HO 11 Solutions

d
_.>
1) F f
. o m | .
e m=25kg, d=60m, u=0.30, constant velocity so a=0 and AK =0
R,
a.) Newton’s 2" Law (in the x-direction)

F,=>F=ma=0

F-f=0 so F=f=uFy=wF,=umg=030(25 kg)(9.8 SEZ) -

b.) W, = F-d = Fdcos = (73.5 N)(6.0 m)cos0 =

c.) W, =F-d = fdcos6 =(73.5 N)(6.0 m)cos180° =

f o d
d.) W, = F-d= Fydcos = F,dcosO = mgdcost = (25 kg)(9.8 22)(6.0 m)cos90° =|E|
s
e) W, =W +W, =(4411)+(-4417)=[0 ]

also since by Work-Energy Theorem W, = AK = IEI

2) F
m=25kg, 8 =30° components of F E
A F,
s
a.) constant velocity so a =0 Newton’s 2" Law (in the x-direction)

F,=YF=ma=0and F,- f=0
Fx =f= AukFN =Mk<Fg+Ev)= Mk(mg+FSin9)
F, = Fcos0 = uk(Fg +F}) = Mk(mg+Fsin9) = u,mg + u, Fsin@

FcosO — u, Fsinf = u,mg so F(cos@ - Mksin@) = u,mg

0.30(25 kg)(9.8 H;)
F = Aukmg — S
cosf — u,sinf@  c0s30° - 0.30sin30°

- [2&Y]

] W, = F -d = Fdcos = (102.65 N)(6.0 m)cos30° =
c)

W, =F-d = fdcos6 = u,(mg + Fsin0)dcos0 = 0.30((25 kg)(9.8 SEZ)+ (102.65 N)sin30°)(6.0 m)cos180° =

also since constant velocity W, =W, +W, =0 and W, =-W, = |-533]J



HO 11 Solutions

?ﬁ T=l60N,9=15.0°,and d=250m
T

W, = F -d =Tdcos6 = (160 N)(250 m)cos15.0° =

4) v,=0,v=360 =, and m=0.145kg
s
Using Work-Energy Theorem

1 1 1 m)’
W= AK = my?=—mv]=—(0.145 kg)(36.0 ?) ~0=[947]

5) —
> " m=600kg, v,=40 m ,d=40m, F=10.0N and frictionless
s

o
B

Using Work-Energy Theorem
1

w =AK=§mv2—%mv§ and W, = F -d = Fdcosf

. \/ZWF 2 o \/2chos9 v 2(10.0 N)(4.0 m)cos0 +(4'0 2)2 fsom
m m (6.00 kg) ]

d
6) ——
" —900ke, v =40 ™ v—260 ™ 4=300m and frictionl
ff{'/l’.—ffff Jfff{’/fszf{’/f{/ m=73. g, Vo_ R ?,V— A ?, = ). an rictioniess
A A B o S

Using Work-Energy Theorem

w =AK=lmv2—%mv§ and W, = F -d = Fdcosf

2
m)’ m)’
1 1 9.00kg)||60 —| —{40 —
Emvz—amvj m(vz—vf) ( g)(( s) ( s) )
F= = = =|300N
d 2d 2(3.00 m)
7) "
T m=120kg, v,=0,and d =300 m
F, d

a.) We, = F-d= F,dcos6 = mgdcost

W, =(120 kg)(9.8 832)(30 m)cos0 =|352.8 ]

b.) using Work-Energy Theorem

W=AK=lmv —lmv lm(v —v)
2

352 8 J
1/ 242 2
1 20 kg S




HO 11 Solutions

inclined plane 8 =30°, m=2.00kg, d =0.70 m, v, =0, and frictionless
d

F, F‘ 6, =60° W, = F-d= F,dcos6, = mgdcos0,

using Work-Energy Theorem

W= AK=lmv2 —lmv(f =lm(v2 —vi)
2 2

2
2W 2mgdcosf
v / s +V§=\/g——g+v§= 2gd0030g+v§
m m

v= \/2(9.8 22)(0.70 m)cos60°+0 =[2.62
S S

. . 1, 2W 2(1271) N
9.) idealspring x=0.040 m=W_=12] W =—kx"so k=—5>= 5 =15,000 —
2 X (0.040 m) m
1, , 1 N 2
x=0030m=W, =—kx’=—[15,000 —|(0.030 m)" =[6.75]
2 2 m
10.) ideal spring F =120 N= x =0.040 m F, =kx so k=£= 120N = 3000 N
x 0040 m m
N
a. x=0010m=F, =kx=|3000 —|(0.010m)=|30 N
) = te=(3000 XJoor0m) - o]

m

x=0080 m= F, = kx = (3000 E)(0.080 m) =[240 N]

