
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 10 Section 10.2

10.2.3 A force F = F0 sin.ct/ acts on a
particle with mass m = 3kg which has
position x = 3m, velocity v = 5m_s at
t = 2 s. F0 = 4N and c = 2_ s. At t = 2 s
evaluate (give numbers and units):

a) a,

b) EK,

c) P,

d) �EK,

e) the rate at which the force is doing
work.

Answer:

(a) *1:008m_s, (b) 37.5 Joules, (c), (d)

and (e) *15:12Watts

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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MAE 2030 HW2 P6 Solution Duan Li

Given :

1-7 x
ID problem

→ v F = Fo sin ( et)
,

Fo = 4N
,

c = 2 S

- I

m → F
m =

3kg
@ t = 2 s

.
X =3 m

,
V

- 5 m/s

Find .

.

@ t -

- z s

a) a acceleration

b) Eu kinetic
energy

c)
P

d) En
power of

the force

e) the rate at which the force is doing the work

Sohn :

F

a) FBD :

a→

m

LMB
:

mix = F

Let t

'

= 2 s

act's = Lt's = Im Flt 's = Tn Fo sin Cct's

= ÷ 4N sin ( 25
'
. 25 ) =

- I
.

01 m/s
-

kg

b) Emt 's = I multi

'

= I 3kg
. ( 5 m/s )

'

=

37.5 J

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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c) P (t
'

) = f- (t
'

) Vlt's = 4N sin ( 25
'

. 25 ) . 5 m/s

=
- 15.14 W

d) Power balance

efn
:

Ent 's = Pct 's =
- 15.14 W

e) diff = Fate = Fv =P

#
y
,

= Pct 's =
- 15.14W

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.4 A force only depends on position
according to F = C

0
+C

1
x where C

0
and

C
1
are constants. What is the work done

by this force when the point to which it is
applied moves from x

1
to x

2
? Answer in

terms of some or all of C
0
; C

1
; x

1
and x

2
.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.5 Find the potential E
P
associated

with each of these force �elds.

a) F = 0.

b) F = F
0
(=constant).

c) F = kx.

d) F = A sin.x_x
0
/.

e) F = c_x2.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.7 A mass m is held in place by a
spring whose restoring force is T.x/ =
kx. Derive the equation of motion of the
system (that is, �nd the acceleration a in
terms of x).

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.8 The peak propulsion force on a 4-
wheel-drive car is about �mg where � ù
1 for rubber on road (a bit more for fancy
racing tires). Assume a car starts from
rest at position zero. Answer the fol-
lowing questions with symbols and with
numbers (using � = 1,m = 1000 kg, and
g = 10m_s2).

a) What is theminimum distance re-

quired to reach v
1
= 60mph?

b) What is the extra distance re-
quired to get from v

1
= 60mph up

to v
2
= 70mph?

c) What is the peak power used by
the engine in getting up to v

1
=

60mph (assuming no dissipation
and no air friction)?

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.9 A car (mass m = 1000 kg) trav-
eling at speed v

0
= 30m_s crashes into a

brickwall and comes to a stop as the front
end of the car compresses a distance d =
1m. Answer with symbols and numbers.
Assume constant deceleration during the
crash. Neglect the mass of the crushing
region of the car.

a) What is the total energy dissipated
in the crash?

b) What is the force of the car on the
wall?

c) What is the force of thewall on the
car?

d) What is the deceleration of the
car passengers (assuming they are
strapped in and move with the
bulk of the car). Answer in g's?

e) Assuming an mp = 50 kg person,

what is the force of the seat belts
on the person (answer in body
weight).

f) If a parent was holding a 15 kg
child on his lap, what force would
he need to hold on to the child
through the crash (answer in N
and in number of child body
weights).

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.10 A kid (m = 90 lbm) stands on
a h = 10 f t wall and jumps down, accel-
erating with g = 32 f t_s2. Upon hitting
the ground with straight legs, she bends
them so her body slows to a stop over a
distance d = 1 f t. Neglect the mass of
her legs. Assume constant deceleration
as she brakes the fall.

a) What is the total distance her body
falls?

b) What is the potential energy lost?

c) How much work must be ab-
sorbed by her legs?

d) What is the force of her legs on her
body? Answer in symbols, num-
bers and numbers of body weight
(i.e., �nd F_mg).

