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Distance in polar coordinates

Find the distance between two poif’1 = (’-’?‘;f-’l:' Py= {ﬂ@ﬂg:‘ (palardinates).
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Distance in spherical coordinates

Find the distance betwed’1 = (31191:@1:‘ ePo= (32:5'2:@3] (spherical coaesha
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Elliptical coordinates

We define elliptical coordinates as follovr = \/:1:9,/@3 +y3/63 ¢¥das in polar coordinates. Fii®,%
as functions 0¥ .
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Distance in elliptical coordinates

In elliptical coordinatesr = \/352,/@2 -|-y2/bg an¥® as in polar conedes) find distance between two
pointsFP1 = ':’-’?@1:' and Pz = ':’-'?CF’Q:' :
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Coordinates and vectors

Two different coordinate systems are established stnaight line;z anz/ , which are related as ¥adlo
rfo= (:J:f’/b)g, wherea an¢ are constants. The distance eleméetms of T is given bgs2 = g2
Find the expression for the distance element mseyfz/ .
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Distance element
Two different coordinate systems are established plane (z,%) an{z‘,%‘) , which are related as follows:

! = rcosf—ysinb, v/ = zsinf+ycosl
where# = const . Find the distance element in terms of doatds(ﬂ-?“’,y’:' | ':f:y:' are Cartesian.
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Distance element

Same as above but the relation reads
z! = rcosf+ysind, y/ = rsinf+ycosd
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Distance element

New coordinate { p/,¢/) are introduced which are related to the ordinatapcoordinate( p,¢)  as follows:
@' =@, p’=1/p. Find the distance element.
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Coordinates and vectors

Starting with cartesian coordinates we define neesas followsz! = az+by v/ =cxz+dy , where
a,b,c,d are some constant parameters. What conditionsese tparameters should be satisfied in order!t:
new coordinates also be cartesian and the meaktire distance remain the same ?
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Volume of tetrahedron

Four vertices of the tetrahedron are given by fadius-vector#; + =1,2,3,4 . Find the volume.
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Coordinates and vectors

Let™] be the vector from the center of the EartNéwv-York and®y is the vector from the center of Baath
to Jerusalem. Find the angle between the two v&¢tioid the lacking data in a geographical atlas).
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Elliptical coordinates

Find the distance elemeds2 in the elliptical conatesr — V/g;E/aE _|_y2/‘.53 tang =1vy/z . Define
unit vectors tangential and normalr =const  curves agrivd their relation tZ; an2y
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Legitimate coordinates?

Are the coordinatexr’ = z%y /= y;’$ legitimate ? If yes, find thstance element.
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Length of parabola

Calculate the length of the paraby = az? a=const ,fift=—-a I=a
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Circumference

Ellipse is given by the equatiz2/a2+y2/b2=1 . Calculate thewhnference.
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Equation of plane

A plane passes through the pdgt  and its norn# .iVrite down the equation of the plane.
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Spherical coordinates

Find the relation between the unit vector3D Cartesian coordinates and unit vectors of spakcisordinates
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Cylindrical and spherical coordinates

Decompose unit vectors of cylindrical coordinatemg unit vectors of spherical coordinates.
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Coordinates and vectors

Let @ =w¥ (cylindrical coordinates). Deri@ix? Wx(wx?) , afx{wx?)
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The shortest distance between cities

Two cities on Earth surface (assume it is a spivétethe radiusfi ) have the coordina{fﬂfl,ﬁl:l and

{ﬂfgﬁg} , where is the latitude, a1f s the longitudedRthe shortest distance between the cities. Hint:
Arc of the circle passing through the center of EHagth.
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Coordinates and vectors

Four vertices of the tetrahedron are given by fadius-vector®; ¢+ =1,2,3,4 . Find the volume.
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Distance elemends2 in the elliptical coordinates

Find the distance elemeds2 in the elliptical conatesr — V/g;E/aE _|_y2/‘.53 tang=1vy/z . Define
unit vectors tangential and normal- = const  curves agivd their relation t& an¥
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Cross product

