T=0

m, g(sin6 + i cosB)
8

combining (1) and (2) m,g - mlg(sinH + uscose) =0so m,= =m,(sin6 + ,uscose)

m, = (8.0 kg)(sin25° + 0.35¢0s25°) =



HO 9 Solutions

F
5) oM M

v

M=10kg, F= 10N, u,, =020, u, =030

T

force-diagram for 2M force-diagram for M
Fy T Fy
fou T <—T M F
«— 2M |—> >
fu
FR
FR
Newton’s 2" Law (in x-direction ) Newton’s 2™ Law (in x-direction )
F,=YF=ma F,=YF=ma
T - fo =2Ma F-T-f,=Ma
T - u,, Fy =2Ma F-T-u,F,=Ma
(1) T-u,,2Mg=2Ma 2) F-T-u,Mg=Ma

combining (1) and (2)

F—-u,Mg-u,,2Mg=Ma+2Ma =3Ma

10N -0.30(1.0 kg)(9.8 :2‘) -2(0.20)(1.0 kg)(9.8 :2‘)

a2 F-BuMg—=2u0,,Mg _ _105 22
3M 3(1.0 kg) s

using (1)

T = 2Ma +2u,, Mg = 2(1.0 kg)(l 05 Sﬂz) +2(0.20)(1.0 kg)(9.8 Sﬂz) -[60N]]

or solving directly for T’
from (1)

g L= Moy 2Mg
2M

T - u,y, 2Mg

into2) F-T -u, Mg=M
(@) Mg ( M

) =0.5T - u,,, Mg

15T = F = ) Mg + pt,, Mg = F = Mg(uy, = )

_F-Mg(py ~ o)
15

T

1I0N-(1.0 kg)(9.8 “21)(0.30 -0.20)

1.5s =

T =




HO 9 Solutions

6) F
— 3 M

M=10kg, F= 12N, f,, =20N, f,, =40N

ffffffffffffffffffffffffffffff

force-diagram on 2M force-diagram on 3M
F
Fy N
F , fou f
— 3M
—
2M F—> IM —
F3M.2M 2M 3M
F, F,
Newton’s 2™ Law (in x-direction ) Newton’s 2™ Law (in x-direction )
F,=YF=ma F,=YF=ma
(D) F = fo = Fyyon =2Ma (@) Fopsm — fsu =3Ma

F;y oy and F,, 5, are third law pairs (F3M,2M =—F2M73M) 8O Fypon = Fopram

so when combining (1) and (2)

F = for = for = 2Ma +3Ma = 5Ma and a = F=fou=fow 12N-20N-40N_,, =

5M 5(1.0 kg) s

Fypy sy = 3Ma+ fyy, = 3(10 kg)(l 2 SEZ)+ 40N=[76N]

using (2)

7)) F
M ——>

F= 12N, M =10 kg and bottom surface is frictionless
3M

FIIT,

e e
e

force-diagram on 2M force-diagram on 3M
FN=F3M,2M F2M,3M l Fy
F ) fom
«— M M
fou
F, F
Newton’s 2™ Law (in x-direction ) Newton’s 2" Law (in x-direction )
F,=YF=ma F,=YF=ma
(1) F-f,, =2Ma (2) fou =3Ma

Jou - sz) 2fou 5/, 3 3
from (2) a =222 into (1) F - =2M| 22 = M g F= Z22M gpd ==F==(12N)=|0.72N
(2) a 3 (D Som M 3 SO 3 and f,), 5 5( ) -



HO 9 Solutions

8) v, =142 v=0,pu =025
s
the crates are being pulled along by the static friction between the crates and the railroad flatcar
Newton’s 2™ Law (in x-direction)

f,=ma or umg=ma so a=Ug= 0.25(9.8 22) =245 22 (static limit)
S S

. . . m .
since the flatcar is slowing down a = -2.45 — and for constant acceleration v =vl+2ahx
s

m
., 0-(14 =2

)2
soAx=~—Yo _ 5 )=40m

2a 2(-2.45 =

S

9.) inclined plane when 6 = 30° the static friction limit is reached and a =0
only forces acting on the block in the direction of motion are friction and the parallel component of its weight
Newton’s 2™ Law (down the plane)
Fnet = E F =ma
) F sinf
Fy-f,=0and F, - uF, =0or Fsinb - u F,cos0 =0 and u = Fg i tanf = tan308
- COS
10.)

m=3.00kg, u, =0.250, static case a =0

Case 1: The block just begins to slide downward.