1,1 N
b)  x=0010m=W, =Ekx2=5(3000 —)(0.010 m)’ =[0.157]

m

1, 1 N :
x=0080 m=>W, =k’ = 5(3000 ;)(0.080 m)’ =[9.67]

11y @)y 3
W = [F-dr = Area(F vs x)

a) x=0to30m

W =%(2 N)(2 m) + (2 N)(1 m) =

! |

I | I ! =

ro2 3 4\'5 7 b) x=30mto40m
i W -(N)(1m)-o]

c) x=40mto7.0m d) x=0to70m
1

W=~ (IN)(2m)+ (ON)(1 m)= [-17 W=41+0-1J=[37]




HO 11 Solutions
12) m=200kg, v,=0

using Work-Energy Theorem

w =AK=lmv2—lmv§ =lm(v2—v§) N v=1’2ﬂ+v§
2 2 2 m

a) x=30m b) x=40m
2(4017 2(4017
N e Gt I Py N e Gt I Py
(12.0 kg) s (12.0 kg) s
c) x=70m
2(3.0J
yo |2B00) o o ™
(12.0 kg) s
13) m=3.00kg, v, =0,ideal spring k =250 E , x=0.030 m, frictionless surface
m

using Work-Energy Theorem

250 N)(0.030 m)’
o +0 =0274 2
3.00 kg S

14.) F=175N, v=950 2
S

P =F ¥ = Fycosf = (175 N)(9.50 9)«:050 =1662.5 W
N

so each cat must supply @ =831.25W

1 hp
P=83125W =[1.11h
[sit)




1)

2)

HO 12 Solutions

m=200kg, F=145N, u, =0.30,andd = 4.60 m

a.) W, = F -d = Fdcos = (145 N)(4.6O m)cosO =

b) ¢
v?l Feo 6,=115° W, = F-d= F,dcos0, = mgdcos0,

W,, =(20.0 kg)(9.8 SEZ)(4.60 m)cos15° =

c.) W, = F-d= JdcosO ; = uFydcos = umgcosdcoso, ¢ >
W, =0.30(20.0 kg)(9.8 Ez)cos25°(4.60 m)cos180° = | =245
N

d) W, =W+ W, +W, =667 1+(-3811J)+(-2451) =[417 |

e.) v, =0

using Work-Energy Theorem

2 2(417
Wm=AK=lmv2—lmv§=lm(v2—v§) so v= h+vf= M
2 2 2 m (20.0 kg)
m=40kg, d=200m, u, =035
a.) W, = F-d= JdcosO ; = uFydcos = umgcosbdcoso,

W, =0.35(4.00 kg)(9.8 sﬂz)cos15°(2.00 m)cos180° =

b.)
F, w‘ 0,=75° Wy, = F-d= F,dcosf, = mgdcos0,

W,, =(4.00 kg)(9.8 ?)(2.00 m)cos75° =[20.3J |

202




HO 12 Solutions
2.) continued

c.) vy =24

o

m
S

using Work-Energy Theorem

et = AK=lmv2 -—mv] =—m(v2 —vf)
2
b [PWae 2 2(Wf +ng)+v2 _ |2(-2657+203 J)+(24 2)2 _[ieam
m ° m ° (4.00 kg) s s

d) v,=24 T and v=0
s

using Work-Energy Theorem

W =AK-= lmv2 - %mvf and W, =W, +WFg = umgcosBdcosO , + mgdcosl, = d(umgcos@cos@if + mgcosﬁg)

net
2

LR —%mvi = d(umgcos@cosef + mgcong)

2
. m(v? - v7) v v
) Z(Mmgcosﬂcosf)f + mgcong) ) 2g(ucos9<:ost9f + cosﬁg)
2
0-(2.4 m)

2(9.8 f)(o.35cos15.o°cos180° +c0s75°)
S

d =15.0 m, during upward acceleration W, =82501J and ng =-7350J

. W. -
Wy, =F-d =F,dcosf, = mgdcosO, so m = y bge = 73507 =150 kg
84C0sY, (9.8 “2)(15.0 m)cos180°
s

— = w 82501
b. W. =F-d=F,dcosB, so F, = N _ =[550 N
) F N N N (15.0 m)cosO

dcos0

) using Work-Energy Theorem
oWy + Wy,
2 F F,
Woe = AK = Lm? —lm\/f =lm(v2 —vf) so v2—v? Wy TN T )
2 2 2 m m

assuming uniform acceleration v* = v> +2ad

2_ 2 2(WFN +ng) Wiy +We, 8250 J+(-7350)

a=t Vo _ - - =12

2d 2md md (50 kg)(15.0 m)