Simplify (dx5)-(2xd) .
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Coordinates and vectors

Given two non-parallel unit vecto] aggl |, find #ew unit vectoZz such that all three are in theea
. . . . .o-""ﬁ"'\-\. .o-""ﬁ"'\-\.
plane an@3 divides the angle between the first two in the \8183 = 28427 -
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Projection

What is the projection of the vec@r onto the weittorg ?
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Projection



What is the projection of the vec@r onto the veft?
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Coordinates and vectors

Given two vectord anjl , represent vedior as acfumo vectorsd|| and | @=4a||+d] |, such that
E:‘||||5 andd | L.
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Coordinates and vectors

On the Earth a man is at the pc2Q® east longiamit 40 latitude moves in the north-east direction.
Express the unit vector along the velocity in spiaand cartesian coordinates.
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Coordinates and vectors

Show that a straight line is given by the relas — }la’_|_5, whered an@ are constant vectors and
—oo<A<00.
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Intersection line of two planes

Find the intersection line of the two plar-d1 =d iy =dn
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Equation for a circle

Write in the vector form the equation for a ciralith the radius® , normal directicfy  (unit vectardpd
center ar'q .
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Cylindrical surface

Write in the vector form the equation for a cylidt surface with the radit/Z  and the axis paradid and
crossing the poirf'y .
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Coordinates and vectors

Prove that four different poin¥; : =1,2,3,4 | are alwaysassphere and find the center and the radius of the
sphere.
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844

Calculate az:éﬁ : bzgﬁj , (Z"S@Ejk , (Zk‘gfjﬁgjkgkf
g 79 1 P
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Ef-ﬁjk

Prove a]Z};EéjkEéjk =6 , b_zkgéjkgmjk =284m , Czk:ﬁéjkgmnk = Sém"sjn—géﬂg,’.‘.m .
£, J
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Ax {ﬁxa)

Expresszx{ﬁxg} with the use %4k; adqy
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Angular momentum

Angular momentum is defined j — mpxy . Express in terh@ngular velocity for a circularly moving
particle.
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Coordinates and vectors

Given two nonparallel vectods a}d build threeunally perpendicular unit vectors.
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VE = {1:_211} Vl == {_2:311}
Vi-(V1+V)x(V1-V3q)
Vix(Vax(Vi1+Va)
Vox(Vix(V1—-Vg)
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D= (Dy,Dy,Dy) C= (C5,Cy,C3) B= (Bz,By,B;) A= (Ag,AyAj)

(AxB)xC =(A-C)YB—(BO)4
Ax(BxC)=B(A-O)-C(B-A)
(AxB)-(CxD) =(4-C)(B-D)-(4d-D)(B-O)
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sinar g X5 2 1 fo= {’-’“3132:@3:‘ 1= 'i’“la'gl:@l:'
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Vi4+Va+V3=0 Va V1,Vq

VixVo=VoxVa=Vqax¥V
Vi Vo V3
sin(fq3) ~ sin(f31) ~ sin(f1q)

01 Math_intro/e_01_1 053.html

Vector algebra

Given two vectorsI_} anw , With norms, v and w resipely. The angle between them‘i’,

a) Find the norm of the vectfz W , ||?_W|

b) Find the angh#[) between the vect?,—w ?1d
c) Calculate (a) and (b) for:

v=12 w=9

and

m o
¢ =05,

m
d) Draw the vectorV W alV-w i®=6
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Relations between two coordinate systems

Given two coordinate syster,'@? Y) e,(??”:y“’:' and the relati@iween them

! = rcost+ysind

y/ = —xzsinf+ycosd

Show that the norm of the vec1,x,_'—’1,>+§ , WhZE =(AX ,E):(Bx , By) in the':fﬂ:y:' coordinate system
stays unchanged when moving to ';?Q’f:y“f:' coordinatesyst
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Linear dependence of vectors

— —
Given_t\}/vo vector:E: ﬁ;}f+‘£§’}+2? anV 3 =10 57437
Find ¥ 3 such thaﬂL‘FE}E‘FLB =0,

