. PR 200 N #7015 30° AR ERH DA A e —(E S 00AE T A0 SR
HEUE 0.18 A1) EFE T H LI 1 m FR{Rfi 17 2%/DT? (A) 200, (B) 400, (C)
600 J, (D) 800 J; (2)f8 FHYE & F5%%/1>? (A) 15.5 kg, (B) 31.0 kg, (C) 46.5 kg, (D)
62.0 kg.

. WERAEFISIF = (671 + 23] + 55k)N FEAIHA— (B E TS H R i E

71 = (161 + 31))m BN, = (218 + 107 + 14k)m, I Fyfeal? (A) 335 ),
(B) 483 J, (C) 622 J, (D) 770 J.

. —H0 0.5 5 7J7(1 hp = 746 W) H-JEC il 7K SR 7Ky ik 1 H TR /KT 80 m 516y
ZKAE b SROK B AR R (R (R ZE DA ke /s YL ZRTR) (A) 373 ke/s, (B) 38.1
kg/s, (C) 0.47 kg/s, (D) 0.94 kg/s.

. —Hjij 1400 kg FYEE-LL 60 km/h A& & A GZ LLIER 1L EREED, R FT 2 FHY
2% A SH T Ry 550 N A5G [ 2 d) T {E A AT EhER AT DI Ky 38kW, K LLIBSHYIEZ S
Ffa[? (A) 7.2°, (B) 14.4°, (C) 21.6°, (D) 28.8°

- BT ARV BE B 2K B P ERAEFT Y ), 5588 J1a9F T B & nI T
IR N FR BE KLY 10 F5 (1 hp = 746 W)HYFTBED/ 4, (BRI H 25 Y 28
SRR/ N 100 FEM, N E FURFEF TR DR SR ERVE BB -

2 (kW)

iz

0 005 01 015 02
R (s)
(1) TEHRLRAVIEAERS, N AR (A E R
(A) BKZ @fiEE
(B) BRI
(C) ERFEEERFT YL
(D) ERIEEIERFTHRALATAE ER0R
(2) BRAVE AR AR ARLITERFE] Ry 25/ DRI ?
(A) 85 ms
(B) 145 ms
(C) 185 ms
(D) B JIEH KT
(3) HEERH IR HBhREID T REYZ%/D?
(A) 5501
(B) 1.3 kJ
(C)7.0k

(D) fiEst B0, R B R R T PR A L Aty e
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11.

(4) JE o s R B E B O E B g K2

(A) 1F 185ms

(B) 1E & AVl E A

(C) TE[E FHYlE{ERF

(D) {EfEHFHYIE{E % EL 185ms Hi
TEREFE R %, —Z 0.50 g /B A —H s, 5 By 4.5 em, HI S EUREEL
IR AETIRHE ST By 70 NSRS AR AiTHVZEZR? (A) 27.5 m/s, (B) 55 m/s, (C)
82.5m/s, (D) 110 m/s.
FE T ALE/KEh T HEB)—(E'E & 180 kg HYTTZAE0, M E]— B 10 m fHIE
AR, BESUAR Y REREAE E FE U BRI TN R > HEIEEE R B foe = po +
ax®, Hft py = 0.17,a = 0.0062m™?, x{RIEHMEHALEBERIFTE 58 2 ML
EVEEEE - R T DR RN TR ROE MU S &, - At AT iy Th &
%/1>? (A)6.6kl, (B) 9.9 kJ, (C) 13.2 ki, (D) 19.8 kJ.
HHEAEIE R IF = (120 + 2.3))MN > 8 — 6 E S HIf i — R T
—{EfiIf% A7 = (3801 + 460/)m.>K(1) FHEASFTEEITH? (A) 755 MY, (B) 1510 MJ,
(C) 2265 MJ, (D) 3120 MJ; (2){F FH JJE{ITfEHY A& ? (A) 12°, (B) 24°, (C) 36°, (D)
48°
TE A2, KPS BESRET I ER R AV TR ALY By 1 kW/m?, (iR B 15
m? 2 5E AR PSREMRIN &, © A6 % A AR A BEUCEE 40 kW - h HYRER?(IE
REE 1 Ml CHPTHEARYEER) (A) 1.6h, (B) 2.0h, (C) 2.4h, (D) 2.7h
e 25 SRR (E A 2 58 AR R AV RS 2 11 m, SR E BRI Ry k = 250 N/m, 401
SRRk TR N i R e, A R R R R R WA £ SK ()T E R R 4R Y
;7 (A) 5kJ, (B) 10 kJ, (C) 15 kJ, (D) 20 k. (2)SE4EZR iR 1% 1m ATy, LLEE
] 1 m Py EEAE R/ N {A]? (A) 11, (B) 21, (C) 31, (D) 41.
FEE R m BIYIER, 57 A W RS SR RS 1 RSB RS 2,40 T & AR, (IERE
AL 7K b, 580y AlE T REEEE 15 I YIRS P A, EL A1 EE A AT
H L BEEME u e (A) W, = —2wemgL, W, = —V2umgL, (B) W, = —mgL,
Wy, = —mgL, (C) W, = —V2mgL, W, = —2u,mgL, (D) W, = mgL,
Wy = mgL; Q)EEAE R EE H & FYEe 7 Al B b W R e AR e 1
T EnEEL 2,500 BlET R E ST LYYl © (A) W, = —2u,mglL,
Wy, = —2umgL, (B) W, = —mgL, W, = —mgL, (C) W, = —2u,mgL,
Wy, = =2umglL, (D) W, = mgL, W, = mgL.

" E o
@t 1,

(b)




12. — (@R F1E B ELE RS SN, BB & R /K B Ry = ax?,
Horta=0.95m™ AR TR AR B 9.2 m/s, I ELEHT B (i B R (2 (A)
+0.55m, (B) +1.1m, (C) +£1.7 m, (D) +2.1m

13. AR AR BA R E Gy si i, IR AT DUMBUS B I 4R T B A — K
4z 58 S BF = —kx + bx?,Hfk = 223 N/m,b = 410 N/m?, x E{HER,
WIER T 2.62 m, KEEFNUEZ 2 fiT 5. HUx=01FF U=0. (A) 185 J, (B) 371 J, (C)
556 J, (D) 741 J.

