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6.6 Work and Energy for the Spring Force

& i 31 A8 g Jidd) 6.6

1

Assume the barrel is 4.00 m long, with a
spring that extends the entire length of the
barrel. Further, the barrel is upright, so it
points vertically toward the ceiling of the
circus tent. The human cannonball is
lowered into the barrel and compresses the
spring to some degree. An external force is
added to compress the spring even further,
to a length of only 0.70 m. At a height of
7.50 m above the top of the barrel is a spot
on the tent that the human cannonball, of
height 1.75 m and mass 68.4 kg, is
supposed to touch at the top of his
trajectory. Removing the external force
releases the spring and fires the human
cannonball vertically upward.

1- What is the value of the spring constant
needed to accomplish this stunt?

2- What is the speed that the human
cannonball reaches as he passes the
equilibrium position of the spring?

s ey d 5 40 (4,00 m) e Sk of o2 8
cadld Jaa ) Ol celld o 33 Jalslly e ) Jsba
I o peall A il i U gae gy g8 1)
A A i 3l Jaral g Jaagal) (B Ay i) adaal) 44,38

aSH O & 4 50 ekl dua A B 68 ABLida) caad La
7.50 g\l e, ki (0.70 m) M Ash Juas S
02 el (a dapil) b Adati aa 55 e sll ded (G52 m
1.75 o Ui fday (Al oy ) pdal) 48,38 Lguali ¢
L jlua dad 3 ¢ (68.4 kg) LaliSy ) e
Adyi8 gliay g el 30 (3lhay A JLAJ) 3 680 A1) ) e
A ) Gagas 4 pdal) pdaall

fhagall 02a JLady o U & i3 il da La -1

tie ) 4838 L) Suai L3 A el La 2
0y 31 (131 65 Agrada 3 8 59 34

y(m) (a)

7.54

aSile s plua cra Ui guali Y

1 Al b i ghab 5L




2

A spring with spring constant & is oriented
vertically and compressed downward a distance
x from its equilibrium position. An object of
mass m is placed on the upper end of the
spring , and the spring is released. The object
rises a distance & (with 4#>>x) above the
equilibrium position of the spring. If the spring
is then compressed downward by the same
distance x and an object of mass 3m is placed
on it, how high will the object rise when the
spring is released?

b guian g 0 gas A ga K (Sl il g3 & i3
i g oy AN g i ga (e X ALy JAY
23 g o il g slal) Cahal) o 4Gl
A58 (h>>x) Cua h A8l amal) adii & i 1)
i 530 B i 13) 5530 0155 o g
Agde (3m) AlS anix puda g ol x Ablasal) (udiy
SN At die anad) Akl gL ) of M

h 3h

h/3 VR

A ball of mass m is thrown vertically

into the air with an initial speed v.

Which of the following equations correctly
describes the maximum height, A, of the ball?
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A bungee jumper locates a suitable bridge
that is 75.0 m above the river below, as shown
in Figure. The jumper has a mass of m =
80.0kg and a height of Ljumper=1.85 m. We can
think of a bungee cord as a spring. The spring
constant of the bungee cord is

k =50.0 N/m. Assume that the mass of the
bungee cord is negligible compared with the
jumper’s mass. The jumper wants to know the
maximum length of bungee cord he can safely
use for this jump

S qulia i o ) gladly L) 58 o 68y
b Easa s LS colial gl (352 75.0m gl
m = 80.0Kkg W _laia 4LS 4331 ) 1 JSid)

o S8 0 Uiy, Ljumper = 1.85m gl g
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At the moment of maximum stretching
of the bungee cord in Example 6.3, what
is the net acceleration that the jumper
experiences

(in terms of g = 9.81 m/s?)?

(bl JUall (B ALl Jaad aaai o Adiat b
¢ 8RN oY LSy A Adgal) Aasa g4 L

(g =9.81 m/s?)

0g 1.0g downward

1.0g
upward
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2.1g downward
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A block of mass 5.0 kg slides without
friction at a speed of 8.0 m/s on a
horizontal table surface until it strikes and
sticks to a horizontal spring (with spring
constant of £ =2000 N/m and very small
mass), which in turn is attached to a wall.
How far is the spring compressed

before the mass comes to rest?

