EQUILIBRIUM OF A FepT/cLs

L FoND THE TENSOAN /N EACKH LROPE,
A

VAR A

No /Mo7ron . 6z

L L B) Ll 2 2 CBJ///)'//
ROPE Z— €L pops 2 . ROPE 3
EPOPE / — ROPE [

ROPE |~ »
(780, 360,/80, 90, /20,30, /SO ~)

m= /8 x&
2. A VERY WISE WILD TURKEY /S PSRCHED ON A TELEPMNE
WIRE . THE TENS/oN N Fops / 1s YOw.
ge?e”‘/ A) llss 7me X-c@uarzon 7o
. FIAD THE TENS/pA /N Kops 2.
3¢.87 6.93  B) Use 7HE Y-E@uAaron ToO
’ FIND THE WE/GHT AND MASS
(¢ N, 84N, 8.4 k6) OF THE B/RD.
3. o 7HE Prayerouws ! A youne eirr, m=3bks,
(3904, N IS HELD BY MR MOTHEE , WHO /S PULLING
sson) STRA/IEHT BACKL, A) Uss TweE Y—spu,qr/o,«/
67.38 TO FIND THE TENS/ON /N THE ROFE,
— —  — R) Uss 7w X-cE@uAarmon 7o FND
THE MORJZONTAL FORCE bF Mom.
6/4 7

B,=30s° B&,=4589"

Socve a8 X any Y spuarors
SIMULTANEOUSLY TO FoNpD THE TENSI/oN

W RorPe | anp N 2, /5’70/0) S'//,v)
S, CHADs cAare /s s7uck N THeE mud, Se

36 p1 LoNG vERY TVEAHTL 7 BETWEEN /s CAR AND A TREE,

Ar rwve cenir=e pe 7o ROPE, HE PUSHES SIDEWAYS wWs72/

A FORCE oF SDDN A4S THE BOPE MDVES S)DEWAYS /.5 ne .
Love N6 Down) oM THEM °

ss T Y-AXx/s 7
T 8m : F= 807? a4 FIND THE TENS/oN N
AuTo - __ VEm T TREE

THE ROPE. (¥EOON)
M= /06 kx5 Fr v 7HE POPE = /SOON

Fowp - A) Fsprine ( 6oow)
B) Fu (seow)

m=58&,3 k&




3 .
7. z m, = 30«6
7 - 7 7 7 7 7 7 / Vd
/US FOe THE 7TABLE ﬁ a2 = Y2 k&
/
/s .6 p |
7
/1
FIND THE MASS oF BRICK THREE SO THAT THE ENT/RE
SYSTEM IS STAToNARY. ( 8 x&)
v “
¥  m = /4ke & P BRICK TWO HAS THE
e 0 MAXIMUM AMOYNT oF
m, T TL  MASS SUCH THAT THE
7 7 7 7 7 W
Ms =0 4 y g™ V' SYSTEM CAN BEMAIN
gl
) W L 'STAT/DNA/<7, DeTsem ne
A L THE FEANS/ON /N EACH
/ .
2 " RoPE AND THE MASS

OF BRIck 2,
(7,=5¢, 7= 106, 73 = 904,
Mae = 4KG)
my = 700k ma= %0/ 5 k&
Fonp THE ANGLE 6 so rwar
THE MASSES Ares 57747'/04//7’/97.
FoNb TwE ROPE'S TENS/ON. (35 4075)

NO FRi1eT/0N

/0. v - 6= 3¢,87° my =162 k6 w=/(875
e FIND THE MAXIMUrM AND THE
& MIN/MUM VALUES FprR M7, So
HAS FRICT 0N THAT My /S STATZoNARY.
(2/5,69) 360 KG)
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T,eqwe T=rF s~vNE
) CALCULATE THE TORGUE PRODUCED BY SACH oF
THE FOLLOUNVNG FDRCES, AX/s 7
AX/S Sm /Sm
a) Zm 9) /ZN
‘ L0 N
36.87°
0 AX/S
b) 4_41—N_ ¢ 20 AL
} 3m
¢ . /S~
AxXrs 9 36.97° >
e~/ )Y com p
X/s
c) ¥m - ~
6AX/IS . - L = Séen = /0bwn
AX/s J’) :/ F
Al ,
AY s & __¥m AX/S
Yy 4ON » F=3% 4 5= 30m ’
/On k) !
e) AX/S |
l Zm . Sm e N dom [ AX/S
l &
. AON L) l a
| Axs
30m. )
20 N EON AX/S

i
(90 ~/20; /60; —200; = SO, = 80; 400, S z m.