14. FE5C/BHIZK P BB & Fy 100g Y ARBE T W58 3 2~ AR [EE Eh, 40 1 B AT,
T SR AR BNy k= 110 N/m, o RBR4AE fy 20 cm, AR AL k =
240 N/m,2K (1) i EE 7 e KER%E=?  (A)-7.0 cm, (B) -10.5 cm, (C) -13.5 cm,
(D) -16.0 cm; (2)/RBEAE R85 ~ BV 22?2 (A) £6.63 m/s, (B) £8.63 m/s,
(C) £10.63m/s, (D) £12.63 m/s

Wi

15, —{EARBR T E RIS T R AT T, 20 N E AR, KRB IERT LR
BRI AT DASE T— Rl Z A [ h. (A) 3R/2, (B) 2R, (C) 5R/2, (D) 3R.

16. "B & Fym Z YIRS A T8 THIm 1E B 7 h g, 5885 B K M By EY)
BGERT EBAan S B8 EIG P Y R KBRS & K (A) (2mg/k)(1 +
V1+kh/mg), (8) (2mg/l)(1 + /1 + 2kh/mg), (C) (mg/k)(1 +
J1+kh/mg), (D) (mg/k)(1+/1+ 2kh/mg).

17. OB BEZIGE RN 34 ARIOE MU EEE NE 24 m 2 1%, LA —F
PRG-I R 167 RIS EE B N 38 m 2 1% N 5 1 3H, 0R (1)
TBEA R P EREHER? (A) 164 m/s,21.7m/s, (B) 21.7 m/s,

349 m/s, (C)20m/s, 30 m/s, (D) 30 m/s, 40 m/s; (2)ERHEZEL T HYENER (#
ks 0.11, T /K AT ARAE R B AR AR, RIVE BB 1E R P E A B 2R
#2? (A) 16.4m/s,21.7m/s, (B) 21.7 m/s, 349 m/s, (C)20m/s, 30 m/s, (D)
30m/s, 40 m/s

18. "B & fy 182 g WY ARBUHSHEMEF 8 sk = 200 N/m JBRAEE fy 15 cm YT 25
FH 25, R (1 I A AZE 1 /KT (B SR AR 2 -t (1 B R R S 1, LR R B
Ry =027, ILEEZVHA 85 em & 55 Ry—m) B OB S i aR 40 T & AT
ARSI N & G E IR TR T 1 B8 ARG F#E R A
PR 2 o SORRBRGRARAT (LA B AL B (FEFHRE P IEINV A ) - (A)



22.9cm, (C) 34.4 cm, (D) 45.8 cm, (D) 56.4 cm.

u =027

19. '8 8 Fy 710 kg HYSE B TREE HH—{E B RV SR 2 25 LBl -
Pl AL B, 40N @, 5 2 S SRk = 34 kN /m JEREHY R E 7.5 m,
SR ZE T TR B ER 4 0] P81 25 T 7R 1Y e/ NER 4 BE A < (A) 2.35 cm, (B) 2.50 cm, (C)
2.62 cm, (D) 2.77 cm.

20. [l H AR 3 F S SE AT WA {1 R i 5E Hh 4R BT Y B 23, £z 58 T DA A DUE
U=Uy+A(x —x0)* K £ 1, H b Uy=-0760a) , A=286a//nm?,
xo = 0.0741 nm, &% F~FHrfleE - WIRGEREE Fy -0.717 a), 3K F-RFEHV#D
E. (A) B 0.0689 nm & 0.0793 nm, (B) H 0.0618 nm & 0.0864 nm, (C) H
0.0655 nm % 0.0827 nm, (D) H 0.0555 nm % 0.0927 nm

—0.68 7
_—0.701
) \
‘Z . E=—0717al
B-072 N 7
S '\ BMWWWe /|
—0.74 7 EON 7 |
] I ’ |
0l
0.06 0.07 0.08 0.09

Atomic separation (nm)

21. BT (HEm = 1.67 x 107*"kg ) {E&MNIZREST > P E LR IIEEE]
3.6x 101 °m/s> AYHRME - B A9 2.4 x 107m/s FL3ES) T 3.5cm 1% >
R (1) ZEFHEE 2D 2 (A) 2.9 X 107m/s, (B) 5.8 X 10”m/s, (C)
2.9 X 108m/s, (D) 5.8 X 108m/s; (2) BT EFEAYIE & o] 2 (A)1.1x 10713,
(B) 2.1 x10713/,(C)4.2x 10713/, (D) 6.3 x 10713 .

22. H—/E & 15kg HYREERI 532 x diliE sy, E NN 2R 2 BV ek L, 40 N BT, L
e FLEITZIE R E Fyas = 24.0m/s? o EHEEHx = 0F2E) £x = 8.0 miF » &
A L INERFE R JIE A REER _E A FTh {2 (A) 1.0 x 103 ], (B) 1.2 x 103,
(C) 1.4x 103/, (D) 1.6 x 103 ]



d,

a (m/s?)

% 2 4 6 3

X (m)

23. KR 0.50 kg HYEELL 4.00 m/s #)EEHTE HAE B EEIZNEASEE

24.

25.

0.80 m o & A FAHAR] » 2RI EEEE — IR AGH IR
%/1>? (A)0.02J, (B)0.04 J, (C) 0.06 J, (D) 0.08 )

—fH 1.50 kg FHEIEKLL 20.0 m/s HYFERRH RS E 7 1A By/KSE A | 34.0°F
soK (1) HAda@EhEe fy26/) 2 (A) 100 J, (B) 200, (C) 300 J, (D) 400 J; (2) ‘&=
BRUE BT BERS 22 A = A ISF » BEBK — MR RSV E T REiE B 2% /D ? (A)
63.8 J, (B) 73.8 J, (C) 83.8 J, (D) 93.8 J; (3) HBERMI A =EE%/1? (A) 6.38 m,
(B) 9.57 m, (C) 12.76 m, (D) 19.04 m.

