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6.6 Work and Energy for the Spring Force

el 31 & g Jald) 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?
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A spring with spring constant k 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 /#>>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?
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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, 4, 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
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At the moment of maximum stretching Gl JUal) G ATl Joad daad ) Aiat B
of the bungee cord in Example 6.3, what ¢ AL eV LSy Al Alaal) Aasa g4 La
is the net acceleration that the jumper
experiences (g =9.81 m/s?)
(in terms of g = 9.81 m/s?)?

0g 1.0g downward 1.0g 2.1g 2.1g downward

upward upward
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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 ) Ao o Sia) (9 (31355 (5.0 kg) WALS AL
oy guailiy ashal o 88 4 gla mhs e (m/s
22 B e 4308 g (K = 2000 N/m) o244 by (o8

g Juala o) 933 s g

ALY LB gy of J & i ) Jaiida oy s 6 )

0.40m | 0.30 m

0.67m | 0.54m

7

A block of mass 0.773 kg on a spring with ol iy ali e (0,773 kg) Walis 4t
spring constant 239.5 N/m .(0.551 m) 4w Gagas gl (239.5 N/m)
oscillates vertically with amplitude 0.551 4 (0.331 m) 4dlua dis ALY 038 48y (4 La
m. What is the speed of this block SO ) o ga
at a distance of 0.331 m from the

equilibrium position?
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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?

A0 8 aaah k= 10.0 N/em <l 4 & i
G5 gk (e (1,00 cm) e

& i 30 aail & sllaa 4 8LaY) dBal) (oS (2
03 A gh ¢ 23 (5.00 cm) ()
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(5.00 cm) _)iey i gaasl & yui 3l Ll
431 5 paga (o
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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
the spring’s compression

JiuY AL (5.00-kg) Lalis Jualal) (a8
 (5.00 m/s) 4= s (3.00 m) gL, (e
Jualall (k= 1600 N/m) <l A1 & i
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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 at x =0

#1953 (30.0 N/m s 48 i gl g (it
Jeb a4l d i) JS | (1.00 kg) 43S 1Jaa Jasy Cidd
Blasa b QLS 3l 058 et (50.0 cm) & O 5
s sle gl O Ol i) Ll y ity Laglld ¢yl )
(ot s 5 B ALY e g gy

AB) &l N gl lad) M x = 70.0cm
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A slingshot that launches a stone vertically Gl (S ) (0o (oS Ll 12 (3llay (e
consists of two light, identical springs (with £1£ 99 (30.0 N/m &8 48 i) <l i) (aldalia

spring constants of 30.0 N/m) and a light cup Add i) Js, (0.100kg) 43NS 1 3aa Jaay Cinda
that holds a 1.00 kg stone. Each spring has o QSO Q5% Ladie (50.0 cm) & )3 Jsha
an equilibrium length of 50.0 cm. When the | sle sl & o 381, Lad) clikua, Lagild () Y puda ga

springs are in equilibrium, they line up (o) A a3 38 ALY e (g giay (o)
horizontally. Suppose that the cup AR oY) gl il ) s x =70.0
containing the mass is pulled to x =70.0 cm A
to down of the horizontal and then released. AUl AIQ) il Cal) dBUY) (2
Determine X =0 jasllde i (b

a) the system’s total mechanical energy;
b) the speed of the stone at x =0
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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

Sl Al B & i 5 A 34 (0.500 kg) AL
pats b e ALSY s (K = 100 N/m)
a9 e (25.0 cm) Jlhay & 3 aaad NiaY)
LG9Sl ¢y ALSY (§MUaf oS A5 o) 3

AU A al) 4ABUal) sl (a

ALY 5 guall) ds pud) aua (c
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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 & = 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 ) <l 18 i) it (1,00 kg) Al
ol i J Al Aty ol ¢ (20,0 cm) e (N/m
“ﬂlSKAY\;\A,gJS 37335\ ZJJI.EJ:\G PR datig
k=50.0 )cul A AT Lagl il g ashauatt Eua
s (N/m

ARl 41l Lilal) ABUAY) (a
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6.6 Work and Energy for the Spring Force

& 31 Alda g Jaddl 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
+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 accompllsh thls stu nt?