Case 2: The block just begins to slide upward.

Case 1:

the components of F

F j] F, =FcosO =F),
FV
0 )
F, = Fsinf

force-diagram (in y-direction)

Newton’s 2™ Law (in y-direction)
F,=>F=ma=0
F+f-F,=0

F,+uFy -F,=0so Fsinf + u Fcos® - mg = F(sinH + ,uscosﬁ) -mg=0



(3.00 kg)(9.8 “2‘)
F=-—"8 - — S/ __317N
HO98s1utiensd  (sin50°+0.250c0s50°)

10.) cont’d

Case 2:

force-diagram (in y-direction) the components of F

Z'J
Fv
0 3

x

F, =FcosO =F),

F, = Fsin0

Newton’s 2™ Law (in y-direction)
F,=>F=ma=0
F,-f-F,=0

F,—uFy -F,=0so Fsinf - u Fcos® —mg = F(sin@ - ,uscosB) -mg=0

(3.00 kg)(9.8 “2‘)
Fo mg S /__486N

" sinf— u.cosd  (sin50° - 0.250c0s50°)

therefore to keep the block from sliding upward or downward |3 1.7N<F <486N |

11)

m, =040 kg, m, =0.60 kg pulley has negligible mass and friction

a.)
force-diagram on m, force-diagram on m,
T T
« t [
Fg] F

Newton’s 2™ Law (in +y-direction)

F,=YF=ma
(1) T—FM =ma

Combining (1) and (2)

g2
Newton’s 2™ Law (in -y-direction)

Fnet =EF =ma
) ng -T =m,a

F,-F, =ma+m,a= (m1 +m2)a
m,g—mg =(m1 +m2)a

g(m2 - ml) = (m1 + mz)a

m
9.8 = [(0.600 kg — 0.400 k;
g(mz_ml) ( Sz)( £ g)

a= - —|196 2
(m, +m,) (0.400 kg +0.600 kg) s

b.)



using (1) T =ma+F, =ma+mg= m,(a+g) = (0.400 kg)(9.8 SEZ+1.96 SEZ)= 470N
HO 9 Solutions

12.) onEarth F, =49 N and F,=mg=m=—=—-=50Kkg

on the Moon Fg =8.10N and a=0.50 Ez
S
Fy

« 1
Fy-F,=maso Fy=ma+F,
F

‘ Fy=(50 kg)(O.SO 22)+8.10N=
S

Newton’s 2™ Law (in +y-direction) F,_ = S F=ma

net

13) u,=024,v =0
the box is being pulled along by the static friction between the box and the truck

Newton’s 2™ Law (in x-direction)

f,=ma or umg=ma so a=Ug= 0.24(9.8 SEZ) =2.352 522 (static limit)
after r=30s

av=tarsvp=Lar <1235 2|305) =[106m
2 27 2 s

14.) m=8.0 kg in an elevator accelerating downward a =1.3 Ez
S

Fy
Newton’s 2™ Law (in -y-direction) F,, = F = ma
“|
F,-Fy=maso Fy=F,-ma
F

FN=mg—ma=m(g—a)

Fy =(80 kg)(9.8 822-1.3 SEZ)=

15.)
m

m=60kg, a=1.8 — upward
S

Newton’s 2™ Law (in +y-direction) F,, =3 F =ma

T—Fg=ma
T=ma+Fg

T=ma+mg=m(a+g)

T =(60 kg)(9.8 SEZ+1.8 SEZ)=



HO 9 Solutions

16.) Fy F,
F, =80N
m, =5.0kg m
a m 1 a 2
I X 3
a=1.0 -
FZI Fgl N FgZ
Newton’s 2™ Law (in -y-direction) Newton’s 2™ Law (in -y-direction)
F,=YF=ma F,=YF=ma
(1) F,+F, -Fy =ma (2 F,-F,=ma