TAMER—(# 23 kg HUARFE MR EZRRTHE 8.4m > [ B/KSERTT 32°F ©
5 ARNFR AR Y B EE 58 Ry 0.20 - Il (1) T AH I ERITh Refe 2 (1)
435, (2) 653 J,(3) 870 J, (D) 1306 J; (2) RFg —HEK 24 AV ELEEG &= Ry fel 2 (1)

435, (2) 653 J, (3) 870 J, (D) 1306 J.



You slide a box of books at constant speed up a 30° ramp, applying a force of 200
N directed up the slope. The coefficient of sliding friction is 0.18. (1) How much
work have you done when the box has risen 1 m vertically? (A) 200 J, (B) 400 J, (C)
600 J, (D) 800 J; (2) What’s the mass of the box? (A) 15.5 kg, (B) 31.0 kg, (C) 46.5
kg, (D) 62.0 kg.

How much work does a force F = (671 + 23] + 55k)N do as it acts on a body
moving in a straight line from 77 = (161 + 31j)m to 7, = (211 + 10j + 14k)m ?
(A) 335, (B) 483 J, (C) 622 J, (D) 770 J.

At what rate can a half-horsepower (1 hp = 746 W) well pump deliver water to a
tank 80 m above the water level in the well? (Give your answer in kg/s). (A) 373
kg/s, (B) 38.1 kg/s, (C) 0.47 kg/s, (D) 0.94 kg/s.

A 1400-kg car ascends a mountain road at a steady 60 km/h, against a 550-N

force of air resistance. If the engine supplies energy to the drive wheels at the

rate of 38 kW, what’s the slope angle of the road? (A) 7.2°, (B) 14.4°, (C) 21.6°, (D)
28.8°

. The energy in a batted baseball comes from the power delivered while the bat is

in contact with tha ball. The most powerful hitters can supply some 10
horsepower (1 hp = 746 W) during the brief contact time, propelling the ball to
over 100 miles per hour. The figure shows data taken from a particular hit, giving

the power the bat delivers to the ballas a function of time.

6

EE (kw)

0 {}_'E]_‘! {)t] (},llﬁ 0.2
R (s)
(1) Which of the following is greatest at the peak of the curve?
(A) The ball’s kinetic energy
(B) The ball’s speed
(C) The total work the bat has done on the ball
(D) The rate which the best supplies energy to the ball
(2) The ball has its maximum speed at about
(A) 85 ms
(B) 145 ms
(C) 185 ms
(D) Whenever the force is greatest
(3) As a result of being hit, the ball’s kinetic energy increases by about
(A) 550



10.

11.

(B) 1.3 kJ

(C) 7.0kJ

(D) You can’t tell because you don’t know its speed coming from the pitcher.
(4) The force on the ball is greatest approximately

(A) at 185 ms

(B) before the peak in the figure

(C) at the peak in the figure

(D) after the peak in the figure but before 185 ms
After a tornado, a 0.5-g drinking straw was found embedded 4.5 cm in a tree.
Subsequent measurements showed that the tree exerted a stopping force of 70 N
on the straw. What was the straw’s speed? (A) 27.5 m/s, (B) 55 m/s, (C) 82.5 m/s,
(D) 110 m/s.
Workers pushing a 180-kg trunk across a level floor encounter a 10-m-long region
where the floor becomes increasingly rough. The coefficient of kinetic friction

here is given by u, = py + ax?, where py, = 0.17, a = 0.0062m™=?2

, and x is
the distance from the beginning of the rough region. How much work does it take
to push the trunk across the region? (A) 6.6 kJ, (B) 9.9 kJ, (C) 13.2 kJ, (D) 19.8 k.

A tugboat pushs a cruise ship with force F= (1.21 + 2.3j)MN, moving the ship
along a straight path with displacement A7 = (3807 + 460/)m, Find (1) the
work done b the tugboat: (A) 755 MJ, (B) 1510 MJ, (C) 2265 MJ, (D) 3120 MJ; and
(2) find the angle between the force and displacement: (A) 12°, (B) 24°, (C) 36°,
(D) 48°.

In midday sunshine, solar energy strikes Earth at the rate of about 1 kW/m?2. How
long would it take a perfectly efficient solar collector of 15-m? area to collect 40
kWh of energy? (Note: This is roughly the energy content of a gallon of gasoline.)
(A) 1.6h, (B) 2.0h, (C) 2.4h, (D) 2.7h

An elastic cord used in bungee jumping is normally 11 m long and has spring
constant k = 250 N/m. At the lowest point in a jump, the cord length has doubled.
(1) How much work has been done on the cord? (A) 5kJ, (B) 10 kJ, (C) 15 kJ, (D) 20
kl. (2) As the cord stretches its final meter and first meter, respectively, what’s the
ratio of the work done between them? (A) 11, (B) 21, (C) 31, (D) 41.

(1) Determine the work you would have to do to move a block of mass m from
point 1 to point 2 at constant speed over the two paths shown in the figure. The
coefficient of friction has the constant value p over the surface. Note: the
diagram lies in a horizontal plane. (A) W, = —2u,mgL, W, = —/2u,mgL, (B)
W, = —mgL, W, =-mgL, (C) W,=—V2uemgL, W, =—2umgL, (D)
W, = mgL, W, = mgL. (2) Now take the figure to lie in a vertical plane, and

find the work done by the gravitational force as an object moves from point 1 to



12.

13.

14.

15.

16.

point 2 over each of the paths shown. (A) W, = —2u,mgL, W, = —2u,mgL,
(B) Wy = —mgL, W, = —mgL, (C) W = —V2uemgL, W, = —2umgL, (D)
W, =mgL, W, = mgL.

¢ E o
@[ 1,

(b)

e

1
A particle slides back and forth on a frictionless track whose height as a function

of horizontal position x is y = ax?, where a = 0.95m™. If the particle’s maximum
speed is 9.2 m/s, find its turning points. (A) +£0.55m, (B) +1.1m, (C) +£1.7 m,
(D) +£2.1m

Popes used in rock climbing are “springy” so that they cushion a fall. A particular
rope exerts a force F = —kx + bx?, where k = 223 N/m, b = 4.10 N/m?, and
x is the stretch. Find the potential energy stored in this rope when it’s been
stretched 2.62 m, taking U =0at x=0. (A) 185 J, (B) 371 J, (C) 556 J, (D) 741 J.