—
FindV4 such thaV'1—-V2+V4=0
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Partial derivatives and differentials

For the function:

1
Ue,4,2) = ————
T [224y2422)1
Compute: )
ol (z,y,z) 0°U(z,y,2) 8%U(z,y,2)
AT , 5"1;2 ' Sydz

and the full differential L7
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Vector algebra

Given two vectorsj andl  with norn|§,| =a |5|,=b and thelea,‘ifg between them,

LFindld+8]
2. Find the angl ¥ betwed+b  ahd
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Coordinates

The angle between two sets of Cartesian coordir,(‘?;y:' and(z’,¥’) icd

1. Find the relations between the unit vector(Z’,%") in terms of the unit vectors (Z:%) .

2. For an arbitrary vectJi> with compone,{%mAy:‘ in '-i*?t?:,y:' set, find its component',:fqh:r*aAy“:' ,
in the (Z,¥) set,
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Coordinates

AvectorB has three angles with the a3y
Prove that :

cosdo~tcosdf+tcosdy =1
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Derivatives
Given the function

flzy)=5z3+zcosy

compute:
8f(zy) 2flaw) 8% f(xy) B%f(z,W)
dx dy B2 Fy?

and show that @ 2f(=y) & 2f(z,y)
gy &z o8z Sy

0
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Differential equations
Solve the system of differential equations

@?1 = _2y1+yg
yg = yl_gyg

wherey =y (t) .
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Differential equations



Solve the system of differential equations

U= yg_gyl_P§1+FlEEwt
Yo = y3_3y3+y1_f’?3
y3:_2y3+yg_P§3+FBEﬁwt

wherey. =y (z) .
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Differential equations

Solve the system of differential equations

T+a5+b1 ity ztdiy = ket
Y+a,t+byi+cor+doy = kgetwt

wherex = ;m:t:]] Y= y(t:] .
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Differential equations

Solve the system of differential equations

@"1 = y1+2yg
Yy =3y,

Yg= 2y1—4y2+2y3

where v, = yﬁ-(t:l )
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Differential equations

Solve the system of differential equations

Yy = y;+2y,—29, +5cos(2t)
Yo =2y +yq—27,—2c0s(2t)

where v, = yﬁ-(t:l .
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Fourier series

For the sawtooth wawt)



1. Expand{(t) into the Fourier series both with real and comeefficients (.e. in the "sin/cos" and "exp"

forms)
2. Make sure that both series are equal.
3. Plot the functiori(t) and its approximation using the fildtmembers of the infinite Fouries series you

found. Check (qualitatively) how good the approxiima is for differentN's. (use any mathematical
program for this purpose,g.Matlab).
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The power of curvilinear coordinates

. 1/2
a disk of radiu has a density (‘?'@:y} = JD(SEE‘I'FE)

. . . . M= f f ofzy)dzdy
1) in Cartesian coordinates, try to find the dish&ss, .

2) now do it in polar coordinates.
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a=10 I

1 1

l1—x
sint .2
cosr .3
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A
2
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LG+RQ+5Q=0
R,L,C
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(@xb)x2 =(@)h--da 1
(axéy-(axa):(3-33)(5-3)_(3-33)(5-? 2
(@xb)x(2xd) =[a-(bxd)]2—[d-(bx2)d .3
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! 1
! 2
01 Math_intro/e_01_2 007.html
F=qVxB
g=2
D =2t+474+6k
F=4:-95+12k
B;=By#B, ! B
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bd = g2 —|—cg—2ac-cos{5'}
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Vectors

A vector that points from the origin to a movingesdi is given by:
r=(4t,sin(wt),Exp(-at))
find the velocity and acceleration of the object.
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Vectors

Given the vectorsA=(1,2,3) and3=(4,3,1).

a. calculate the length of both vectors.

b. find a unit vecto, that points the same directionAas
c. calculate the length & to verify that it is unity.

d. find the angle between the two vectarandB.

e. find the vectobD that points fronB to A.