(IJNl B




HO 12 Solutions
4.) ideal spring k =400 N , compressed Ax =-0.0500 m, m = 0.0300 kg, barrel is 0.0500 m long
m

a) v, =0 using Work-Energy Theorem

o

(400 N)(-o.osoo m)’
m

_ +0=[577 2
° (0.0300 kg) s

b.) f=6.00N exiting the barrel x =0 Y
x,=-00500 m =0

the work done by friction is W, = F-d = fAxcos6 = f(x - x,)cos = (6.00 N)(0 - (~0.0500 m))cos180° = -0.300 J

the work done by the spring is W = %kxf - % kx? = %k(xj - xz) = %(400 E)((—O.OSOO m)2 - 0) =0.50017
m

the total work is therefore W,,, =W, +W, =0.500 J +(-0.300 J) = 0.200 J

using Work-Energy Theorem

W,m=AK=lmv2—lmv§=lm(v2—v§) and v = %+v§ = M+O —[365
2 2 2 " m ‘\j (0.0300 kg) s

: F
c) f=600N and maximum speed occurs when a = % =0 / :

>-<V

1l
(=}

%,=-0.0500 m X
Newton’s 2™ Law (in the x-direction) F,,, =3 F = ma =0

F —-f=0and F, =-kx so —-kx—-f =0

X = ik = LOI; =-0.015 m (compressed)
- (—400 )
m

the work done by friction is
W, = F-d = fAxcos = f(x - x,)cos6) = (6.00 N)(~0.0150 m - (~0.0500 m))cos180° = -0.210 J

the work done by the spring is

W, = th? - L - lk(xj -x’)= l(400 E)((-0.0500 m)’ - (-0.015 m)z) = 04557
270 2 2 2

' m
the total work is therefore W,,, =W, +W, =0455J+(-0211)=0.245]

using Work-Energy Theorem

an;=AK=lmV2—lmV§=lm(\)2—v§) and V= %.’_vi: M.'_O: 4042
2 2 2 " m ‘\j (0.0300 kg) s
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m,
5)
f’f’?ﬁfﬂ’?ﬁﬂ’?ﬁﬁ?fﬁ m, =8.00kg, m,=600kg, u, =035,and v, =0
my
m, descends d =2.50 m
l d
the work done by friction onm, is W, = F-d= fidcosO = uF, dcosO = um,gdcos ;
the work done by gravity on m, is WFg2 =F-d= F, dcos8, = m,gdcosO,
the total work is therefore W, = Wng +W, =m,gdcosO, + um, gdcost , = gd(mzcosﬂg + Mmlcosef)
using Work-Energy Theorem (both blocks are moving at the same velocity)
2 2gd(m,cos8, + um,cos0 .
W,M=AK=l(ml+m2)vz—l(ml+m2)v§ and v = L+v§ - ( S : f)+v§
2 2 m, +m, m, +m,
2(9.8 “2)(2.50 m}((6.00 kg)cos0 +0.30(8.00 kg)cos180°)
S m
V= +0=|355 —
8.00 kg+6.00 kg S
6.) m,
[;;'{;fg;'{,{;fgﬁ,{fg{{,{fg{{,{;x, m, =800 kg, m, =600 kg, w, =035, v, =200 =

S

after d =295 mthen v=0

the work done by friction onm, is W, = F-d= fidcosO, = uF, dcosO = um,gdcos ;
the work done by gravity on m, is WFg2 =F-d= F, dcost, = m,gdcosO,

using Work-Energy Theorem (both blocks are moving at the same velocity)

- AK=%(ml +m,)v? —%(ml +m,)vs and W, = Wy, + W =mygdcost, + um,gdcos
! 2_1 2 dcosf dcosf
S0 E(m1 +m,)v _E(ml +m, vy = m,gdcost, + um, gdcoso ,

; (my +m,)v2 = m,gdcosB, = um,gdcosf, (v =0)

1
D) —(my +m,)ve ~m,gdcoso, (m1 +m,)ve = 2m,gdcosf,

m, gdcos0 ; 2m,gdcos0 ;

2
~(8.00 kg +6.00 kg)(2.00 m) ~2(6.00 kg)(9.8 “21)(2.95 m)cos0
S S

u= =[0.87

2(8.00 kg)(9.8 :21)(2.95 m)col80°
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7.) ideal spring k =250 E, compressed Ax =-0200m, m=150kg, u, =030, v,=v=0
m

using Work-Energy Theorem
W, =AK = %mv2 —%mvi =0and W, =W, +W, = %ksz + fdcost = %ksz + w,F,cosf