Answer:

11 ft

Wall
h=10ft

d=1ft

l_leg_max

Lfall

l_leg_min.

right before 

jumping off

right before

hitting ground right before

fully stop

Katherine Cao

l_leg_max

[fall

Eo
, Epo,Eko

center
*
-
Tmass→

fly
-

v
-

q

Ef. Epf,Ekf

# -

M ¥-
I

✓

1/11 11 I 11%1111111111 T O
to ti

tf

Hall = l
legmax
th - kegmin

=

liegmax th - ( liegmax -d )
= htd = lofttift

= 11ft (also given
in HW hints )

The total
distance centerof mass fell equals

the height of the wall
h
plus
the distance of bending d

⇒ Half htd
Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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See P232~233 of RuinaPratap (or read more of Chapter 4.1) 

for unit conversions

b) Change in potential energy

= final potential energy - Initial potential energy

⇒Otp= Epf- Epo = mg C-Hall)

=
-

mg
(ht d) = - 990 Ibf-ft

Potential energy
lost = negative of change

2h potential energy

Thus , Eplost
= -oEp

=

mgchtd )

= Go Ibm) (32ft I5)Clift)
=31680 pd

l-ft

= 9go Ibf-ft

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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C)
comparing

the kid's state right before jumping off the

wall and right before fully stop . velocity of the
kid

is zero for both States

Eo-- Epo +Eto Epo

Ef Epf +Effi! Epf

change in total energy
= final total energy - initial trial energy

IE- Ef- Eo
-

- Epf - Epo =oEp

To ta lenergy
lost

=

negative of change
in total energy

⇒ Elost= -oE =
-oEp

from b) deep = -mg Chtd ) =
- 990 Ibf-ft

Work absorbed by leg should equal total energy lost

of center of mass of the kid

Wabsorb= E-lose=Mgc htd)
= 990 lbf -ft

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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d=1ft
l_leg_max

l_leg_min

right before

hitting ground right before

fully stop

^ Y
FBD for Titotf

^

Meg
yi

If

N
E'
"''

Ef
"'

a

Yi
-

-

hegmax Yf -- heymin-- heymax-d Vmg
d)

Work done by leg on centerof mass should equal

energy change of centerof mass
:

Wieg = OE from c) oE=oEp= -mglhtd)

with constant deceleration , usingnewton's 2nd
law

If = Aeg-mg
=
ma

Meg = Mlgta) m
, g ,
a all constant value

⇒ Keg is constant

Weg-- Itg! Fiegdy -- Fiegyby! !!,9egm
" -d

Max

=

keg ( Yf -Yik Fiegel kegmax-d - heymax )

= - Fiegd = OE = -

mg Utd)

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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⇒ Fug = mgchdtdl = Chtddlmg
= lffiqift 1190 Ibm) 132fete) -- 31680 Pdl = 990 lbf

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.11 In traditional archery, when
pulling an arrow back the force starts
from 0 and increases approximately lin-
early up to the peak `draw force' Fdraw .
The draw force varies from aboutFdraw =
25 lbf for a bow made for a small person
to about Fdraw = 75 lbf for a bow made
for a big strong person. The distance
the arrow is pulled back, the draw length
ldraw , varies from about ldraw = 2 f t for
a small adult to about 30 inch for a big

adult. An arrow has mass of about 300
grain (1 grain ù 64:8milli gm, so an ar-
row has mass of about 19:44 ù 20 gm ù
3_4 ounce). Give all answers in symbols
and numbers.

a) What is the range of speeds you
can expect an arrow to �y?

b) What is the range of heights an ar-
row might go if shot straight up
(it's a bad approximation, but for
this problem neglect air friction)?

Manav= 314 ounce 20.047 Ibm

'

;
F

F-draw
-raft

¢ .

war!
( figureall :

"mm
! / >fdraw

figure a ..fdraw
l

l

l f

ldraw

The total
energy of the bow- arrow system

at
any

time consists of the kinetic energy of
the arrowand

the potential energy stored in the bow
's

string .

The change in total energy of
the
system

is due to

Work done by extra force , in this case . Wdraw done

by draw force .
.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Asstated in the prompt
, draw force approximately

linearly Increase from 0 to peak Fdraw overa

length of tedrow

⇒ F -- Fdrawblldraw

ldrawTh" '

wdraw
-

- f f de -

-

f!÷!¥l de
(orlook at

40--0 bdraw

The area of fdrawfz
ldraw

figure a.z )
=

= IFdrawldraw2 oldraw
to

The above Wdraw is the work done by the draw force

to the
bow- aww

system during the process of pulling
the arrow bade . Looking

at the process of
'

releasing
"

the arrow
,

there is no eternal force doing workTo

the
system .

Thus there is no

change
when considering

The total
energy of

the bar-amor system .

Wdraw ffeguuea.31

A ⇒ I ft
① ② ③

✓arrow
-

-O
• Vaunt o Vanowz#O

Eo-Eawouot Estray. EEEamountEstray, Ez -- EamonnEstaing.
= 0+0=0 Iot Wdraw =Ei

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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As shown in figure a-3

comparing state
① and③

,
the difference

in

total
energy of

the bow- arrow system equals work

done
by external force Wdraw . Since bar string

restored to vesting length, Wdraw is fully
converted

to kinetic
energy of

the arrow Eanow, if neglect

energy
loss thoughout the process

.