f. find the vectolE that points fromA to B.
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@n4+1D)I=1-35-. . -(2n+1)
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ar~+Bi+yr =0
B o

z(t)=zy e~ L't sin(wt)
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B -« ar—pfz =0
B o'
rt)=A et A LB oAt
B- A

B A ﬂ{t:D}:vD- 1:{1’::[]}:3:0
# i
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B -« ar+Br=0
B o
z(t) = Acos{wt)+ Bsin(wt)

B- o w
B A ’u{t:[]:l:vm- 1:{1’::[]}:3:0
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o= 1+4k+3% $91 =671 42k
T +dqg+103=0 Tg
T1—Ug+04a =0 Tig
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A=(34)B=(6-8),C=(333),D=(213)
AB

y &
oxD
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2=47-1743%k b=67-37+2F d=27-27-%

%
d,5,2 d+b+2
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7=(3,4)

2 53 10 T

3. & -

B=(213)4=(333)

4. &

? =(12,cos5t,7)
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h(t) = hy+vy t-g £ /2
ho;gi\/O( O
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2
A=(@-420 , B=(23a,0)

o))

A1EB
A|B a
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U1 40q+703=0 T
T1—Ug+04 =0 g
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B- at+Sr =y
B o
z(t)= A+ Be—Ct
B- o c

B A ’u{t:D}:wU- :t?{ﬁ:[]}::]:[j
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¢ =2.99%108[m /3]
h=6.626*10"3%[kg*ma*s—1]
G =6.674*10"11[m3s—2kg—1]
[c]=L*T—!
[h]= M L2T-!
[G]= M —1L3*7—2

!
% !
!
!

(T—1)
(M L—3) !
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07_Kinematics/e_07_1_011.html
Velocity, acceleration, trajectory

A particle moves inthT—%  plain according to the:lx = k1%, y = kgig. Find: a) velocity, b)
acceleration, c) distance from the coordinate origi

07 _Kinematics/e_07_1 012.html
Velocity, acceleration, trajectory

A particle moves along the ellipz2 /a2+4y2 /b2 =1 sotdg/dt=const . Rtmevelocity and
acceleration. Find the radius of curvature.

07_Kinematics/e_07_1 013.html
Velocity, acceleration, trajectory

Trajectory is given by = k12 k=const ,arr =qt2 k=const az=const .F&d &nd

07_Kinematics/e_07_1 014.html

Velocity, acceleration, trajectory

Trajectory is given br =k¢ anw=wt k=const aw=const .Fidd &nd .aMk the angle
between the velocity and acceleration as a funadfdime ?

07_Kinematics/e_07_1 015.html

Velocity, acceleration, trajectory

Two spacecraft are orbiting Earth. The orbit radiid angular velocities are the same but one (A) &b
always above the equator, while the other (B)paabese the poles. When B is above the equator the
spacecraft A is on the opposite side of the diam€&tad the vectors connecting A and B as a fumctibtime.

07 _Kinematics/e_07_1 016.html

Velocity, acceleration, trajectory

Express the velocity vector (in general) in terrhspherical coordinates and unit vectgZ g 2,2y
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Velocity, acceleration, trajectory

A particle moves according to the liz = k1tcos{wt) y = kgtsin(wt) »=4¢2 . Find tlelocity and
acceleration.

07_Kinematics/e_07_1 018.html

Velocity, acceleration, trajectory

Derive the expression for the trajectory lengthtf@ motion with constant acceleration.

07_Kinematics/e_07_1 019.html
Velocity, acceleration, trajectory

A particle moves along the trajectcr = a/(1—ecosg)  in cylindicoordinates so thr2(de /dt) =
Herea € , and are constant parameters. (dr/dt) @scéidn ofr . Same as a function ¥*

07_Kinematics/e_07_1 020.html
Velocity, acceleration, trajectory

Given z(t) = Rcos(wt) ,y(t) = Rsin{wt) . Find the angle between the vectors afaigl and acceleration
as a function of time.

07_Kinematics/e_07_1 021.html
Velocity, acceleration, trajectory

Givenz(t) = Rexp(—,t)cos(w,t),y(t) = Rexp(—,t)sin(wyt) . Find the angle between the vectors
of velocity and acceleration as a function of time.