600 /80 ~00, ‘40 4so, zz*f /20 ,-2400 9’00)
2. Juz_m/\/ USES A TIRE JRON TO T/EMNTEN THE LUy NUTS
ON THE TIRES pF /s FEerAL) THE sy /s +/Em
LONG WHAT FORCE MHST HE SUPPLY ON THE END prF THE
WEENCY TP CREATE A TORPUE oF #S Nm. /250 A)
2K ENDEA, WORKING ON THE ENG/NE 0F HER BMW HAS A TORQUE
WRENCH, s/é/fr INCHES LONG, WHICYH READS 28 +#- /As
///4447' FORCE DOES SHE APPLY ON THE END O0F THE WRENCH - /42 /L)




: . - b5
ERUILIBRIUM oF Soc/d OBIEcTs

/, A/Vb'7 m= 5S¢ ke ‘ \
Zm 7m FoAND THE FDORCE SHPPLIED

Mo m4ss 7 BY EACH WOMAN,
¥ Z ( £ =400 F=/60n)
KRBISsTI CHREISTINA
2. MEGAN M= S/ k6
9 2/ »m FoND TS FDECE S(IPPLIED
BoARD 71 = 86 k& &5/ EACH MAN.
y \Lé ¥ (=, =787 4 =583)
7. K e 3 ReX
g80ARD TURKE Y
3 m= ¥ k&
BOARD m = 28 k& JUSTIN STANDS TwWO METERS
: S am— /
Z/ 2mi 7m FROM THE BOARD'S CENTEL,
Mr, HArV/E JuUst/N FoND EAckH MANS FORCS,

(Fu =-2/0n, FA = 900n)
¥ A PrLAYeROUND TEETSE —ToTTEeC !

’

7Rk £S5 e AY FoND THE DISTANCE FROM
\EJM Mowazi j | MonALI To THE FuLCruUM
S No MASS : SO THAT THEY ARE PER—
VI A FecTey RAzAncED, (/8 m )

B) Eowb THE UPWARD FORCE SYPPL/ED BY THE FlrccruM, (/430N )
5. GAWN /S RIDING A TEETER —TOTTEL. W/TH A BLACK BEAL,

m =285 ke m= 75 ke THE FULCRUM IS THERE
é . ] METELS FROM THE CENTEL.
Boskd m=20kc OF THE BOARD, Fra»b *
/\ A THE UPWARD FORCE EXSRTED
= T <Az BY THE FUeCRUM. (S600N )
M R) 7wE DISTANCE FROM THE

BEAR TO THE FLcruM . (S)
<) THE DISTANCE FRoM GAwnN 70 7#E FuLcrum . ( 17)
D) THE TOoTAL LENGTH OF THE BoARD (/b m)
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6. ZaN , m = Sbes, L= /¥7crm, Do€s Y06A AND

HANES //o,e/ RONTALLY BETWESA Two RoAES, A sp,e e

L Vv o o SCALE N THE LEFT ROFRE READS 4 <

| , TENS/ 0N OF 320A, Foa0 ?z

B A) THE TENS oA N THE RIEHT ROPE, S
o —| R) 7HE DISTANCE FROM 4HIS HEAD To

IS CENTER o2£ 6RAVITY, (63 cm)
C) THE DISTANCE FRoM #)S FEET 70 HIS CENTER oF ERAV/TY. (8/cm.)
> 4 Newron FR TREE /5 AUNE AHORIZONTALLY FROM
Two RoPES, Rore | gas A 7Enson oF FON; Rors 2.
e - HAs 60N, Fore / /s TED T THE