8.0 ) 4s g dllsial ¢ 93y (31355 (5.0 kg) Lgalis ALis
iy (3uailis pabuai sin (A 1o oo o (/s
133 B ke 4SS (k = 2000 N/m) ol cully (381

D Jualla 098 gl g

ALY B gy o) S8 &y 3 Jaa a5 5 )

0.40m | 0.30 m

0.67m | 0.54m

A block of mass 0.773 kg on a spring with
spring constant 239.5 N/m

oscillates vertically with amplitude 0.551
m. What is the speed of this block

at a distance of 0.331 m from the
equilibrium position?

ol el el e (0.773 kg) Lelis Al
.(0.551 m) dewy Lages 355 (239.5 N/m)

O (0.331 m) 4Alace sic ALK 038 Aoy 2 L
- P
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A spring with & =10.0 N/cm is initially stretched
1.00 cm from its equilibrium length.

a) How much more energy is needed to further
stretch the spring to 5.00 cm beyond its
equilibrium length?

b) From this new position, how much energy is
needed to compress the spring to 5.00 cm
shorter than its equilibrium position?

Ll B aaiy k =10.0 N/em <ob Al &)
Q9 Adsha (e (1.00 cm) J)iay

¢l i 31 gaatd 4 glhae 4flay) A8Ul) (e oS (2
€055 Adsh (e 230 (5.00 cm) ()

4, gllaal) A3Ual) (e aS cuaad) g gall 138 e (b
(5.00 cm) JI8ey bl praant & i 31 Jiial
P45 dasa

9

A 5.00-kg ball of clay is thrown downward from
a height of 3.00 m with a speed of 5.00 m/s onto
a spring with k£ =1600 N/m. The clay compresses
the spring a certain maximum amount before
momentarily stopping.

a) Find the maximum compression of the spring.
b) Find the total work done on the clay during
the spring’s compression

Y (AL (5.00-kg) alis Jualal) (a8
& (5.00 m/s) 4= s (3.00 m) gL O
Jualall (k= 1600 N/m) <o 1 & i3
e bl (e Crra 3y & 530 e iy
Adaslt (38 gy o 48

N bl a8 aal) el (a

U Jualall Jo Jsial) Jrddl cal (b

¢ i 3 Jalial)
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A slingshot that launches a stone
horizontally consists of two light, identical
springs (with spring constants of 30.0 N/m)
and a light cup that holds a 1.00 kg stone.
Each spring has an equilibrium length of
50.0 cm. When the springs are in
equilibrium, they line up vertically.
Suppose that the cup containing the mass
is pulled to x = 70.0 cm to the left of the
vertical and then released.

Determine

a) the system’s total mechanical energy;
b) the speed of the stone atx =10

£ 99 (30.0 N/m s 48 5§ <l g (altilatia
Jeb Al d i) IS, (1.00 kg) 43S 13aa Jaay il
54 (A QS 3 (188 Lasie (50,0 em) &b )39
W ple gl o G Ll ¢lilaay Laghlh () 53Y)
ol A o 2B ALY o g ging

AR 5 a5 sl 1) pda gl Jead) ) x = 70.0cm
REEN

ALY 4,061 4,818 al) 8L (a

x =0 allde (b
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A slingshot that launches a stone vertically bl (S i) (m (38 Ll 12 (3l (i
consists of two light, identical springs (with £1295 (30.0 N/m &L 4uS i § il 5 (e

spring constants of 30.0 N/m) and a light cup Add i) JS, (0.100kg) 43S 1 3aa Jaay Cindd
that holds a 1.00 kg stone. Each spring has o SN (S Ladie (50,0 em) & OV Jsh
an equilibrium length of 50.0 cm. When the | stesh ) (a1, Ladi clalaay Lagild (o) V) g ga

springs are in equilibrium, they line up (o) A 3 28 ALY o (g glay (o)
horizontally. Suppose that the cup ALY a5 a1 Y il gl Jhud ) a x = 70.0
containing the mass is pulled to x = 70.0 cm dia
to down of the horizontal and then released. AU IS Al al) ABUY) (2
Determine x = Qs aallds i (b

a) the system’s total mechanical energy;
b) the speed of the stone atx =10
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A 0.500 kg mass is attached to a horizontal
spring with £ =100 N/m.