S0 0= %ksz + . F,cosO = %ksz + w,mgdcos6

—u,mgdcos6 = %ksz

Lo\ 2
d_ EkAx —kAx2

—u,mgcosO - 2u,mgcost B 2(

-(250 2)(-0.200 m)’

SRR

0.30)(1.50 kg)(9.8 :zl)c05180°

8) F =—(6 E)X, m=20kg,andat x, =3.0m, v, =8,0 =

m s
a.) variable force so work is the area under a F' versus x graph between x, =3.0 m and x =4.0 m
0 i | » x (m)
1 2 3 4 1
6 L from graph W, = Area, + Area,, =(-18 N)(1 m) +5(—6 N)(1 m)=-21]
1
124 using Work-Energy Theorem
-18 1
1 WF=AK=lmv2—lmv§=lm(v2—v§)
2 2 2
24 L
v 2
2(-211J
F(N) V= —2WF+V§= —( )+ 8.0E =6.56E
* m (2.0 kg) S s
b) v=502
s
0 | | | » x (m) .
i 2 4 using Work-Energy Theorem
6 L
W, = AK=lmv2 —lmv2 = lm(v2 —vz)
1 2 20 2 °
-12 |
18 1 m g m :
T Wr.=—(20kg)[{50 —| -|80 —| [=-391]
11 F 2( g)[( s) ( s))
24 1 N
v W, = Area, + Area;; = (—18 N)(x—(S m))+§ (—6 ;)x+ 18 N (x—(3 m))
F.(N)

W, =(-18 N)x+54 ] +((-3 %)H 9 N)(x ~(3m))

Wy =(-18 N)x+54 J+|-3 bl x*+(18 N)x-27J =|-3 Nl i273
m m

SO —39J=(—3 E)x2+27 Jand x=
m
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8.) Alternative solution

F, =—(6 E)x, m=20kg,andat x,=3.0m, v, =8,0 =
m S

a) x=40m

m =(_3 %)((4 m) (3 m)") = -217

X 4 my 2
W=/ F-drsoW,=[Fdx= f(—6 E)/\dx=(—6 E)x?
m

Xo 3m m

using Work-Energy Theorem

W= AK=lmv2 —lmvz =lm(v2 —vﬁ)
2 2 2

2(-211J :
oo e, 2=\/M+(8.0 2) -|6.56 2

b) v=5022
S

using Work-Energy Theorem

W= AK=lmv2 —lmvz =lm(v2 —vﬁ)
2 2 2

S

W, = %(2.0 kg)[(S.O ?)2 - (s.o E)zJ =397

3m m m

W, =] F.dx= f(_6 E)Adx= (—6 E)%z] - (_3 E)(xz -3 m)2)=(—3 E)xz +271]

o

SO (-3 E)xz +277=-397 and x=
m




1)

2)

HO 13 Solutions

m=600kg, v, =0, x(t)=at>+ B’ where a=2.00 = and f=0200
S S

a) 1=400s
vt)=—=—at"+ Bt | =20t + 3Pt  =2[2.00 — [t +3]0200 —|t"=[4.00 — |t +]0.600 — |t
(1) dt dt( b ) p s? s s? s’

v(4.00 s)=(4.00 32)(4.00 s)+(0.600 2)(4.00 5)° =|25.6 =
S S S

b.) t=400s

Fnet=EF=ma

a() =% - i((4.00 Ez)t + (0.600 2);2) ~ 400 2+ 2(0.600 23); =400 2+ (1 20 23);
S S S S S S

2

a(4.00 s) = 4.00 22+(1.20 2)(4.00 5)=88 =
S S” S

net

F,, = ma=(6.00 kg)(8.8 SEZ)= 528N

c.)
using Work-Energy Theorem

2
W =AK = %mvz —%mvi - %m(vz ~v?)= %(6.00 kg)((25.6 E) - 0) -
S

m=5.00kg, v,=6.00 m , frictionless surface towards ideal spring k = 500 N
s m

a.)
using Work-Energy Theorem

et = AK = lmv2 —lmvg = lm(v2 - vf) and W _,=W_ = —lksz (compressed)
2 2 2 ’ 2

maximum compression when v =0

g ~(5.00 kg)(O—(GOO T)z)

2
1 2 2 1 2 _ —m(v Vo _ _
Em(v —vo)=—EkAx and Ax = P = (500 N) =
m
b) Ax =0.200 m
| | NE (500 N)(o.zoo m)’
—m(vz—v§)=——kAx2 so v, = = m =[200 &
2 2 m 5.00 kg S




3)

4)

5)

6.)