I N TREE 4T 35 . FROM THE
% a STUMP. THE pD/STANCE BETweEsA
\\\ THE ROPES ;s SOCre. Foap -
/// W A ) THE WE/GHT AND MASS oF Isnac’s
Teee, (/Son, /SkE) B) 7HE DISTANCE FROM THE

STUMP To THE CENTER OF GRAV/TY, (67 em)

4 SZ/AMLL/. M= /STS KE, IS HUNG FROM TwO ROPES
FOR. CLEQNING, THE EB/IGHT ROPE LHAS FV/E 7/AHES
% Cm/ - - L GREATERL, TEANSoN TAHIN THE

% 0w yeF7,  Fows i (2625, /3/25N)
M ,4) THE TENS/ON /N EALH ROFE,

B) THE DI/STRNCE FROM THE
END oF THE orcas’ 74/ 7O /TS CENTER oF 6MV/T7 /4’66 cm)
9. James Bows and De. Mo Aec ENGAGED m) FISTICUFES on
A BOARD OVERHANE/NG- A Foor.. Dr. No ppow Puirs opur #/s
weAron. Oy Mo ./ BoNb 1S JN TROUBLE AEAMN, UnaRMED,

‘ BOAR D D"'N"jj BoND QUICkLy CALCULATES THE me@ues
M=¢S KG L=/8 m

77 7 77 7 . AND LEAPS OFF THE LEFT EMND OF THE
| A4m BoARD LEAV/NG D,e No gn THe R/IEHT,
DR No A nn [s BoNs sarFe’ 72/.47-' /S Doss /Va
m= 60 k& : Feep The Frsk ! 2%y pMT THE
P *3? PIVOT on THE EDEE gF 7HE Bif1ed/NG,
/1 (/VO /S ANCHOV/E'S 37 25—;1,) TOO £AL OUT
d Ok ( MNo 15 ANCLOV/ES 8y /SO wm ) 700 MYCH TORDU!

o (No 1= B4,T &y 3. 75 ki) e Mas 700 MUcH MAES



v'5BI6 The center of gravity of an empty automobile is 3 ft ahead of the rear axle, and the
empty car weighs 1500 lb. A 100 Ib driver sits 5 ft ahead of the rear axle, and three
200 1b passengers sit 2 ft ahead of the rear axle. How far from the rear axle is the c.g.
of the loaded car® (2, 82 F7r )

v5B17 A collapsible fishing pole consists of three sections, each 50 cm long and uniform. The
sections weigh 6 N, 4 N, and 2 N, respectively. When assembled with the 4 N section
in the middle, how far from the heavy end is the c.g. of the system? (5_3, 3 cm,)

5-B18 Tom and Dick are carrving their voung friend Harry on a uniform horizontal plank
8 m long that weighs 150 N. Harry, who weighs 400 N, is sitting 5 m from Ton and
3m from Dick. How much weight does each man support?

5-BI9 A 200 Ib movie stunt man walks out to the end of a uniform horizontal plank that
projects perpendicularly over the edge of a roof. The plank is 20 ft long and weighs
100 Ib. How far from the roof can the plank overhang?

5-B20 The lever of Fig. 5-32 is a flat piece of metal in a vertical plane. The lever weighs
20 Ib with its c.g. at C. What horizontal force applied at B will hold the 15 Ib load at
4 in equilibrium? .

5-B21 What vertical force applied at B in Fig. 5-32 (replacing the horizontal one) will hold
the 151b load at A in equilibrium? Is the required force upward or downward?

5-B22 A trunk weighing 500 N is on a frictionless inclined plane that rises 60 cm for every
100 cm measured along the plane. A force of 400 N is applied, directed upward along
the plane. (a) Calculate the net force along the plane. (b) What is the acceleration
of the trunk? (c) What is the normal push of the plane upon the trunk?