A 100-g block slides back and forth on a frictionless surface between teo springs,
as shown in the figure. The left-hand spring has k = 110 N/m and its maximum
compression is 20 cm. The right-hand spring has k = 240 N/m. Find (1) the
maximum compression of the right-hand spring: (A) -7.0 cm, (B) -10.5 cm, (C)
-13.5 cm, (D) -16.0 cm; and (2) find the speed of the block as it moves between
the springs: (A) £6.63 m/s, (B) £8.63 m/s, (C) £10.63 m/s, (D) £12.63 m/s

WL T

A lock slides on a frictionless loop-the-loop track shown in the figure. Find the

minimum height h at which it can start from rest and still make it around the loop.
(A) 3R/2, (B) 2R, (C) 5R/2, (D) 3R.

A mass m is dropped from height h above the top of a spring of constant k

mounted vertically on the floor. Find the spring’s maximum compression is (A)

(2mg/k)(1 ++/1+kh/mg) , (B) (2mg/k)(1+.1+2kh/mg) , (C)
(mg/k)(1 + 1+ kh/mg), (D) (mg/k)(1+ 1+ 2kh/mg).
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18.

19.

20.

A skier starts down a frictionless 34° slpoe. After a vertical drop of 24 m, the
slope temporarily levels out and then slopes down at 16°, dropping an additional
38 m vertically before leveling out again. (1) Find the skier’s speed on the two
level stretches. (A) 16.4m/s, 21.7 m/s, (B) 21.7 m/s, 349 m/s, (C) 20m/s,
30m/s, (D) 30 m/s, 40 m/s (2) Repeat problem (1) for the case when the
coefficient of kinetic friction on both slopes is 0.11, while the level stretches
remain frictionless. (A) 16.4m/s, 21.7 m/s, (B) 21.7m/s, 34.9m/s, (C)
20m/s, 30m/s, (D)30m/s, 40 m/s

A 182-g block is launched by compressing a spring of constant k = 200 N/m by
15 cm. The spring is mounted horizontally, and the surface directly under it is
frictionless. Bur beyond the equilibrium position of the spring end, the surface
has frictional coefficient p = 0.27. This frictional surface extends 85 cm, followed
by a frictionless curved rise, as shown in the figure. After it’s launched, where
does the block finally come to rest? (Measure from the left end of the frictional
zone) (A) 22.9 cm, (C) 34.4 cm, (D) 45.8 cm, (D) 56.4 cm.

s

An 710-kg roller-coaster car is launched from a giant spring with k = 34 kN/m

p =027

into a frictionless loop-the-loop track of radius 7.5 m, as shown in the figure.
What’s the minimum spring compression that ensure the car stays on the track.
(A) 2.35cm, (B) 2.50 cm, (C) 2.62 cm, (D) 2.77 cm.

Very near the bottom of the potential well in the figure, the potential energy of
the two-atom system given approximately by U = U, + A(x — x,)?, where
U, =-0.760aJ, A =286aJ/nm?, and x, = 0.0741 nm is the equilibrium
separation. What range of atomic separations is allowed if the total energy is
-0.717 aJ? (A) from 0.0689 nm to 0.0793 nm, (B) from 0.0618 nm to 0.0864 nm,
(C) from 0.0655 nm to 0.0827 nm, (D) from 0.0555 nm to 0.0927 nm
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A proton (mass m = 1.67 x 10 kg) is being accelerated along a straight line at
3.6 x 10" m/s? in a machine. If the proton has an initial speed of 2.4 x 10’ m/s
and travels 3.5 cm, (1) what is its speed? (A) 2.9 X 10”m/s, (B) 5.8 x 10”m/s, (C)
2.9 X 108m/s, (D) 5.8 X 108m/s; and (2) what is the increase in its kinetic energy?
(A)1.1x 10713 /,(B) 2.1 x 10713/, (C)4.2x 1073, (D) 6.3 x 10713 .

A 15 kg brick moves along an x axis. Its acceleration as a function of its position is
shown in the figre. The scale of the figure's vertical axis is set by as = 24.0 m/s°.
What is the net work performed on the brick by the force causing the
acceleration as the brick moves from x = 0 to x = 8.0 m? (A) 1.0 x 103/, (B)
1.2 x103J,(C) 1.4 x 103/, (D) 1.6 x 103 ]

ayg

a (m/s?)

0

0 2 4 6 8
x (m)

A 0.50 kg banana is thrown directly upward with an initial speed of 4.00 m/s and
reaches a maximum height of 0.80 m. What change does air drag cause in the
mechanical energy of the banana—Earth system during the ascent? (A) 0.02 J, (B)
0.04J, (C) 0.06J, (D) 0.08)

A 1.50 kg snowball is shot upward at an angle of 34.0° to the horizontal with an
initial speed of 20.0 m/s. (1) What is its initial kinetic energy? (A) 100 J, (B) 200 J,
(C) 300 J, (D) 400 J; (2) By how much does the gravitational potential energy of
the snowball-Earth system change as the snowball moves from the launch point
to the point of maximum height? (A) 63.8 J, (B) 73.8 J, (C) 83.8 J, (D) 93.8 J; (3)
What is that maximum height? (A) 6.38 m, (B) 9.57 m, (C) 12.76 m, (D) 19.04 m.

A worker pushed a 23 kg block 8.4 m along a level floor at constant speed with a
force directed 32° below the horizontal. If the coefficient of kinetic friction
between block and floor was 0.20, (1) what was the work done by the worker's
force? (1) 435 J, (2) 653 J, (3) 870 J, (D) 1306 J. and (2) what was the increase in
thermal energy of the block—floor system? (1) 435 J, (2) 653 J, (3) 870 J, (D) 1306



1. (1)B,(2)B.
2. C

3. C

4. A

5. (1)D,(2)C, (3)A, (4)B
6. D

7. A

8. (1)B,(2)A

9. D

10.(1) G, (2) B
11.(1)A (2)B
12.D

13.D

14.(1)C, (2) A

15.C

16.D

17.(1) B, (2) C
18. A

19.D

20.B

21.(1) A, (2) B

22.C

23.D

24.(1)C, (2) D, (3) A
25. (1) A, (2) A



1.