07 _Kinematics/e_07_1 022.html
Velocity, acceleration, trajectory

Givenr(t) =kt ,@(t) = wt . Find the tangential and normal acceleratis functions of time.

07 _Kinematics/e_07_1 023.html

Velocity, acceleration, trajectory

GivenVz () = vy+vgcoswt) vylt) =vsinwt)  Einco(t) anw(t) . what are the conditions an th
parameters for the absence of -intersection.

07_Kinematics/e_07_1_024.html

Velocity, acceleration, trajectory

GivenVz(t) = vg+uvgcoswt) vy(t) = vysin(wt) vz(t)=at Find the distance from the coordinate
origin to the particle as a function of time?*(t =0) =0

07_Kinematics/e_07_1 025.html

Velocity, acceleration, trajectory



In a universe all bodies move away from the coatdirorigin with the velocitieti = K'# , wheK = const
What would see an observer at an arbitrary pos? @

07_Kinematics/e_07_1_026.html
Velocity, acceleration, trajectory
A rabbit starts to run ¢ =0  from the po{:t?[],U} in thesjive direction of axit¥  with the veloci¥p

(magnitude !). A fox starts to run fro{D,D} at the samoment and its veloci¥=vy  always points towards
the rabbit. How much time does it take to catchréimbit.

07_Kinematics/e_07_1_027.html
Velocity, acceleration, trajectory

Givenag = agexp(—yt) ay = asin(wt) . Finc?(t) .

07_Kinematics/e_07_1 028.html
Velocity, acceleration, trajectory

Givenvz = vy exp(—7t) vy = “gyﬂiﬂ'@f:‘ Mz =1y, Tat  Write down the expression for the path
length (integral).

07 _Kinematics/e_07_1 029.html

Velocity, acceleration, trajectory

Given T = Tocos(wt) Y= Yosint) ,‘T’D?éy[] , find the tangential and normal compaser the
acceleration.

07_Kinematics/e_07_1 030.html

Velocity, acceleration, trajectory

A body starts from the equator of the sphere (tHEawith the radiu /£ and moves all the time ia ttorth-
east direction so that the velocity magnittde neseonstant. Where does it stop and how much dioes it
take ?

07_Kinematics/e_07_1_031.html
Velocity, acceleration, trajectory

A cannonball is fired in an angliﬁ over an inetlrplane of ang'@ . Show that in order for the cabat
to hit the plane horizontally, the angles mustiliutfie relation

tan(o) = %mn{ﬁ} _

figure 1 - A cannonball is fired over an inclineldmpe.

07_Kinematics/e_07_1 032.html

Velocity, acceleration, trajectory



Find the minimal velocity that is needed in ordethrow a body over a building with height h andltluiL.

07_Kinematics/e_07_1_033.html
Velocity Acceleration and Trajectory
Particle's motion is given by

a(t) =12¢2% 4 (18¢—8) 76t %
and

ro=(3,~14) .1y =(6,15,—3)

Find 3(t) and?(t) .

07_Kinematics/e_07_1 034.html

Velocity Acceleration and Trajectory

A ball is thrown in an anglz«  and initial veloc¥, and hits a building in a distanje at a h' 1t bo(ee
ground).
Find:

1. |"’-'0| .

2. The vectoﬁ (final velocity).

07_Kinematics/e_07_1_035.html

Velocity Acceleration and Trajectory

Particle moves according to
z(t) =rocoswt , y(t) = rygsinwt () = %atg
Find the normal acceleration and the curvaturaus &' .

07_Kinematics/e_07_1 036.html

Velocity Acceleration and Trajectory
Particle's trajectory is given by

o(t)= Ae” Vcoswt wylt) = Ae Visinwt
whereA w ancy are constants.