2- tht is the snead that the |

eqlullbrlum position f the spring?
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A spring with spring constant k 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/i>>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 ghucaa g G gas A ga K (oS ou) il 53 & i)
s gl g aly A ) g uda g (ra X Adlasay JAuY
2t g o i3l g glad) L) ey Adlis
A%t (h>>x) Cun h ABlasa pual) adli gy & i3
JaaY e i 310 Jakda 5 13) & 31 (031 65 pudaga
Agle (3m) Al pad pudg g X Ablusall iy
?‘ﬂﬁ}\ﬁﬁméﬂﬂ\eﬁwglﬁjg\‘;u

h 3h hﬁ Vh
Ei = EP
—,\ZKAXL = TNZ)\\
3 _ h n
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A ball of mass m is thrown vertically
into the air with an initial speed v.
Which of the following equations correctly

E&Hf-\}g—“gﬁg{g&uﬁﬁmMQﬂSﬁ
ISy e A0 e slaal) oy g v Aoy
5,81 <h cu.«aé\’\ gl.iﬁji\ e

describes the maximum height, 4, of the ball? .
r muv? v? v?
2g 9 mg 2g
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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 Ljumpe:=1.85 m. We can
think of a bungee cord as a 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

G ah uualia s o) dally Sl 818 & gy
o eage sh LaS ol gl (36d 75,0m LE )
m = 80.0kg & s AL 4yl al ) JS )

(o U8k o WiSey . Ljumper = 1.85m gl )i s
& GERN Jaad @l il il &) AdlS adld Ja
AT A G 48 o a5k = 50.0N/m
Jokall e o) SR & 0, JAAY ABS, A e

pdgd (ualy Aaladiad 4dSay A Ll Juad )

75m

jumper’s mass. The jumper wants to know the .5 544l
maximum length of bungee cord he can safely
use for this jump )
m= So-ol:j k < Bo-oN/m
= IS TS = 1L | e
L\“L:-l-—\-—— _—'I'-L/-L'lry'! E, _ EF
' F L, = z 2 I 3 )
) | man - Lk AX
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At the moment of maximum stretching ¢ Glad) JUall (B L Joad a0 u-:dgl S -EN P
of the bungee cord in Example 6.3, what ¢ AR e Ly Al Adaaldl Adaaa g La
is the net acceleration that the jumper
experiences (g = 9.81 m/s?)
(in terms of g = 9.81 m/s%)? &
1.0g do%’ard 1.0g 2.1g 2.1g %nward
upward ward
_/
e S
< So-av—""zg) — 8s-0%x9€ =2 1
=M = =20-Q WM s
F(l? (9 & Ba-s o !
20-5 - Q-JJ ?
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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 ) Ae jmay dllSial (198 (3135 (5.0 kg) Lgakis AL
12 B e 4255 (k = 2000 N/m) o iy (o
L Jeiia 0 350 gl

ALK B gy jf 0 &y 3N ek s s 3a 51 )

before the mass comes to rest?
. 0.40m ) 0.30 m 0.67m | 0.54m
= 90 Kz 2009 N/[w :
" kf' . / E; = Ep
i"_': 2-Om (S AR= 2z - T
Vpo ng\h = 5 ¥ A%
= 92Q90 C.SXL
G.o x 8-0 =
AXz o-4 m
7 -
A block of mass 0.773 kg on a spring with wail Sy el e (0.773 kg) WAkis Alis
spring constant 239.5 N/m (0.551 m) Axwy lé-’}“f- 5 (239.5 N/m)
oscillate with amplitude 0.551 & (0,331 m) Adlua 2is ALY 038 48 ju A La
m. What is the speed of this block $O 315 pada 9
at a distance of (0.331 m from the
equilibrium position?
m=o 372K K=2395N/m Azo-B5|m
Nz T D Xz 0-33N
T X‘L 9_36‘_5 7 T
= — (- - 0-33I
S {Lm(g ) =\ 2L (s omD)
E] = E][‘
o _\_ tm{ RN\ \\F 4 -Lm\l
A _\_\.q q.Gxn~55;1+c3--‘]'_1"3 x-8x -0-56|
“"""" = i 7 LotV
N A 4239.5% 0-33) + 0173 x§-3x —a-33\x RO
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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 76 5.00 cm
shorter than its equilibrium position’

Al A aadiy k = 10,0 N/em <l 4d o 5
Gl adgh e (100 cm) hadey

& 3 300 a2l 4y sllne ALY ABLY 030 S (2
$0 N Al b e 3 (5.00 cm) )

4 gllaal) 43Ul (ha oS cdad) pda gall 138 (e (b
(5.00 cm) Nbay el maaul & i 3l bl
P43 ) 55 pda g4 O