INTERPRET The problem is about calculating work, given force and displacement. The object of interest is the
box, which is being pushed up a ramp. For part (b) of the problem, we consider the work-energy theorem.
n

DEVELOP Make a free-body diagram of the box (see figure). Use Equation 6.5, JJ’ = . A7, to calculate the
work done in pushing the box up the ramp.

EVALUATE (a) The box rises Ay = 1 m vertically. This means that the displacement up the ramp (parallel to the
applied force) is

Ay Im
sin{@)  sin{30°)

-2

Therefore, the work done during this process is

W, =F_-AF=(200 N}(2 mjcos{0°)=400 J

app

because the angle between the applied force and the displacement vector is 0°.

(b) To find the mass, we first note that the work done by gravity 1s

W, = 1~ “Ar = (—mg_}') (&rf+ .ﬁ"l‘j} =—mgArv =—mgdrsing

The work done by friction 1s

W, = f AP =—fAr=—pnhr=—u 1'_ mgcos ()i] Ar
where in the last step we have used n — mgeos(8) = 0, which results from applying Newton’s second law to the box
in the direction perpendicular to the incline. Because the speed of the box remains unchanged, the work-energy

theorem IV = AK, says the total work must be zero:

W, =W, _+W_+W,=0

app £
This implies
W =W -W, =mghrsm0+ p I mig cos t’):l Ar = mg.-\rli sind+ (;us{)t]

from which the mass is found to be
W, ' 200N
gArisingd+ ‘ul__cosc‘).] gl::s'm(} b4 cOs (J:I (9,3111,-"53]._5'1;1(_ 30 ] 4 (_t'_l,lS:]cos[jji'_ll ]J
=3lkg

it

2.

INTERPRET This problem involves finding the work done by the given force vector that acts through the given
displacement.

DEVELOP Use the general form of the expression for work, Equation 6.5: J” = F'- A7, with
F=67i+23j+55 N and
AF =7 -7 = (2] —Iﬁl:l;+1.Itl—31)_;+(1-1—f}';|!; m
=521+ 14k

EVALUATE Inserting the given force and displacement into Equation 6.5 gives

W = [67f+ 23+ 55k N) -[_sf “21+ 14k m)F (AF = (335~ 483+ 770) Nm = 622



INTERPRET In this problem the pump (with a given power) is doing work against gravity to deliver water to a
tank above the ground. The quantity of interest 1s the amount of water that the pump can deliver during a given
time interval.

DEVELOP According to Equation 6.15, if the average power is P, then the amount of work done over a period
Aris AJV = PAt. Because the work required to lift an object of mass m to a vertical height / 1s IV = mgh, the rate

at which the mass can be delivered is

AW Am) Am P
= l J gn y — =
At LA At gh

D

In ST umts, 1 hp =746 W.

EvALUATE Using the expression above, we find the rate at which water is delivered to the tank to be
Am P 3 ({)_5 hp){?fl() Wz’hp)
A gh (9.8 mfsz](SU m)

=047 kg/s

4.

INTERPRET In this problem a constant average power is supplied to the car as it climbs a slope against the air
resistance. We want to know the angle of the slope if the car is moving at a steady speed.

DEVELOP At constant velocity, there is no change in kinetic energy, so the net work done on the car is zero.
Therefore, the power supplied by the engine equals the power expended against gravity and air resistance. The
power can be found from Equation 6.19. P = f V.

EVALUATE Because gravity mg makes an angle of +90° with the velocity v (where 1is the angle of the slope

with respect to the horizontal), the power expended against gravity is

P =mg-v= mgi-‘cos[:.9+ 9(1':':|_ —mg‘.-‘sin( o)
Similarly, the air resistance makes an angle of 1807 to the velocity, so
F:ur = }_Talf ’ ‘J:. = F;”_'lf'COS‘. ] Ri-r ‘:I = _F\u'p

In ST units, v = 60 km/h = 16.7 m/s. Because the car moves at a constant speed, P =P _+P +P_=0,0r

P =-P -P =mgvsind+F v

Lar
Solving the equation gives

. [P. —F.v] .| 38000 W —(550 N)(16.7 m/s)
6 =asin| =29 | =ga4in - =77°
(1400 kg)(9.8 m/s*)(16.7 my/s)

mgv

5.
(1)

INTERPRET We’re asked to analyze a graph of the power a bat imparts on a ball as a function of time.
Deveror The power, by definition is the rate at which the bat supplies energy to the ball.

EvALuATE The peak in the power is where the bat is delivering energy to the ball at the greatest rate.

The answer is (c).

(2)

INTERPRET We're asked to analyze a graph of the power a bat imparts on a ball as a function of time.
DevELOP As argued in the previous problem, the speed continues to increase as long as the power is non-zero.
EvALUATE The speed will reach its maximum at the end of the hit, which occurs around 0.185 s on the graph.

The answer is (¢).

(3)



INTERPRET We're asked to analyze a graph of the power a bat imparts on a ball as a function of time.

DeveLor  The change in the kinetic energy 1s equal to the work done by the bat: AKX =) = |‘P df. We can
estimate this integral by roughly determining the area under the curve in the graph.

EvaLuATE Each square in the grid has an area of AJJ" =1 kW .0.01 s =10 J. There are roughly 55 squares under
the curve in the graph. so the total work done 1s 5350 J, which 1s also the increase in the kinetic energy.

The answer is (a).

(4)

INTERPRET We're asked to analyze a graph of the power a bat imparts on a ball as a function of tume.
DEVELOP We can assume that the force provided by the bat and the velocity of the ball are parallel. Therefore,
the bat force is given by: /= P/ vy, The power is maximum at the peak in the graph, f I .whereas the velocity
constantly increases while the ball and bat are in contact (recall Problem 6.91).