Find the magnitude of the normal and tangentia¢kzcation.
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Velocity, acceleration, trajectory

A cannonball is fired in an anglz's over an inetirplane of ang'@ . Show that in order for the cabat
to hit the plane horizontally, the angles mustiliutfie relation tan(o:} — %mn{ﬁ} .

figure 1 - A cannonball is fired over an inclineldpe.
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Kinematics

A particle leaves the origin &t 0 with an initial velocityv, = (3.6 m/s). It experiences a constant accelera

a=(-1.2 m/d)i — (1.4 m/9);.

(a) At what time does the patrticle reach its maximuooordinate?
(b) What is the velocity of the particle at this time?

(c) Where is the particle at this time?
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Kinematics

You drive on Interstate 10 from San Antonio to Hous on«half the time at 35.0 mi/h (= 56.3 km/h) and



other half at 55.0 mi/h (= 88.5 km/h).

On the way back you travel one-half the distanc@ad mi/h and the other half at 55.0 mi/h. Whataar
average speed

(a) from San Antonio to Houston?

(b) from Houston back to San Antonio?

and

(c) for the entire trip?

07_Kinematics/e_07_8_037.html
Kinematics

The position of an object moving in a straight liagjiven by x = At + Bt2 + Ct3,

where A =3.0 m/s, B=-4.0m/s2, and C = 1.0 m/s3

(a) What is the position of the object at t = 02,13, and 4 s?

(b) What is the object's displacement between andt = 2 s? Betweent=0and t =4 s?

(c) What is the average velocity for the time inggfromt=2tot=4s? Fromt=0tot=3s?

07_Kinematics/e_07_8_038.html
Kinematics

Two trains, each having a speed of 34 km/h, arddetoward each other on the same straight tradkrdA
that can fly 58 km/h flies off the front of oneitravhen they are 102 km apart and heads directlyhi® other
train. On reaching the other train it flies dirgdblack to the first train, and so forth.

(a) How many trips can the bird make from one ttaithe other before the trains crash?

(b) What is the total distance the bird travels?

07_Kinematics/e_07_8_039.html
Kinematics

The position of a particle moving along the x agigiven by x = A + Bt3, where A = 9.75 cm and B.80
cm/s3. Consider the time interval t = 2 to t =&hsl calculate

(a) the average velocity;

(b) the instantaneous velocity att =2 s;

(c) the instantaneous velocity att = 3 s;

(d) the instantaneous velocity att= 2.5 s;

and

(e) the instantaneous velocity when the particlmicdbwvay between its positions att=2 andt= 3 s.

07_Kinematics/e_07_8_040.html
Kinematics

For each of the following situations, sketch a frtyat is a possible description of position asrecfion of
time for a particle that moves along the x axist Atl s, the particle has

(a) zero velocity and positive acceleration;

(b) zero velocity and negative acceleration;

(c) negative velocity and positive acceleration;

(d) negative velocity and negative acceleration.

(e) For which of these situations is the speedefparticle increasing att =1 s?

07_Kinematics/e_07_8_041.html
Kinematics
If the position of an object is given by x = (2.0s®)t3, find

(a) the average velocity and the average accederbgtweent=1andt=2 s and
(b) the instantaneous velocities and the instaoiaaccelerations att=1 and t =



(c) Compare the average and instantaneous quardiiein each case explain why the larger onegeila

07_Kinematics/e_07_8_042.html

Kinematics

A train started from rest and moved with constaceeration. At one time it was traveling at 33.3 nand
160 m farther on it was traveling at 54.0 m/s. Gaite

(a) the acceleration,

(b) the time required to travel the 160 m,

(c) the time required to attain the speed of 338 m

and

(d) the distance moved from rest to the time thimthad a speed of 33.0 m/s.

07_Kinematics/e_07_8_043.html

Kinematics

At the instant the traffic light turns green, acamobile starts with a constant acceleration ofr@/&. At the
same instant a truck, traveling with a constanedps 9.5 m/s, overtakes and passes the automobile.
(a) How far beyond the starting point will the autabile overtake the truck?

(b) How fast will the car be traveling at that Bust?

(It is instructive to plot a qualitative graph of/grsus t for each vehicle.)