The mass slides across a frictionless surface.
The spring is stretched 25.0 cm

from equilibrium, and then the mass is
released from rest.

a) Find the mechanical energy of the system.
b) Find the speed of the mass when it has
moved 5.00 cm.

¢) Find the maximum speed of the mass

gl Al B8 & i 3 ddati pa (0,500 kg) ALis
pas g e A Gl (k= 100 N/m)
a9 (4 (25.0 cm) JIahay &y 3l aaad AliaY)
LO8Smadl ¢y ALY gMa) a5 () Y

LAl 4SS al) ABUal) Cua (a

5.00 cm Ak Latie A1) de puw cual (b
ALY ¢ gualdl) Aoyl Caen) (c

13

A 1.00 kg block compresses a spring for which
k=100 N/m by 20.0 cm; the spring is then
released, and the block moves across a
horizontal, frictionless table, where it hits and
compresses another spring, for which &k = 50.0
N/m. Determine

a) the total mechanical energy of the system,
b) the speed of the mass while moving freely
between springs, and

¢) the maximum compression of the second
spring

k=100 ) < 4155 Bl (1,00 kg) 4
& i 3 Al oty af ¢ (20.0 cm) L8 (N/m
iy dagae A88) A gla oo ALY & ai
k=750.0 )l Al AT Uyl Jaiali g andansli Eua
23 (N/m

AUAIL A0S Lilaal) AUt} (a

Ol (o 4 o S ja oL ALl Aoy (b
(P (il Jala ) sl (¢
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6.6 Work and Energy for the Spring Force

& 3 Al 5 J2id) 6.6

1

Assume the barrel is 4.00 m long, with a
spring that extends the entire length of the
barrel. Further, the barrel is upright, so it
points vertically toward the ceiling of the
circus tent. The human cannonball is
lowered into the barrel and compresses the
spring to some degree. An external force is
added to compress the spring even further,
to a length of only 0.70 m. At a height of
7.50 m above the top of the barrel is a spot
on the tent that the human cannonball, of
height 1.75 m and mass 68.4 kg, is
supposed to touch at the top of his
trajectory. Removing the external force
releases the spring and fires the human
cannonball vertically upward.

1- What is the value of the spring constant
needed to accomplish this stunt?

8 ey i3 Aag (4,00 m) Sreo Jsbo oo )
cald Jaall 8 3 o B e JalSlly (el Jgha
I o el A s gad U gae sy 548 1
A )y 5 dakdai g Jaa ) (B A pdal) adaad A8s38
ST S8 & 5 3 Jakaal dua LA 5 98 ABLa) Cuali La
7.50 g1, e, B (0.70 m) ) Ash Sy Aa
A hall G dadl) B Al aa g8 Jpa ) A (354 m
1.75 4ol ) iy (A oy pdadl pdaall 48338 gl
M s Aad ¢ ((68.4 kg) alis s 1 e
Adyi glhay g o i 5l gtk A LA B 1) A1) e
A A Gagas &y il adaall

agall 038 Jlad¥ o U1 ol i 3 cull dad L -1

aie Gl Al Ll Jual Al e sl La 22
8 il ) oS Amia ga 09 e

2- What is the speed that the human m= GS N kﬁ h B Vi 1 Y
cannonball reaches as he passes the
equilibrium position of the spring?
ym @ ) @ (@ © @ K =9
1 1‘ 5 Ey- Ee

15-135

1
*“"j*m%k‘“b = "‘ﬂ\\e,

£34x9.9x-33 +Lekx(G3-3)
- 63-4x9-8x 515

k= \kN/m = | xlo Nfm

. zo \ 1 R \\
A R=-3.3m A%=0 | AX=0 \1__5-‘]'5“\ T n\\,C YV\ﬁ Q 3
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A spring with spring constant % is oriented
vertically and compressed downward a distance
x from its equilibrium position. An object of
mass m is placed on the upper end of the
spring , and the spring is released. The object
rises a distance A (with 2>>x) above the
equilibrium position of the spring. If the spring
is then compressed downward by the same
distance x and an object of mass 3m is placed
on it, how high will the object rise when the
spring is released?