3R

5-B23 A sledge weighing 4001b is being dragged along a rough road, for which the
coefficient of kinetic friction is 0.6. The forward tension in the rope is 340 Ib. 4fe 5 ft
Compute the resultant force on the sledge. Is the sledge in equilibrium? If not, what

is its acceleration? ’
v/ 5-B24 A mountain climber weighing 800 N is held on a 60° slope by a rope attached to a )
tree at the top of the peak. The tension in the rope is 500 N. Compute (a) the 54t
normal force on the climber; (b) the magnitude and direction of the force of friction

on the climber. /;:v = #00,‘/} A =/93N HPSLOPé')

Figure 5-33

5-B25 A box of mass 80 kg is on a rough horizontal pavement for which the coefficient of
kinetic friction is 0.3. The box is acted on by gravity and by a horizontal rope in
which the tension is 400 N. How far does the box move in 3 s, starting from rest?

5-B26 A box of mass 80 kg is on a rough horizontal pavement for which the coefficient of -
kinetic friction is 0.3. The box is acted on by gravity and by a rope in which the
tension is 400 N. The rope makes an angle of 30° with the horizontal. How far does
the box move in 3 s, starting from rest?

v 5B27 A light bamboo fishing pole 9 ft long is supported by a horizontal string as shown in
Fig. 3-33. A 10 Ib fish hangs from the end of the pole, and the pole is pivoted at the
bottom. What is the tension in the supporting string, and what are thé components of
the force of the pivot on the pole? (7= /3, 5} F; =/3, 5; Fy = /0)

5-B28 A 150 Ib cylindrical barrel of diameter 26 in. is lying on a pavement with its curved
surface snugly against a curb 8 in. high. (a) Make a careful diagram, and use the
Pyvthagorean theorem to find the distance from the foot of the curb to the bottom of
the barrel. (b) What force, applied horizontally at the top of the barrel, is needed to
just ease it up off the pavement, so that the barrel is pivoted on the edge of the curb?

V//5-B29 A gardener using a hoe 6 ft long applies with one hand a horizontal force of F Ib at
the top of the handle, and with the other hand he applies a force of 10 Ib perpendic-
ular to the handle and 2 ft from the top (Fig. 5-34). The handle makes an angle of §5°
with the ground. (@) What is the value of F? (b) What is the horizontal (useful)
component of the force exerted on the ground by the hoe? (Ignore the weight of the
hoe.) Is the force on the ground a push ora pull? €) Aovn A,

5-B30 A housewife holds a 2 kg carton of milk at arm’s length (Fig. 5-35). What force B must
be exerted by the brachialis muscle? (Ignore the weight of the forearm.)

v/5-B31 A uniform pole 6 m long weighs 200 N and is attached at one end to a vertical wall. A
load of 500 N hangs from the other end of the pole, and a horizontal guy wire
attached to the outer end of the pole holds it at an angle of 30° above the horizontal.
(@) Find the tension in the guy wire. (b) What is the resultant force of the wall on

thepole?r(T-: 1039, Fuil =7/253 AT 3¢ 0)
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Fn =800
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FEn'=360n
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5.B37 In Fig. 536, assume the weight W to be 25 Ib and the coefficient of kinetic friction
between the 100 Ib block and the table to be 0.30. What speed will the system
acquire after moving 4 ft, starting from rest?

5-B38 A uniform rectangular sign 4 ft tall and 8 ft wide weighing 120 1b is he.ld in a vertical
plane, perpendicular to a wall, by a horizontal pin through the top .ixnslde corner, and
by a guy wire that runs from the outer top corner of the sign to a point on the wa!l 6 ft
above the pin. (@) Calculate the tension in the wire. (b) Calculate the magnitude

3-B32 A yogini seeking to locate her center of gravity supported herself in a horizontal

5-B33

‘/5-B34

ABSS

5-B36

and direction of the force on.the pin.

v’5B39 A sign in the form of a uniform rectangular board 1 m wide and 0.6 m high weighs

supine position with her head on one chair and her heels on a spring scale on another
chair. The two points of contact were 65 in. apart, and a friend observed the scale to
read 39 Ib. Later the yogini stood upright on the scale, which then read 110 Ib. How

‘far from her heels was her center of gravity?

A patient 200 cm tall weighs 500 N and his center of gravity is 70 cm from the top of
his head. He is carried on a uniform stretcher 200 cm long, of weight 200 N. What
upward force must each stretcher bearer exert?