07_Kinematics/e_07_8_044.html|

Kinematics

The velocity of a particle moving in the xy plasegiven by v = [(6.0m/s2)t - (4.0 m/s3)t2]i + (8rds);.
Assume t> O.

(a) What is the acceleration when t = 3 s?

(b) When (if ever) is the acceleration zero?

(c) When (if ever) is the ve-locity zero?

(d) When (if ever)does the speed equal 10 m/s?

07_Kinematics/e_07_8 _045.html

Kinematics

A patrticle is moving in the xy plane with velocift) = vx(t)i + vy(t)j and acceleration a(t) = a)(t ay(t)].
By taking the appropriate derivative, show thatregnitude of v can be constant only if axvx + aypW.

07_Kinematics/e_07_8_046.html

Kinematics

The legal speed limit on a highway is changed f&&mni/h (= 88.5 km/h) to 65 rni/h (= 104.6 km/h).
How much time is thereby saved on a trip from tldf&o entrance to the New York City exit of thewWe
York State

Thruway for someone traveling at the higher speed this 435-mi (= 700-km) stretch of highway?

07_Kinematics/e_07_8_047.html

Kinematics

A car travels up a hill at the constant speed dt@ith and returns down the hill at the speed okih.
Calculate the average speed for the round trip.

07_Kinematics/e_07_8_048.html

Kinematics

An iceboat sails across the surface of a frozea Veikh constant acceleration produced by the wind.
At a certain instant its velocity is 6.308.43 in m/s.

Three seconds later the boat is instantaneousgsat

What is its acceleration during this interval?

07_Kinematics/e_07_8_049.html
Kinematics
A particle moves so that its position as a funcbbtime is



r(t) = Ai + Bt]j + Ctk

whereA= 1.0 m,B=4.0 m/¢, and C = 1.0 m/s.
Write expressions for

(a) its velocity and

(b) its acceleration as functions of time.

(c) What is the shape of the particle's trajectory?

07_Kinematics/e_07_8_050.html

Kinematics

A ball rolls off the edge of a horizontal tabletdp23 ft high. It strikes the floor at a point 5t horizontally
away from the edge of the table.

(a) For how long was the ball in the air?

(b) What was its speed at the instant it left tidd?

07_Kinematics/e_07_8 _051.html

Kinematics

You throw a ball from a cliff with an initial velay of 15 m/s at an angle of 2B&low the horizontal. Find
(a) its horizontal displacement and
(b) its vertical displacement 2.3 s later.

07_Kinematics/e_07_8 _052.html
Kinematics

Show that the maximum height reached by a progedily, . = (v, sin 0)%/2g, where g = 9.8 N9 is the

angle
between the initial trajectory and the plane ofgheund.

07_Kinematics/e_07_8 053.html

Kinematics

A ball rolls off the top of a stairway with a hooizatal velocity of magnitude 5.0 ft/so The steps&€fein. high
and 8.0 in. wide.

Which step will the ball hit first?

07_Kinematics/e_07_8_054.html

Kinematics

A person walks up a stalled I15-m-long escalat@®0rs. When standing on the same escalator, nownggothie
peison is carried up in 60 s.

How much time would it take that person to walkth@ moving escalator?

Does the answer depend on the length of the escalat

07_Kinematics/e_07_8_055.html

Kinematics

A transcontinental flight at 2700 mi is scheduledake 50 min longer westward than eastward.

The air speed of the jet is 600 mi/h.

What assumptions about the jet-stream wind velppitysumed to be east or west, are made in prepiduen
schedule?

07_Kinematics/e_07_8_056.html|

<!--[if lvml]--> Kinematics

A certain airplane has a speed of 180 milh andviegl at an angle of 27° below the horizontal wizeradar
decoy is released.

The horizontal distance between the release goththe point where the decoy strikes the gron2300 ft.
(a) How long was the decoy in the air?

(b) How high was the plane when the decoy was releaSed?he figure belo



07_Kinematics/e_07_8_057.html

Kinematics
A particle A moves along the ling=d (30 m) with a constant velocity(v = 3.0 m/s) directed parallel to t
in the figure below. A second partidiestarts at the origin with zero speed and constzrglaratiora (a = 0.
at the same instant that partiéi@passes thg axis.
What angle betweera and the positivg axis would result in a collision between these padicles?