L guian g L gas A g4 K Suni) gl g3 8 i)
s g g A3 65 uda g (e X AbLisay JAY
st alag ol 3l (o aladl i shal) | o ASKS
dsH( Cun h Adlus aeannl adld g & i 3
Ay & 53 Jadua o3 130 i3 (1) 5 g g
Ale (3m) ALS aex puda g ol x Ablsal) Gudly
Tl i 1) ad i anunl) &S ppan UG ) (gf MU

P 3h h/3 | o
—l_'k AX" +m3(_ﬂx) = mg\r\

o - S B L’Lkéﬁl = Sr\’\% 4,
_ "

a5 D W T

L]

A ball of mass m is thrown vertically

into the air with an initial speed v.

Which of the following equations correctly
describes the maximum height, A, of the ball?

As yois 51 54 A L2 gas AL ALIS 2135 8
JS Lial daial) e alxall (e L;ivﬂ.mm
58U <h ¢ ‘,.aa‘!'p 5La.|ﬂi

v mv? p? &vz
B | h=—— h=——
2g g mg 29
\\. \"_-_-o Ei _ F
\ E h
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A VY i
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A bungee jumper locates a suitable bridge
that is 75.0 m above the river below, as shown
in Figure. The jumper has a mass of m =
80.0kg and a height of Ljumper=1.85 m. We can
think of a bungee cord as a spring. The spring
constant of the bungee cord is

k =50.0 N/m. Assume that the mass of the
bungee cord is negligible compared with the

23 Claly Al i AiSay 53 ALl Juad by

(S 8 e sy o gially () 3G oy
b s & Las colial gl (358 75.0m gl
m = 80.0kg L jlata PR A g-a\)l\ JJead

o S48 0 Uiy, Ljumper = 1.85m gl g
9 SERY Jaad & i 31 gl @ i Adls adlall s
SSEY Al Jas ALS o a8 k = 50.0N/m
Johall ciry o BN & 5y 8RN ALS 4 jBa

Ay

jumper’s mass. The jumper wants to know the .5 548l
maximum length of bungee cord he can safely
use for this jump W= F5.0m m= Ro-.0¥yg
V
i \( =50-0 N/W\
= | S\l kg (g | 17
[ S .
| =Y | o
= T
) o ¢ m (j\V\. = Lz_' K AX
?5 0’? Linax — Lo h L iper 4 g . 5 m
| | ' \ 2
j_, ‘@: R}memﬁ 1 \-35m o-ox{gxF5= S X 5o-0 AX
Vv —-—— AX = 4g-5m
l, = F5.0 - -85~ 48-5 = 26w
5
At the moment of maximum stretching (Gieal) JUal) b adll) Joad aaaT o] At 8
of the bungee cord in Example 6.3, what ¢ A eV LSy Al Alaal) Alasas o2 L
is the net acceleration that the jumper -
experiences (g =9.81 m/s?)
(in terms of g = 9.81 m/s?)?
OgX 1.0g downyard 1.0g 2.1966wnward
upward pward
FS o< F;\(t Fs - Fﬂ -k bX —mg
C— 50-0 x— ll-% 5) —80-0x4-3 _ 20'5\'“[51 .
20 - B _ 1 . ‘
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A block of mass 5.0 kg slides without
friction at a speed of 8.0 m/s on a
horizontal table surface until it strikes and
sticks to a horizontal spring (with spring
constant of £ = 2000 N/m and very small
mass), which in turn is attached to a wall.
How far is the spring compressed