EvaLuaTE We can rule out answer (a), since the power is zero there, which implies the force is too. Near the

peak, the power is not changing much (the derivative with respect to time is zero at the maximum). Therefore, at a

point slightly before the peak, the power is essentially the same, but the velocity is smaller by some amount we

will call Ay, The force at a point before the peak can be approximated as:

P \
2 P Ap !

rd before i e _FE ‘ o

- N ¥ | I+ ) J’:-'-'f

ey v, Ay V)
where we have used the binomial approximation from Appendix A: (1 x) s 1+ x for x « 1. By asimilar
argument, F_ < Fr .- so the force is greatest just before the peak.
The answer 1s (c).
Assess  One might question the reasoning above. If the velocity were changing more slowly than the power near
the peak, then the force would be maximum at the peak, not before. However, we can show that this leads to a
contradiction. The derivative of the force with respect to time 1s zero when the force i1s maximum:
E_iv’J_Lﬁ_ﬁﬁ_n
dt  dt

Assuming the maximum force occurs at the peak, then the derivative of the power would also be zero

v

(dP/di=0 ] since the peak is a maximum of the power as well. The equation above reduces to v/ df = (), which
implies zero acceleration, zero force. But that contradicts the assumption that the peak is a maximum of the force.

In conclusion, the maximum force has to occur before the peak.

6.

INTERPRET This problem involves work and the work-energy theorem. Given a force acting on an object and the
distance over which the force acts, we are asked to find the initial velocity of the object.
DEvVELOP The work-energy theorem, Equation 6.14 (17, = AK) tells us that the net work done on the straw is its
change i kinetic energy, which involves the straw’s initial speed. Because the stopping force acts in the same
direction as the straw’s displacement in the tree (i.e., it’s a one-dimensional problem), and assuming the stopping
force is constant, we can use Equation 6.1, W= F Ax to find the net work done on the straw by the tree. Because the
force of the tree acts to oppose the displacement of the straw, the work 1s negative : W =—F x, where x = 4.5 cm.
Equating this to the change in kinetic energy by the work-energy theorem allows us to find the imitial velocity of
the straw.
EvALUATE Equating the work done by the tree to the change in the straw’s kinetic energy, then solving for the
initial speed of the straw gives

(=

v, =

I

W =-Fx="

net

kY

{3;.-_. 2(70N [ 0.045])
Vo=t v 7[ ][ - - =110m/s
' m 052107 kg

to two significant figures. Because the plus/minus sign simply indicates an mitial velocity to the left or to the night,
we have arbitrarily chosen the positive sign.
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INTERPRET

x, X
W=/#kmgdx=/mg(}nﬂ+m2)dx °
X X

BRE D RMAFAK 69 Iy o M H wEF
ot — AR dy B — 1A% xdy o HFAERX 6.9 Thrar
FM B BEA X3 BRERS

X

%
W = f me(y + ax?)dx = mg(pgx + %axa)
X

n

= mg[(poxs + saxs’) = (mox + 3ax/)]

B pycasm AR g=98m/sT KA e ET
PR 2 AR R R0 R & x, = 0 ¥ x, = 10m » &A1
R0 AR S 6.6KI ¢

SREA: BMEAELML?RE 6.13 Them K ERA A
RN L 1.3 KN e RS EAE K A 56 48 10
m B AT EY TAF A 13 KN o 12 F 4 By B R AE
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This problem is an exercise in converting from power to energy. We are to find the area needed to

collect a given amount of energy given the parameters of solar radiation reaching the Earth’s surface.
DEvVELOP  If we multiply the power density hitting the surface of the Earth (1 kW/m®) by the surface area (m’) of
our perfectly efficient solar collector, we get power (kW). This can be seen by dimensional analysis:



()
“%Jm”fkw
\—l’ﬁ

&

]

The relationship between average power and time is given by Equation 6.14, P = AI¥'/At, which we can use to
solve this problem, given that the energy desired 1s AW = 40 kW-h.
EVALUATE The time it takes to collect AW = 40 kW-h is thus

40mvn:Pm:ﬁkwmemmjar

At

40 W -h

=27h
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INTERPRET In this problem we want to find the work done by the frictional force in moving a block from one
point to another over two ditferent paths. Friction is not a conservative force, so mechanical energy is not
conserved.

DEVELOP Figure 7.15 is a plan view of the horizontal surface over which the block is moved, showing the paths
(a) and (b). The force of friction 1s ) ;’l = M= pmg (see Equation 5.3) and is directed opposite to the

displacement. Because f; 1s constant, we use Equation 6.11,

W=|F-dF
n
Because the friction force is directed opposite to the displacement . the scalar product introduces a negative
sign. For path (a), Equation 6.11 takes the form

W= | o= [ fdv=—1(x,~x )= /i y.- )
E »
where x; =0, y; =0, x, =L, y, = L. For path (b), we use radial coordinates, and Equation 6.11 takes the form

V,= [Fdi = fAr
R
where Ap=AJ '+ = \/5 [.. and the scalar product gives the negative sign because friction always acts opposite
to the displacement.
EVALUATE The work done by friction along path (a) 1s thus

W = —‘f.g‘_mg["_’L)

The work done by friction along path (b) is

- J’__‘ 1 mgl

INTERPRET This problem involves calculating the work done by a conservative force (gravity) and comparing
the result obtained for the work done over two different paths.

DEVELOP Take the origin at point 1 in Fig. 7.15 with the x axis horizontal to the right and the y axis vertically
upward. Use the same equation for work as we did in Problem 7. 10 (Equation 6.11), but this time the force
mvolved is the force of gravity: f,; = mg;- For path (a), we use Cartesian coordinates, so J# dvi + d”
Inserting }_i mto Equation 6.11 for path (a) thus gives

J‘(mg,f)jf I(J?rg,r) dyj = mg[1 \l

3

For path (b), we will use radial coordinates, so Equation 6.11 takes the form

=yl =L eI
W, = _[ mgj-dr = | ”73003("|5")dl'= ::f j mgdr

EVALUATE Inserting the initial and final positions into the expression for path (a) gives W, =-mglL. For path
(b), we find

H';’ B ﬂ?g["_: ’_:_ mS(J_I “)_ ’ﬁ&!