F,, and F,, are third law pairs (Fn = —F,z) so I, =F,

so when combining (1) and (2)
Fy-Fy +F, =ma+m,a or mg-Fy +m,g=ma+m,a

mg—-ma-Fy =m,a—-m,g

ml(g—a)—FN1 =my(a-g)
) SON-(50 kg)(9.8 2-10 “2)
S

ml(g_a)_FNl FNl_ml(g_a S
m, = = = =|4.1k
877103

17.)
v,=0, Ax=60m after r=2.0s

only forces acting on the block in the direction of motion are friction and the parallel component of its weight
Newton’s 2™ Law (down the plane)
F,=YF=ma
Fy—f=ma so F, - wF, =ma or Fsin0 - u,F,cos6 = ma
mgsinf — u,mgcosO = ma

gsinf — u,gcosl = a

- (9.8 r‘;‘)511127‘)-3.0 n
_gsinf-a _ S S 0T

geosf (9.8 nzl)cos27°
s




HO 9 Solutions

18.)

F

F=100N, u,=040,and M =1.0kg
— M 2M

A s e
B o et

a.)

force-diagram for M force-diagram for 2M the components of F
F
Fy T N
f F
M
) F F =F
F , fu “— Ly / ‘ F, ¢ = Feos6
— > M il —> .
«— F F F, = Fsinf
Foym MM *
F, Fe
Newton’s 2" Law (in the x-direction) Newton’s 2" Law (in the x-direction)
F,=YF=ma F,=YF=ma
F—fu=Fyy=Ma Fo = fou + Fy o =2Ma
F—wFy—=Fyy=Ma Fo—wFy +Fy oy =2Ma
1) F-uwMg-F,, , =Ma Fx_nuk(Fg_Fy)-I-FM,ZM:ZMa

(2) FcosO - u,(2Mg - Fsin@) +F,, ,,, = 2Ma

F,y 4 and Fy, ), are third law pairs (FZM,M =—FM2M) $O0 Fyop i =Fyom
so combining (1) and (2)

F + FcosO - u Mg - uk(ZMg - Fsin@) =Ma +2Ma = 3Ma

F + Fcos6 — u Mg - u,(2Mg - Fsin®) ~ F(1+ cos6) - u,(3Mg - Fsin6)
a=

M 3M

(10 N)(1+ cos50°) - 0.40(3(1 0 kg)(9.8 :2) -(10 N)sinSO")

3(1.0kg)

a=

m
=258 —
SZ

b.)
using (1) Foym=F-uMg—-Ma

Fyyy = 10N =0.40(1.0 kg)(9.8 SEZ) (10 kg)(2.58 Sﬂz) [35N]



HO 10 Solutions

1.)
a=60 22 to the right
S
force-dia%ram components of F
F | . F, = Fcos0
! F, = Fsin6
FX
Newton’s 2" Law (in the x-direction)
F,=YF=ma
F. - f=ma so F.—-uF, =ma and F, —M(E‘,—Eg)=ma
FcosO - M(Fsin@ - mg) =ma
(85 N)cos55° - (4.0 kg)| 6.0 =
H_Fcos@—ma_ ") _[081
Fsinb=mg (g5 N)sin55°- (4.0 kg)(9.8 :j)
2.)
My = v,=40m/s M,=050kg, My=30kg
M; | u, =0.20 (between block and slab)

O e :
A T no friction between slab and horizontal surface

a.) Block Slab
Fy,
p
FSB
—
ag
b.) Newton’s 2™ Law (in the +x-direction) Newton’s 2™ Law (in the +x-direction)
F,=YF=ma F,=YF=ma
—f =Mja, f=M;a
a0 ==L T Fny oy, oot by HiFy
’ MB MB MB : MS MS MS
y . 020050 kg)(9.8 HZ‘)
ay=—tuTB8 _ oo —0.20(9.8 22) —-196 2 ay =288 _ S/lo0327 2
M, s s M (3.0kg) s

the velocities as a function of time are



Vg =dazt+vy and Vs =agt+v, =agt
HO 10 Solutions

2) b)) cont’d
the time when the velocities are the same is when v, = v, so

; 40 2
agt+vy =agt so vy =(ag—a,)t and t=—"—= 5 =1.749s
s~ 0327 “2—(-1.96 m)

s

w2
[S]

the velocity is therefore v = agt = (0.327 22)(1.749 5)=[0.57 =
S S

c)  Ax =%at2 +v,t 30 Axg = %asﬂ = %(0.327 22)(1.749 s)"=[0.50 m
S

3) £ ol fe—— ——»