8.0 ) &e juuy lSial ¢ g3 (31355 (5.0 kg) LS Akis
a5y A3ES g (4 = 2000 N/m) oast cully (A
LI e 0 90 (s g

ALY 8 gy o S8 & i ) Jakda oy s da i

before the mass comes to rest?
(0.40m) | 0.30 m 0.67m | 0.54m
M= 5.0% V; = 8om /s K= 2000N/m AX=? \[on
| d \ 2
7 My, =7 KAX
1
5-0x 80 =2000xAR
A.ﬁ (BUXQO -O-L\'W\

A block of mass 0,773 kg on a spring with
spring constant 239.5 N/m
oscillates vertically with amplitude 0.551

sl il adi e (0,773 kg) Wakis alis
(0.551 m) dauy Qagas 355 (239.5 N/m)
Oa (0331 m) Adlucs tic ALY 038 4 juu 4 La

m. What is the speed of this block $O 35 ada ga
at a distance of 0.331 m from the
equilibrium position?
m»:O-_‘f':?’Z'kﬂ \(: 229.5 N/V“ P“: 0-55\w™
V=2 AR <o .33\
g g E o e L R i, z
% W(%’(P« LL)% Q aka. (0-5‘311 — o- R\ N
ﬁi 13 "‘"f&
A
VAW En, = EQ. )
) \ » \ ol
LR vwmgh = SRS T L
L xr3%5%0: Bbf' S R E A L \_xo ¥t N
- 1 x2329.5 s-o%\ A+ O ??51‘\3}“‘:’5%\,*7
aSile s pellua (e U geai ¥ 2 4 Al 5 i ghat 5LB

NPE o (s



8

A spring with £ = 10.0 N/cm is initially stretched
1.00 em from its equilibrium length.

a) How much more energy is needed to further
stretch the spring to 5.00 cm beyond its
equilibrium length?

b) From this new position, how much energy is
needed to compress the spring to 5.00 cm
shorter than its equilibrium position?

L) B sashy kK =10.0 N/em <l 4l & i)

Gl gl Adgh e (1.00 cm) JhSay

&l 5 3 yaail 4, glhae A 8lay) 4B (e oS (a

SO A gh ¢a 221 (5.00 cm) ()

4, gllaalt AUl (4a oS cdad) pda gall 138 (e (b

(5.00 cm) ey yuadi psad & 5 3l bl
T2 3 g5 aus 2

DY = SCm Aiﬁ":@_‘:‘ C:f

k- \0-9__[_\1__4: looo N/wm
omulo

@on= Sk (4K -

@AU=

% -\cyn = O~ o\w

AXD: -\7; x\ooo x(ca—osl— o-of)

1\006’ (Co 0'5) (0 05)

AXP: 0-O06m

\9:(5

9

A 5.00-kg ball of clay is thrown downward from
a height of 3.00 m with a speed of 5.00 m/s onto
a spring with £ = 1600 N/m. The clay compresses
the spring a certain maximum amount before
momentarily stopping.

a) Find the maximum compression of the spring.
b) Find the total work done on the clay during

Jau AL (5,00-kg) YRS Jalall ¢ra b S

= (5.00 m/s) & e (3.00 m) £UWI) e

Jualall (k= 1600 N/m) <l Al & i

et Jaiual) Cha (e ks & i3l e daiday

Alaall (3B g o S8

i ekl ad) 2ad) Gl (a
L.aum A s i

the spring’s compression 1J=La:4:l_)

- 909 5] m= 5¥y iz 3w N{ = '51“!5
+Ua A .
k Lkﬂ 5ml5 k:\éooN!Iﬂ \'v-'-'-o
PARA

2N e \ = E? \ a ks
. ma\,\ *55,‘“\' < _{\LA% Jum%
=2095) ¥ 549.3 %3 AN Sx5 = - 11600 AXx Sxigu LK

h< - A% IAY‘ 904- S = %oOA?‘\L"uq_&j\

alile s plla (e Liguuis ¥

300 AK" — B4 AKX —209.5 =o
AV =0.chm

DY = .._.(5\.“;'8‘0’\

Al b L ghad 3L

® W= Ak <o - 2094.5= -2°9F
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A slingshot that launches a stone
horizontally consists of two light, identical
springs (with spring constants of 30.0 N/m)
and a light cup that holds a 1.00 kg stone.
Each spring has an equilibrium length of
50.0 cm. When the springs are in
equilibrium, they line up vertically.
Suppose that the cup containing the mass
is pulled to x = 70.0 ¢m to the left of the
vertical and then released.