Thus
,

Wdraw = IFdrawldraw=Eawwz=I ManonVarious

⇒ Various=) Fdrawldraw

marrow

The upper
limit of Various set by

bow for

a big , strong person
and the lower limit set

by bow for a small
person .

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Vann. max =
Fdrawbisbbior

-

- ftp.obatfiiimtt#tMarrow

=

Jtf lbf ) 132.at#ffHs4 2.5ft I 358fits
0.047 Ibm

Vann,
man
=

Fdrdw
small Ismail =) f2fe
Marrow O - 047 Ibm

=

J ( 25 lbf ) 132.dk#f.fHs4zfI = 185 feels

0.047 Ibm

Thus 185 FUSE Various E 358 feels

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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b) arrow

AA
rapt

•

try

v Mammy

If shot straight up , assuming
no

energy
loss

due to drag on arrow due
to airor other reasons

.

The total
energy of the

arrow is conserved
, meaning

the sum of the arrow's kinetic energy
and

gravitational potential energy does not change .

Eamon= Ekanow + Epanow

± Ekanow- release-1 Epamero = Ekawow- top
t Epa

mm-

top

=-2 MannuVarin t Manongfh- ho)

= -2 marrowVarious
+ mgfho- ho)

=-3 ManorVanir
top + Mg

chtop
- ho)

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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⇒ I'ManonVariousto = Ot Mumm g
ah

⇒ oh= Imanow
Voimrvz

marrowg

using range of
barrows in

pare
a

thmax Set by bow for big strong person
.

ohmin set by bar for smell person
2

lzmamrv Various
Maxoh Max =

mannerg

=
I 10.047 Ibm ) (358fast

(O -047 Ibm) (32.2745 )

⇐ 1990ft

Emanu thumb Min
OhmTu --
-

Manang

=
Ilo - 0471bar) C 185ftKP

(0.047 Ibm) (32 -s f-45)

Er 531 ft

⇒ 531 ft e oh E 1990ft

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.12 Abig person (m = 100 kg) jumps
on a trampoline whichwemodel as a lin-
ear spring with sti�ness k. You know
that the trampoline de�ects d

0
= 20 cm

under the stationary weight mg of the
person (use g = 10m_s2). Assume there
is no dissipation and the person is jump-
ing repeatedly a height h = 1m above
the unloaded surface of the trampoline.
Give all answers with symbols and num-
bers.

a) What is the sti�ness k of the
spring (answer in terms of some or
all ofm; g and d

0
).

b) What is the maximum de�ection
of the trampoline during these
jumps?

c) What is the peak force of the tram-
poline on the jumper? (answer in
symbols, Newtons, and numbers
of body weights).

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.13 For the car of problem 10.2.8
what is the average power required to
reach speed v

1
? There are two plausible

ways to calculate this power:

�P
1

= Ê
x

0

P.x¨/ dx¨_x and

�P
2

= Ê
t

0

P.t¨/ dt¨_t :

Use both. Do the two methods give the
same answer? If so, why, and will the an-
swers be the same for all problems? If
not, why not, in what cases will the an-
swers agree, and, when they di�er, which
one is right?

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.14 For problem 10.2.9 which an-
swers would change, and in which way,
if the deceleration was not exactly con-
stant during the crash? That is, for
which quantities would the answer be
bigger, which smaller, which the same,
for which would the answer depend on
the nature of the non-constant accelera-
tion?

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.15 The earth's gravitational pull on

a massm is F = *
mgR2

r2
, wheremg is the

pull at the surface of the earth and R is
the radius of the earth. Assume a ballistic
rocket is shot straight up with a launch
velocity of v

0
(measured in a `�xed' not-

rotating-with-the-earth frame). Assume
the rocket goes in a straight radial line as
the earth turns underneath it (relative to
the surface of the earth this rocket would
be launched somewhat to the West to
cancel the earth's rotation). Assume the
period of active thrust is negligibly short
(hence the word ballistic: �relating to
or characteristic of the motion of objects
moving under their ownmomentumand
the force of gravity�).

a) Solve for v as a function of r (and
some or all ofm; g; R and v

0
).

b) Find the maximum height the
rocket reaches.

c) Find the
`escape velocity' vescape, the mini-

mum launch speed needed for the
rocket to never return.

d) On one graph plot height (r or r *
R) vs t for a v

0
just below vescape

and for v
0
just greater than vescape.

