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5.23. The systems shown in Figure P5.2% are in equilibrium . If the spring scales
are calibrated in newtons, what do they read 7 (Neglect the masses of the
pulleys and string s, and assume the inchine «s frictionless.

(a) Fi=riic e
Fi= m% =0
F=mg =0
Tre mals (5.00 Kﬂ)(‘i.aﬂ mis?)
T4 08K
(b) FiE g~ 204
T2 Fi= .ma =0
Ta=2 11, =0

T2 = 2(5.00 kg)(‘l,B’O mis?)
=98.0 N

x—componen+

T~ miitin. 39 = 0

T= mgsin 30 = (5.00 kg)("l.ﬁ'o mis?)sin 30
T=249.5 N

535, Two masses mi and M2 situaied on a frictionle ss, horizontal surface are
connected by a light string, A force F is exerted on one of the masses fo the
right (Fig. P5.35). Determine +he acceleration of +the system and the
tenston T in  the string, {
N2 K-compon8n+

Tnl For Mz . R=— Tt = o0 (1)
Formag. T=mia (2
m el s X mi T nf
= il : T=F-mza (1)
lm T= mMmyoa (2)
& Mz 9 F-mza=mia
F=(mitmz)a
L ;
Me + M2
T=msa ¢2)
5 Em1




5.46. Determine the sfdppin‘? distance for a skrer mow‘ng down a slope with
friction with an initial speed of 20.0 mis (Fiq. P5,48). Assume
Uk = 0.180 and & =5.00°.

y@componcnf
n= mgcasﬂ =0
= mqcos )

X - component

mgsin & - Fx = may

Tk = Mxkn = Mk mqcos 3
qsin © ~ Uk shigcos & = hax

ax = q (sin & =AUk cos )

ax = 1.80m/s?(sin 5= 0.180cos 5)
ax = —0.903 m/s?

Vi - Vitx = 2ax (X$-Xi)
0 —(20mls)? = 2(- 0.903 mis?)(X§f-0m )
Y =22 18 am

5.58. Consider the three connected objects shown in Figqure PS5.5%. Tf the inclined
plane s frictionless and the system is In equilibrium , find (in terms of

m,q, and 8) (a) the mass gnd (b) the tensions Ti ond Tz, (f the value
of M is double the value found in par (a), find (c) the acceleration ;
of each object, and (d) the 4ensions T1 and Tz. If the coefficient of static
. friction between m and 2m gnd the inclined plane s #s, and the
system is in equilibrium , find (&) the minimum value of M and

(f) the maximum value of M, (q) Compare the values of T2 when M

has its minimum and maximum values.

=

Nz

y “tomponent - -component y-componeén ¥
Ni=2mgcos @ = 0 ha ~mgcos® =0 Tz~ Mq == Ma
N1 =2Zmgcos @ Nz = mgcos @ Tz = Mfg—a) (3)
—componen x-component
(1) T1~ f1 -2mgsin_6 = 2ma Tz‘T1~'¥z—mgsq'nB=ma (2)




Parts (o) and (b) °

Equilibrium (9 =0)
Frictron less incine (f1 =fz =0)

(1) [T1 =2mgqsing |

(z) T2-Ta =m95m9

(3) ]T2= Mé]

T2=T1 = mgsin © -

Mg - Zmgsiné =m45n’n9
[ M= 3msing|
Parts (¢) and (d) - = 6ms)n 6

fi=f2:-0

(1) T1 =2m (gsind +0a)
(2) T2-T1 = m(gsing ta)

(3) T2 = 6msin 6 (g—a)
Tz~ T1 = m(gsin & +ta)
GMsfne(g-a)-Zvﬁ(gsine ta) = }ﬁ(gsl‘n 6+ta)
6gsinf - 6asin @ —ngine -2a gsine ta
-6asing-2Za-a=qsin@ * 2gsin ) -635m ]

+ 6asin® +3q = + 59sin ©
a (6sing*+3)= 3gsiné
o = gsin 6
25in @ + 1
B} [/ . + _gsin @ ): ~ ( +_1_______>
/Tl 2m<gsm9 TR Zmgsin6 (-1 T em 11
_ : 2sin@ t+2
Te = Zmgsin © ( Zsin6 T 1 )
_ : 1 + sin 8
Ty = 4mgsin® ( I )