\/,:, \

12.



INTERPRET This problem involves conservative forces and conservation of total mechanical energy. At the
maximum height of the particle, we know its kinetic energy is zero and its potential energy i1s maximum. We will
define the zero of potential energy as the particle’s lowest position, where its kinetic energy will be maximum. We
are asked to find the turning point of the particle, which is the x position where the particle stops rising and begins
to fall again.

DEVELOP The particle’s trajectory is given by the formula y = ax’, with a = 0.95 m™. The particles potential
energy is U= mgy, and its kinetic energy is K = mv*/2. Conservation of total mechanical energy tells us that the
sum of these two quantities is conserved, and we can find that constant because we are told that the maximum
speed (i.e., maximum kinetic energy) is 9.2 m/s, which must occur at the point where the potential energy is

minimum (1.e., y = 0). Thus, we have

—mv. =K
ﬂ_ mas ma

where K., 1s constant and is the total mechanical energy, which is conserved. We can insert this into the general
expression for total mechanical energy to find the turning point of the particle, because we know that the particle
kinetic energy will be zero at the turning point.

EVALUATE The total mechanical energy is

. . I PR
K =U+K=mgyt A mg(ax”)+ - mv

0, so we have

- 1 < =
K max E]‘ﬂ Vi = ME ( X ym ]

At the turning point, v

L=i(‘).2 111.-"5) I !

2ga qz(QSnuy]@195nlﬂ

= ]
B max

=12.1m

'\mm
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INTERPRET The two forces acting on the block are those applied by the springs, so they are conservative forces.
In the absence of friction and air resistance, we can apply conservation of total mechanical energy.

DEvELOP When the left hand spring is at its maximum compression, the block is instantaneously motionless, so
the total mechanical energy of the block/springs system is just the elastic potential energy of the left-hand spring,

so U™ =k x; ;’3. At the opposite end, the total mechanical energy is U™ =k, x; / 2. Between the springs the

total energy is just the kinetic energy, so U;_,""" =my* ;”_‘. By conservation of total mechanical energy, we can equate
all three energies to find the compression x_ of the right-hand spring and the speed v of the block between the
springs.

EVALUATE (a) At the right-hand end, the spring compresses a distance

= I k—]“ =—(0.2 111) m ==13.5¢cm
ke 240 N/m

where we have chosen the negative sign because the right-hand spring compresses.

(b) The speed of the block between the springs is

ko x} _ mv?
2 2
k 110 N/
v=tx, [ =£(0.2m) [—— = £6.63 m/s
Nm 0.1kg

15.

INTERPRET Because the track 1s frictionless (and we 1gnore air resistance), the only force acting on the block 1s
gravity, which is a conservative force. Therefore, we can apply the conservation of total mechanical energy to this
problem. We will choose the zero of gravitational potential energy to be the base of the loop.

DEVELOP Apply conservation of total mechanical energy, Equation 7.7 (U, + K, = U+ K). The initial total
mechanical energy is just the gravitational potential energy because the speed (1.e., kinetic energy) 1s zero at the
start. Therefore, U, = mgh. The energy at the top of the loop is U/ + K = 2mgR +m*/2, where R is the radius of the
loop (see higure below). For the block to stay on the track, the centripetal acceleration of the block must exceed the

acceleration due to gravity at the top of the loop, or v/R = g.

EvALUATE Equating the two expressions for total mechanical energy and using the minimum speed criterion
gives

1 .
mgh=2mgR+ —mv’

“

vi=2gh 4gR=gR

5

16.



INTERPRET This problem involves the forces of gravity and of an elastic spring, both of which are conservative
forces. Therefore, we can apply conservation of total mechanical energy. We take the zero of the gravitational
potential energy the height of the spring in equilibrium.

DevELOP To apply conservation of total mechanical energy (Equation 7.7), we need to express the total
mechanical energy for the block before it 1s dropped and when the spring is maximally compressed by the block (at
which point the block 1s instantaneously motionless, see figure below). For the former, we have U, + K, = mgh.

For the latter, we have U+ K = ky’/2 — mgy, where y is the distance from equilibrium that the spring is compressed.

—[m]

h

EvaALUATE Equating the two expressions above for total mechanical energy and solving for the maximum spring
compression ) gives

1
mgh=—ky" —mgy
LA: } ¥ [ —mg :L" + L'j—mgfr} =0

= -
+ Imig’ + 2kmgh  mg
y=l8ZNTE mg;—%(l--w/l---ﬁkl?/mg)

k

17.

INTERPRET In this problem we are asked to find the speed of the skier at two different locations, given that the
downward slope has a coefficient of friction z4, = 0.11. Because friction is a nonconservative force, we cannot
apply conservation of total mechanical energy. Instead, we must use the concept of work done by a force combined
with total mechanical energy.

DEvVELOP  We find the work done by the friction force and subtract this work from the total energy to find the
energy remaining after each slope The work done by friction skiing down a straight slope of length L is

- [ R
W,=-fL=-unl=—ul mgcosﬁ!l —?HJ =~ mghcoté
’ ' ' ' " sind)

where f;= [.sin# is the vertical drop of the slope. Conservation of energy applied between the start and the first
level section now gives AKI + AU, = i-‘I-'r_ 4o OF

1 .
SV, = mg( D mgl: Yy, —yyleot@

=

Similarly, for the motion between the top and the second level, we must include all the work done by friction, so

AK, + AU =W, +W,

or

Smv.=mgly,—y.|- ;g_mgli Yoy, __]col a,.- _ukmg(}-'_.\_ - V. _}cot a,.