A uniform ladder 5 m long weighing 200 N is leaning against a smooth vertical wall
with its base 3 m from the wall. The coefficient of static friction between the bottom
of the ladder and the ground is 0.45. How far, measured along the ladder, can a 600 N
man climb before the ladder starts to slip? ( 3.6 m )

A ladder 20 ft long weighs 80 lb, with its c.g. 4 ft from the lower end. The ladder leans
against a smooth wall and makes a 30° angle with the horizontal. What coefficient of
static friction is needed to keep the ladder from slipping? (Hint: First compute the
components of the force exerted by the ground on the ladder.)

A 100 Ib block rests on a rougp table for which the coefficient of static friction is 0.40
and the coefficient of kinetic friction is 0.30. The block is counterbalanced as shown,
by a 75Ib weight and a weight W (Fig. 5-36). (a) What is the force of friction if
W =601b? (b) For what range of values for W can the svstem remain at rest?

[~

B
-]

30° c

LLL LLL

200 N. The sign is hung as shown in Fig. 5-37 from a horizontal uniform pole 2.m long Figure 5-37
that weighs 300 N, and a guy wire CD makes a 30° angle with the horizontal.

Calculate (a) the tension in the guy wire; (b) the horizontal and vertical compo-

nents of the force exerted bv the wall at A. (Hint: Each vertical rope at B and C )

supports half the weight of the sign.) (T‘: 600} Fx = 520 R F-y = 200

/ 5>-B40 An automobile weighing 3000 1b

in.

has a wheel base of 120

Its center of gravity is located 70.0 in. behind the front
axle. Determine ,al the force exerted on each of the front wheels ;assumed

the same! and .b! the force exerted on each of the back wheels ;assumed the
same! by the level ground.

(625, 875)

v’ 5C4 A uniform ruler of length L and weight W leans without slipping against a smooth

4 aws

vertical wall at an angle § with the vertical, with its base on a rough table. Show that 5 FN

the coefficient of static friction between the table top and the ruler must be at least
equal to 4 tan §. Interpret your result in the limiting cases as# — 0, and as @ — 90°.

: 4
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Tae APuyysies oF Muscees é

OBIECT/IVE : 70 DETERMINE THE TREMSNDOUS FORCES

THAT MUSCLES MUST EXERT To PERFORM ORD/NARY TASKS,

L MR. HARVIE, WHOSE ARM IS FLEXED JN THE HORIZONTAL
POS/T/ON, /S HoLP/nG A JO/b CHunk oF GENEISS N HIS HAND.
Mos ForCARM WESHS 2 lbs. FoAd THE TENSON 7wE 7HE
BICEP AND THE COMPRESS/ONAL FORCE JN THE AHrMEeds.
(s2 lbks, %0 lbs)

shoulder

Q 5 6 l
Fgone 21b 0

2. Me. tlarv/E )s EATING A MAHI- MAK) SONDW/CH 1)/ 74
SP/IAMACH ANL TOMATOES ON WHOLE WHEAT, /4 S ME B/7ES
THE SANBWICH, HIS LOWER FRONT TEETH FEEL A Do WaRD

Frv oF 201bs, Fows 7wes 7o7dc TENS/oN EXECTSL BY THE

TWEe MASSETERS ANb 7HE FORCE EXERLIED on THE COANDYLES,
(67 Ibs, 47 lbs)

o
N ‘/’/
zygoma
(
\ _-——
fl il L

0’_ auditory
conal

mosseler
muscle

mondible
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2 Veza S, WHDSE MASS /s 65 K&, STANDS ON H/S
TOES AS HE AWAITS 7uE STALT oF 7THE RACE,

LALE OF IS 7OTAL WE/EHT /S SUPPORTED By
EAcH FooT, Fnb THE TENS/ON /N 7THE AcHiieEs

TENDON AND THE DOLWNWARD FORCE SXERLTED

B’f THE T/8/A.
/4 = 3 crC

B =2/ cm

GASTROCNEMIUS
Fu = 325N

J
N
~
_&___ '
wi\j_/‘— PLA L aNEES

(2275 N, 2600n)

ACHILLES
TENDoN