Determine

a) the system’s total mechanical energy;
b) the speed of the stone at x=10

#1255 (300 N/m {15 48 ) il g Coldatia

Job 4l &) 08 . (1.00 kg) 4GS 1aa Jaay Ciudd
Basa b G GsSs Laie (500 em) i O3
W sle gl O Gl 8 Ll ; iy Lagdld (15
ol A 53 B AL o o giay

AR &l M gl gl jled ) x = 70.0cm
LEEN

AdaLl A0S A ulall Al (a

x =0 pallde s (b

K—: BQ.ON‘T“ m= \\(3

m

®

Xi=.50 w

XF:O'QGW‘
AX=0-3b -0-5z0-26m

@ E-2lls  E=gxikar
S5

T
- == 30,010'36
E: 3'%%‘83

E= K

’5_ 1
E=K 2.9¢% = zmV
5 298 < _\;x\x\]
J=2-Hw|g
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A slingshot that launches a stone vertically
consists of two light, identical springs (with
spring constants of 30.0 N/m) and a light cup
that holds a 1.00 kg stone. Each spring has
an equilibrium length of 50.0 cm. When the
springs are in equilibrium, they line up
horizontally. Suppose that the cup
containing the mass is pulled to x = 70.0 cm
to down of the horizontal and then released.
Determine

a) the system’s total mechanical energy;

b) the speed of the stone at x =10

N

£le 95 (30.0 N/m &S 408 i ) Cul i) (piaia
Ay JS . (0.100kg) 435S 13 Jasy chda

(o SO 88 Ladis (50.0 cm) s 013 Jsbs
ste ol o a8, L) ity Lagdld () Y puda 9
o A 2 B ALY o g giay o))

AU a5 a8 Y gl Jiud ) s x = 70.0
EEEN

AU A00Y) Al sal) A8l (o

x =0 aallde (b

¥=20-0N/m m=o0-100 kg

Zot

X|':°‘6 m

E=K

E = u,S‘\' u\g

XF:@S&M AX=0-34m

@ E ‘—"LU\S & Ukﬂ
E=ul km(uvv\&\\

1
E—; 30«0%036 +o.\ooxq,% X —Of

E': BQOZJ
® g =K 5
3.20’),: _\{,W\\j
2.9072 = __’,leo'\\ll
\‘:8 YV\/Q
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A 0.500 kg mass is attached to a horizontal
spring with £ =100 N/m.

The mass slides across a frictionless surface.
The spring is stretched 25.0 cm

from equilibrium, and then the mass is
released from rest.

a) Find the mechanical energy of the system.

N
s AY( 880 ¢ 5 5 Adasi 0 (0.500 kg) ALis
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b) Find the speed of the mass when it has OV A Po s J
moved 5.00 cm. Xee© 2 215
¢) Find the maximum speed of the mass
M= O'5°°k8 k,; \OON/P’\ A X= 0-25m
. ) Vizo
2-’\./160\‘»9 @ E'—‘ U;—: '\—'L K AX®

-

\ y\0o ¥ 0-25 = 3:\15F

®© v={ X\ -m

- 0-051)7 g-‘-\éw

(

{5 o

S ,—n,\(

&) \[= r\o
oV

k() L.313

SSH MM

A 1.00 kg block compresses a sprlng for which
k=100 N/m by 20.0 cm; the spring is then
released, and the block moves across a
horizontal, frictionless table, where it hits and
compresses another spring, for which &k = 50.0
N/m. Determine

a) the total mechanical energy of the system,
b) the speed of the mass while moving freely
between springs, and

¢) the maximum compression of the second
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