EVALUATE  Solving the equation fory_ we obtain



v, = \/ 2g { V.o ¥, ):l ~ i, cotd

A

,FE = V'IE(Q_S m,e’s"')i 25 m ][] ~-0.1 ]cot(.’i’-’_"‘;]} =20ms5s

Similarly, for y_ we have

] ' v ' Y ' v
v, = \l 2 g‘ (V=¥ j —uly,—vy, qul 6y, —y. jcut o,. l

JZ(QR m/s* )‘ 63 m | 0.11 ]( 25m )cu[ (.330) (('J_] l]i 38 m :Icol ( Z(IC'}

30 m’s

Assgss  Let’s consider the case where 4 = 0.In this limit, the results become

A \/Eg[ Vo=Vl = JE(‘).S m.-*‘s"")(jﬁﬁ m] =22 m/s

&

V.= .Jﬁg[ Vo= V. \ = \,!3(9.8 m.-’s")(ﬁ_% m ] =35mss

which are the same as the result of Problem 5.19 for the frictionless case.

18.

INTERPRET In this problem we want to find the final position of a block after being launched from a compressed
spring. Its path involves a frictional surface followed by a frictionless curve. There forces acting on the block are
conservative (gravity and the elastic force) and nonconservative (friction). We will define the block’s mitial
position as the zero of gravitational potential energy.

DEVELOP  The energy of the block when it first encounters friction 1s completely kinetic and, by conservation of
total mechanical energy (Equation 7.7) it is equal to the 1mitial elastic potential energy of the block/spring system:

Upon crossing the friction zone, the work done by the friction is
Fl.!!u‘. . )uk ”"gL

Depending on the ratio of K /W |, the block will move back and forth several times before losing all its energy
and coming to rest.
EvALUATE Initially the block has an energy

K, l“k.\"‘ 1[21:10 Nmj(0.15m| =2.257

The work done by the friction is

AE =W, =-mgL=~(0.27)(0.18 kg)(9.8 m/s*)(0.85 m) = ~0.404 J
Because K f‘, |II‘ = 5.27. five complete crossings are made, leaving the block with energy
K=K,-5|W,|=0.109] on the curved side. This remaining energy is sufficient to move the block a distance

i
5 K = 0.109J =0.229 m

" wmg (0.27)(0.18 ke)(9.8 mis?)

so the block comes to rest 85 cm — 22.9 em = 62.11 cm to the right of the beginnmg of the friction patch.
19.



INTERPRET The object of interest is the roller coaster that, after being launched from a compressed spring,
moves along a frictionless circular loop. The physical quantity we are asked about 1s the minimum compression of
the spring that allows the car to stay on the track. To find this, we will need to apply Newton’s second law as well
as conservation of mechanical energy.
DEVELOP  If the car stays on the track, the normal force applied by the track must be greater than zero and the
radial component of the cars acceleration is @ =v/R. Applying Newton’s second law to the roller coaster gives
mv* . 5

n =t mgecos@ =0 — v =—gRcosO

The function - ¢os{ is maximal at the top of the loop (€= 180°, see figure below), so .__r = gR is the condition for

the car to stay on the track all the way around. This is the result obtained in Example 5.7.

With the minimum speed at point B determined, apply conservation of total mechanical energy (Equation 7.7), to
find the minimum compression length of the spring.

EVALUATE In the absence of friction, conservation of total mechanical energy requires

, T T, .. L
K +U, =K +U, —» 0+ ;Ax +mgy, = Smv, +mgy,

Solving for x, we obtain

SmgR

yi= ‘:[1 | Zg{:,\"g Ya ):|_ k

or

5(710kg) (9.8 m/s*)(7.5m
1-21[5”;{3”‘3: (110 ke)( X ) 277 m

34,000 N/m

20.
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21.

(a) From Table 2-1, we have v’ =v_ +2aAx. Thus,

v=v2 +2aAx = \/(2.4><10? mf’s)z +2 (3.6x10" m/s*)(0.035 m) =2.9x10” nvs.

(b) The initial kinetic energy is

i

K = %mv& =— (1.67x107"kg)(2.4x10’ m/s)2 =48x107 ],

1
2
The final kinetic energy is

(1.67x10 " kg)(2.9x107 m/s)z =6.9x10" 7.

| )
K, =—mv =
175

1
2
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The change in kinetic energy is AK=6.9 x 10721 -4.8 x 102 J=2.1x 1072 J.

22.



According to the graph the acceleration a varies linearly with the coordinate x.

We may write a = ax, where a is the slope of the graph. Numerically,

24 m/s’
Q,' T e—
8.0m

The force on the brick is in the positive x direction and, according to Newton’s second

=3.0s7.

law, its magnitude is given by ' =ma = max. |f x¢is the final coordinate, the work

done by the force is

X Ar max
W :j F dx= ma’j xdx= ¥
1] 0 2 f

(8.0 m)*=1.4x10" J.

_ (15kg)(3.0s57)
2

23.

Eq. 8-33 gives mgy, = K, +mgy, - AL, or

th?

(0.50 kg)(9.8 m/s%)(0.80 m) = % (0.50 kg)(4.00 /s)* + (0.50 kg)(9.8 m/s*)(0) — AEy,

which yields AEy, =4.00J-3.92J=0.0801.
24.

(a) The initial kinetic energy is K, = (1.5 kg)(20 m/s)* /2 =300 1.

(b) At the point of maximum height, the vertical component of velocity vanishes but the
horizontal component remains what it was when it was “shot” (if we neglect air friction).

Its kinetic energy at that moment 1s
| : 2
K = 5(1 5kg)[(20 m/s)cos34°]" =206 1.

Thus, AU=K,-K=300]-2061=93.81.

94

=06.38m.
(1.5 kg)(9.8 m/s*)

(c) Since A U=mg Ay, we obtain Ay =

25.



Since the velocity 1s constant, & =0 and the horizontal component of the worker's
push F cos & (where 8= 32°) must equal the friction force magnitude f; = s F. Also, the
vertical forces must cancel, giving:

FcosO0—-uF, =0
F,-Fsinf@-mg=0

which 1s solved to find /' =61 N.

(a) The work done on the block by the worker 1s, using Eq. 7-7,

W, =Fdcosf=(61 N)(8.4 m)cos(32") =435

(b) Since f; = 4 (mg + Fsin @), we find AE, = [,d =(52N)(8.4m)=436 I =W..