HO 13 Solutions

F=53kN, m=9.1x10° kg, v=45 E,and a=0
S
a.)
= m
P=F-v=FvcosO = (53 kN)| 45 — |cosO =[ 2385 kW
(531945 )
b.) a=102
S
F,, =ma=(9.1x10° kg)(l 0 22) - 910 kN
S
P =F ¥ = Fycosf = (910 kN)(45 E)coso =| 41000 kW
S
ideal spring k = 4000 E ,compressed Ax =0.375m, m=80.0kg, v, =0, and frictionless
m
W, = %ksz and using Work-Energy Theorem W, = AK = %mv2 - % my? = %m(v2 - vi)
7 4000 N)(o.375 m)’
S AR m +0=|265 2
m (80.0 kg) s
m
m=1000kg, v=8.0 —,and a=0
N
= _ m m
P=F v =F_ycosf = mgvcosf = (1000 kg)(9.8 S—z)(s.o ?)coso =|784kW
Ad/

. m=40kg, d=50m, F=10N, K, =107, K, =201
37°

using Work-Energy Theorem

We=AK=K;,-K,and W, =W +W, +WFg
so WetW, +W, =K, -K,and W, =K, =K, =W, -W,
W, =Ky -K,-F,dcosO, - FdcosO, = K, - K, - mgdcosb, — Fdcos0,

d F

d
6, = 53° 0, =143°
W, =201-10J-(40 kg)(9.8 22)(5.0 m)cos53° - (10 N)(5.0 m)cos143° =
S



F HO 13 Solutions

7) o
d o m m
m — m=30kg, F=16N,d=50m, 8=37°, v, =40 —, v=60 —
S S

e i i e s
using Work-Energy Theorem

W, =AK =—my’ —lmvg =lm(v2 —vf) and W, =W, +W,
2 2 2

F
0 Wym byt )W, = Ll 2] - Faoso, S

W, = %(3.0 kg)((é.o ?)2 - (4.0 ?)2) ~ (16 N)(5.0 m)cos37° =

d
e —
e

8.) e F

e m N
b m=10kg, k=800 —, v, =0, F=80N, d=Ax=0.13m
e et m
T frictionless surface

using Work-Energy Theorem

2 1 2 1 2 2
W, = AK =—mv" ——my, =—m(v —vo) and W, =W, +W,
2 2 2
2(chos9 ! ksz)
AW, +W, o
Lo AW V2 = 2 v
m m
1 N 2
2(W W ) 2 (80 N)(0.13 m)cosO—E 800 m (0.13 m) —
Y R 2 +0={085 —
m (10 kg) s
9. m = 5.0 kg, horizontal force F=12N, u, =0.20,and v, =0

Newton’s 2" Law (in the x-direction)
F,=YF=ma
12 N-0.20(5.0 kg)(9.8 HZ‘)
F_f=F_.“kFN =F_Mkmg=
m m m 50kg

m

F-f=maand a= =044 —
s

when r=50s
v=at+v, =(o.44 32)(5.0 5)+0=22 =
S

S

P=F-v=Fvcosh = (12 N)(2.2 2)cos0 -

S



10.)

11)

HO 13 Solutions

ideal spring k =1000 N , m=2.0 kg attached on horizontal frictionless surface, v, =5.0 o
m s

when Ax =0.20 m
L, 1, 1,
Wnet=AK=K_K0=K_Emvo SOK:Wn€l+Eva=WS+EmV0

1

m

2
K= tkavt 4 Lm? = = (~kAx +mv?) = l(—(1000 E)(0.20 m)” +(2.0 kg)(S.O E) ]
2 2 2 2

S

—

S
B '3?

o m=20kg, k=100 E , and frictionless surface, v, =0
m
,;,:_.? d=Ax=020m
d
using Work-Energy Theorem F, |6
6, =53°
W,m=AK=lmv2—lmv§=lm(v2—v§) and W, =W, +W, !
2 2 2 8
1o 2 1o 2
2(W W ) 2| F,dcos, - — kAx 2| mgdcost, — — kAx
_ Fe s 2 2 2 2 2
v=—""+V, = +v, = +v,
m m m
m o 1 N 2
2 (2.0 kg) 98 — (0.20 m)cosS3 -—(100 — (0.20 m)
s 2 m m
V= +0=(0.60 —

20kg s