Part (2) . Equilibrium (a=0), Howsmell can M be before the system qoes down the inclipe

fi =usny = 2usmgcos 6 both directed ‘up  the incline
Fa=MsNz = Usmgqcos )
M= Mmin. /‘1
(1) T1 = Zmgq (sin@ — 4ds cos é)
(2) T2 -Ty- mg(s{nﬂ-ﬂsc‘ose) /1:5
(3) T2= Mmin
M Ta m.a(Lsme-ascosG) t 11 _ malsin6—Uscos6) + ng(SI'nO‘Alsicos 6)
: 9 g 9
Mmin = Z2m (sin & —Mscos 8) |
Part (f) © Equilibrium (a=0) How by can M be before +he system goes up the inclinp ©
Fi= usng = 2Zusmqcosé } both directed down the incline
Y2 =-uUshz © Us m?cos 0
(1) Ti=2mgq (sin 6+4lscos 6

(2) T2-T1 =mqlsin § tUscos @)
(3) T2 = Mmax (']

Mmas = 3m(sin @ +Mscosf) |

s

/e




Part (q) -

Tz,max = g Mmay

T2,min = Mmin

Tz, max = Tz,min = g Mmax —gl“)m;'n = 6mg Ms cos 6

5.64. A 2.00-kg aluminum block and a 6.00-kq copper block are connected
by a light string over q frictionless pulley, They s11 on a steel surface gs
shown in Fiqure P5.64 and 6<30.0°% Do they start 1o move once any
holding mechanism 1s released” |f so, determine (a) their acceleratron
and (b) the tension in the string. f no4, determine +he sum of the
magna'+udes of +he forces of friction acting on the block s.

1 Ni

Nz

h
270
%g /o

=

??.r,b 3

For the system to start 40 move, the force tending {0 move m, down

the incline, mz2qsin6, mustexceed the maximum  friction force.
Jcqu = fi,mar i fz,rnar =r Ms q Na ¥ Mz Nz = dgs mig t Us, 2 ngc{)sﬂ

ls 1 = 0.610 (aluminum on steel)

Ms, 2 = 0.530 (copper on steel)

M1=2,00 kg, mz=6.00kg, 6=30°

Smax =(0.610)(2.00 kq)(3.80 m/s2) + (0.530)(6.00kg)cos 3

Fmax = 38.9 N

This exceeds the force tending 1o cause the system t0 move !

M2gsin 8 = (6.00kq)(9.820m/s2) sin 50= 29.4 N

So the sysftem will not start 4o move.

The friction Forces increase in mqqnfiudes unti!l the totel frictron force retardin

+he motion, ¥=f 4 'fz_, equals the force ’rf:ndl‘ng to set the system m motion.
That is until F= Mzgsin= 29.4 N

5.67, A 2.0-kg block ys placed on top of a 5.00-kg as in Fiqure P5.6%.
The coefficient of kinetrc friction between +he 5.00 “kq block and the
surface s 0.200, A horizontal force F s applied to the 5.00-kg block .
(o) Draw a free-body dl‘agrnm for each block , What force accelerates the
2.00-kq block 7 (k) Calculate the magm'wde of the force neresszary' to
pull both blocks to the right with an acceleration of 3.00 m/s”.

(¢) Find the minimum cocfficient of static frictron between the blocks

such 4ha+t the 2.00 kg block does not slip under an acceleratyon of
3.00 m/s?.




(
“) N1 h2z

Ny

. ] fs t ‘[ T

2.00 K¢ 2 P'ﬂs.ook] ? ] .
s e SRR
| i < | teme
fi J

W l

ng (Fa)ﬂﬂ‘ﬂ‘

mig
The force of static friction between +the blocks accelerates +he 2.00 kg
blotk.

(b) For both blocks together

F=ify =imun

F &=« lik ('ml'rm:)ﬂ = (m1 +mz)a

F =(m +mz)a + Uk (mufmz)g

(o +mz) (o + Uxa)

F=02.00kq+ 5.00h33€3-00m!sz + 0.200 ( 9.80m/s2)]

EE3TT N

. () + ts2 s D1k =M G
Ra =Ml
Jis(r}hg) =0

cooign s RO
'Lts" g" q.gumlsz e 0-306

-
T |

OR
fs =Ush2 = Mz
Nz = ng
-U.’:‘([ﬁ'zg) =z a
ablie = _Q_

9




5,69, What horizontal force musi be applied to the cart shown in Figure P5.69 so
thot the blocks remain stationary relative to the cart ? Assume all surfaces,
wheels, and pulley are frictionless. (Hint . Note tha+ the force exerted by
the String accelerates ma.)

Ni
ropes always pull on bodies

M | in the direction ¢f the
- :Zl T . I“OPP.

m; b————

n
;a{mz _J Mtmsdmz
F

Mzq l {F9)+o1'q1

~v

normal forces are ulways i
to +he contacting surfaces

For my . - T

a = 1 = M2 g
my mia
Eor iMs-.i- 0 Ma2g = 0
T=mzq

For all 3 blocks ! F=(Mimeimz) o
< (M+m1+mz)m—m2}

o |