K:\O_N__ Z:\ooo N/m

Cmllo

QO AU-= K(Ax{_

@ Al = —\?:)(IOGO ((-—0-05_)1 - o

AX = \mz= o-0lm
DX<= 5Cm =0-05m

: )
AX; ):%3\000(0-05 — o-9

-052) T ZeNs

2 &

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

JiuY A6 (5,00-kg) b€ Jualall e s S
= (5.00 m/s) 48y (3.00 m) gL s
Jualall (k= 1600 N/m) <l 4 & i
U‘ﬂ?\h@l!ww‘)mdﬁj!uhm
4.2:\.“ L.IQ}H U‘ dﬂﬁ

i dedal el dad) a2

sl Jualall e J slual) Jaddl quaal) (b

the spring’s compression V¢ UP=s &t 31 Jalidal)
N:Skg h= 200m Uiz Swm/s K= (oo N/m
. UF:O PAY & '?‘
‘56 hiz3m
\l;-_- 51"\\3 @ E : = E.F
—LY“\\J[L'\'W\a\'\?( = W\%\\% e K&){L
L _x|699484
> -\—in 5 +5xq gx3 = 5x4-8x 'AX + o6
AX+ IRV e
53——-—3 KL;, 4‘? X
-g'@;"&x 9o o0 AX -4%)( - 2095 =o
% AX=" oY AX= —s.hEm
W -t
pSile s zlla Ca Ui guali ¥ Al 3 i e L6
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A slingshot that launches a stone
horizontally consists of £ sht, identica
springs (with spring constants of 30 0 me)
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 at x =0

Ol (S 5 5 (e (985 LT 1 (3thy (dinia
sl 59 (30.0 N/m &hs 48 i) <l diy Gaithaia
Jobad i) S| (1.00 kg) 43S 15aa Jaay Cigdd
Eaga (b OS5 (g8 Laie (50,0 cm) & )59
G sle gl o (a5 Lol 5 iy Lagdld ¢ 35Y)
ol A 5 B AL o g giay

AR a3 S el ) g gl b ) x = 70.0cm
LECY

ALl d4i) Al all A8l (a

x = 03¢ pallde u (b

o ™=V}
v L 3
/)\:,KC‘\'% S ; Xi<Botm =o.5om Q:O-EG‘“
NP\ e _o.50 ozt
.9 \_\‘\\‘\‘ iII)‘Y‘S""O,Sm At=0.86 -0-50
|
|
D — I Lok N _
E ,‘ x =07 m| 1 @ E = & us.
/p‘/}./_, | 05 m = -
""V;;% ‘ -~ 330-0YO- 36 38883

= K

7.5
288 = MV
1
I 513 R
V=239 ms
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A slingshot that launches a stonej
consists of two light, identical springs (wi
spring constants of 30.0 N/m) and a light cup
that holds a 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 atx =0

CrbR (S 55 (m Gk ) 132 (3l (il
#1295 (30.0 N/m A 48 5 ) ol gl (pidaia
addl i3 Js . (0.100kg) 43S Vs Jaay Cigdd

(o OS5 a% Ladis (50.0 em) i OV Jsk
sle g o ol B, Ll (ko Lagdld (ol ) pa g
A A 2l B ALY o g giay oA

A o3 8 (A gl Jhd ) p x = 70.0
LEEY

Al d4i) Al all A8l (a

x = Qais allde i (b

X = 99Cm = o-5om

K= 2,0-0”/?1"

T\P,: 0.36 m
Af= a- 36

@ E=Us « Uﬂ
E-2x 4 ko «mgh

-

E= Us *Hﬂ E= 3c-0 xo-%éﬂl-* o-1x9-8x-0]
E, = %-201 a-
BAE = K
2-201= l\_-;fs s x 0! V= § ms
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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

i Al 88 & i 3 At e (0,500 kg) AL
pats b e ALSY s (K = 100 N/m)
a9 e (25.0 cm) Jlhay & 3 aaad NiaY)
s8] (o ALY (D) a3 a3 ¢l )

?Uém LSS al) 48U ) (a
5 Ladie 1SN 4y qun) (b
ALY 5 guall) ds pud) aua (c

.5.00 cm &%

m—_o.goo{ia K < lao N/m

AX=

;=0

@ AT The  waximwe é\\sQ\steJm)Y‘-

= —E‘(AL‘YL) = le}
® @—d

25%-008) = 37u¢

250Mm = Q-25mMm
(
Ez Uss KAX
1\00 Y\O'LS ngSJ

W\’S

@ /H’ Q',/u;(\i\ﬂ[w\ ?Bﬁ‘\‘[dv\ X=o
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V= 22 608" o) = 2-Shm]s

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 & = 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

k=100 ) <l 18 i) it (1,00 kg) Al
i3l a3 sy af ¢ (20,0 cm) U8 (N/m
“ﬂlSKaY\;\A,gJS a,ﬁﬁ\ ZJJI.E‘HG axgy datig
k=50.0 )cul A AT Lagl il g ashauatt Eua
s (N/m

Ol (s A jan LS oL ALY Aoy (D
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spring
m=1Kg  Keloo N/m  axszeom Ko s/
Kdo|m ¥=sal/m SE - —-K AX = _x\oe Xo-29"
AR=20m e J

—

@ Ei

E¢ -

“ (=
e = Lyt oo vy
- N= 2m|S
@ El' EF \;}_ \ 2 I
\ . A P |
7 = — K AR~ L= ¥ Sox A% AY= 0-28
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