If you use numerical methods to
make this plot use g = 10m_s2,
R = 6400 km, and m = 1kg.
Make sure your axes are such that
you can see a clear qualitative dif-
ference between the two cases.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.2.16 The power available to a very
strong accelerating cyclist over short pe-
riods of time (up to, say, about 1 minute)
is about 1 horsepower. Assume a rider
starts from rest and uses this constant
power. Assume a mass (bike + rider)
of 150 lbm, a realistic drag force of
:006 lbf_. f t_ s/2v2. Neglect other drag
forces.

a) What is the peak (steady state)
speed of the cyclist?

b) Using analytic or numericalmeth-
odsmake an accurate plot of speed
vs. time.

c) What is the acceleration as t �Ø
in this solution?

d) What is the acceleration as t � 0
in your solution?

e) How would
you improve the model to �x the
problem with the answer above?

HW 3 Plo Teaya Yang

O

4¥ → v

R
.

P

Given : P = I HP = 550 Ibf #Is
g
= I lbf/Ibm = 32

-
2 A/s-

Vo = OMG

m = 150 Ibm

C = 0.006 lbf.s4H2

TBD : → e X P = power supplied from the
person 's

→ F

Fd
P body chemistry to

the mechanical energy

of the system

a) Find V at steady state .

At steady state :
EE in = ⇐out

Power Balance : -2 Power= Ek LMB : Fpi - Fai = Mai

P - Pd = dat (Emv) Fp - Fd = ma ②

P - Fdu = Mva

Pg - Fd = ma ①

① and ② : Fd = I

Plugging this back into ② gives ODE : F - CV
-

= mix
.

At steady state
,

V-- const
.

so a = o

O = - cuz

V = (Pg)
'T
=

550#As
43

( 0.0061*51*2) 45 -
I #Is = 30.8 mph

b) Plot VHI

ODE : mix
'

= ¥ - cuz

Integrated numerically in Matlab with ODE 2 (Midpoint method )

* Vo had to be set to a small number to make sure i can be evaluated at t - o .

Plot is on next page .

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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-

approximate

steady state

value

Terminalvelocity reaches 45.1 #Is as predicted by analytical results
.

accelerationapproached
at too

-
acceleration approaches
0 as t → as

since the difference in alt ) is too significant between smaller and larger t , the axes are

set to only show a section of the plot for visibility.

c) alt-soo ) = ?

Acceleration reaches o as C-→ as
.
This is okay since we reach a terminal velocity at

some point with the same
power input .

d) alt → o) = ?

Acceleration approaches as as t → o
.

The largest acceleration due to friction
given Mma, = I is

a -_Mmm9_ = Mg = 32.2 Als ,

so an acceleration greater than this value does not make sense .

This disagreement between our solution and real life system indicates that our model fails at small t
,

see part e ) for possible improvement on model
.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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* see Matlab code generating the above plots below
, part e ) follows after .

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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e) what can we do to change the model ?

( From Prof. Raina)

Using the maximum friction force between the bike and the ground as the initial bounded

force that can be exerted on the bike
,
our model can be modified as follows :

N

¥¥d→ Eric en
Eric =

Mmg i

t

Fg

Maximum friction coefficient between bicycle tire and asphalt road : µ = 1

We can use this force until the power
becomes P= lhp .

Pfric =
MMGV

ODE for low velocity : mix
'

=

Mmg
- cu

'

CI )

ODE for high velocity : mix
.

= I - cu
'

CI ) (same as before)

so use CI ) until Pfnic = P and then use CI ) till tend
.

This is done in Matlab
.

Plot showing the power
that we use :

so
, highlighted part would be what make up our new model . The power

would be constant except

the initial port .

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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e) Results :

* The same VA) vs
.
t graph is shown with 2 different time axes below to show the

comparison

between different times
.

increase.in
" )

old model
same steady

\
state velocity

The model with constant power causes velocity to The velocities
converge

and reach the same steady

increase more rapidly initially. state level for t → as
.

-

* The same alt) plot is shown in two different time axes below
.

\
infinite

acceleration

accelerations

decreasing converge

acceleration

constant ( )
( acceleration

Initially, the acceleration of the constant power
model Acceleration of the new model starts at a finite

starts at infinity and decreases rapidly , whereas the value due to the constant friction force
,

then

constant force model ensures a constant acceleration
.

it decreases and approaches o at t → as
.

* More plots on next
page

.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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constant-

power \
same constant

power

increasing
(
power

This plot shows the
comparison between the power

variations over time of the two models
.

While
power is constant in

the old model
.
the new model we are using

has an initially rapidly increasing power
and it becomes constant

once F- lhp is reached .

- infinite force

required

- finite maximum

force initially

output force
-

approaches constant

This is only the force due to outputted power (not including drag ) , so unlike acceleration this force

approaches a constant
.

In the original model
.
an infinite force is required at t

-

- o to produce the target

output power , while in the new model
.
the cyclist starts at a maximum force and the amount of force

required to output the same
power

decreases after a few seconds due to the
increasing velocity.

See next
page

for Matlab script for new model
.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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