M = = =
T T m= 200 kg, M =8.00 kg, u, =0.30 (b.etw.een blocks)
: (a) no friction between M and surface on which it rests

| v, =v, =0
| F m M
! e
—>
®)
a.) force-diagram for m force-diagram for M
F, Nag
1™
f ) F f
“«— m —> w ,
l .l
8m &m l FgM
Newton’s 2™ Law (in the +x-direction) Newton’s 2™ Law (in the +x-direction)
F,=YF=ma F,=YF=ma
F—f=ma, f=Ma,
F-wFy =ma, wFy, =Ma,
F - ugmg = ma, umg = Ma,
10 N-0.30(2.00 kg){ 9.8 5 0.30(2.00 kg)[9.8 3
F—-u,mg S m m
a, = = =206 — a, = =0.735 —
m (2.00 kg) s (8.00 kg) s

Let Ax,, equal the displacement of the 8.00 kg block and

1 1
) Ax,, = Eaztz +V,, 1= Eaztz

The block displacement of the 2.00 kg block is Ax, = Ax,, + L



2

B 1, 1, 1
Axm—AxM+L—§alt +v0mt—§apfoslcbsoﬁ12t)lonsAxM—Ealt -L

3) a.) continued

equating (1) and (2)

laztz=laltz—L:>L=lalt2—lazt2
2 2 27" T2
LMo atana 1 [ 2L | 20mp
2 (¢ -a) (2.06 20735 “2)
S S

b)
Ax,, = %aztz - %(0.735 32)(2.13 s)’=[167m
S

4)

F, =270N, F,; =540 N, u, =0.25 for all surfaces

T, constantspeed so 4= 0
force-diagram on A force-diagram on B
FNB

fa
<+ F
T<«— B |—»
<—
' l
FB’A EQ’B
Newton’s 2" Law (in the -x-direction) Newton’s 2™ Law (in the +x-direction)
F,=YF=ma=0 F,=YF=ma=0
T-f,=0 F-T-f,-fz=0
T-wFy, =0 F-T-wFy, —wFy, =0
(1) T-ukF, =0 @) F-T-wF, -w(F, +F,)=0

combining (1) and (2)

F-3uF, —wF, =0

8B

F=3wF, +wr,

8B

=3(0.25)(2.70 N) +0.25(5.40 N) =



5.)
P
a.)
force-diagram on m,
b.)

Newton’s 2" Law (in the -x-direction)
F,=YF=ma
T, - f,=ma
T - wFy =ma
T, -uwF, =ma

I T -wmg=ma

combining (1), (2), and (3)

(o) 1,

my

Newton’s 2™ Law (in the +x-direction)

(©))

HO 10 Solutions

m, = 2kg, m,=3kg, my= 10kg, u, = 0.30 between blocks

the table surface is frictionless

force-diagram on m,

F

N2

F,=YF=ma
T,-T, - f, =mya
T,-T - wFy =mya
T,-T, - wF, =mya

T,-T - umg=m,a

my »

myg — 2U,m, g = m,a + m,a + m,a = (m1 +m, + m3)a

-2
4o 8= 2mme

(10 kg)(9.8 :2) -2(0.30)(2 kg)(9.8 .

my+m, +m;

using (1)

T, = ma+umg = (2 kg)(5.75 SEZ)+ (0.30)(2 kg)(9.8 SEZ)

using (3)

2kg+3kg+10 kg

force-diagram on m;
T,

Newton’s 2™ Law (in the -y-direction)
Fnet = E F =ma
F,-T,=mya

3) myg-T,=mya

m

=575 5

S

T,=myg-mya= m3(g—a) = (10 kg)(9.8 522— 575 SEZ)=