]

07_Kinematics/e_07_8 058.html
Kinematics

A ball is dropped from a height of 39.0 m. The wisdblowing horizontally and imparts a constant accels
(a) Show that the path of the ball is a straight lind find the values dRand in the figure below.

(b) How long does it take for the ball to reach theugds?

(c) With what speed does the ball hit the ground?

(""\

39 m \

Y R

07_Kinematics/e_07_8 059.html

Kinematics

You throw a ball with a speed of 25.3 m/s at anl@nfj42.0° above the horizontal directly towardall as
shown in the figure below.

The wall is 21.8 m from the release point of thi. ba

(a) How long is the ball in the air before it hits tall?

(b) How far above the release point does the balhleittall?

(c) What are the horizontal and vertical componenissofelocity as it hits the wall




(d) Has it passed the highest point on its trajectdmgmit hits?

»

21.8m

g

07_Kinematics/e_07_8_060.html
Kinematics
A projectile is fired from the surface of level gral at an angle above the horizontal.

(a) Show that the elevation angleof the highest point as seen from
the launch point is related tg by tan = (1/2) tan .

(b) Calculate for =45°.

07_Kinematics/e_07_8_061.html

10_Newton/e_10 1 011.html

weight of a passenger

A plane takes off with the acceleratiD.5|g| at thela3(® to the horizon. What is the weight of the 75 kg
passenger

10 _Newton/e_10 1 012.html



Inertial and noninertial reference frames

What should be the length of the day on Earth topensate the gravity at the equator ?

10 Newton/e_10 1 013.html
Inertial and noninertial reference frames

A body starts moving with the velocity from thenter of the rotating disk (angular veloc#). There are n
external forces. Describe the motion from the pointiew of the rotating observer.

10_Newton/e_10_1_014.html
Inertial and noninertial reference frames

What is the weight of a standing 1000 kg car oneitpgator ? What is its weight if it is moving irethast
direction with the velocity 300 km/hour ?

10_Newton/e_10_1 015.html
Inertial and noninertial reference frames

A biker enters a quarter-circle turn of the rac swith the velocityt . What is the angle betweenltiier's
body and the vertical ?

10 Newton/e_10 1 016.html
Inertial and noninertial reference frames

A body hangs on a rope from the ceiling in a stagdiain. The train starts moving with the accdlerez.
What is the angle between the rope and the veflical

10_Newton/e_10 1 017.html
Inertial and noninertial reference frames

A body hangs on a rope from the ceiling in a roafiangular velocityww ) cell. The distance from tb&ation
center igr . What is the angle between the ropdlandertical ?

10 Newton/e_10 1 018.html

Inertial and noninertial reference frames

A horizontal carousel rotates with the angular ggjcw . What is the weight of a person who sitshat tadius
n?

10_Newton/e_10_1 019.html
Inertial and noninertial reference frames

A project of a space station suggests rotatiorrderoto produce artificial gravity. If the diametdrthe station
is 20 m, what should be the rotation period in otdgoroduce the gravity equivalent0.5g 2

10 _Newton/e_10 1 020.html
Inertial and noninertial reference frames

A body is moving alongt  axis with constant velo(¥z in the inertial (standing) frame. Write dovz/ (%)
andy’(t) in the rotating frame. What is the directibmaceleration as a function of time in the rotgtin



frame ?

10 _Newton/e_10 1 021.html
Inertial and noninertial reference frames

A body falls with the velocitv = g7[1—exp(—t/7)] (because of the air drag force). Write down thead
Newton law in its frame

10_Newton/e_10_1_022.html
Inertial and noninertial reference frames

A river flows from the north to the south in therti@rn hemisphere at the latitufle . The flow vejois v and
the river width isL . What is the difference of thater level at the western and eastern coastsr: (Hi
Coriolis.)

10_Newton/e_10 1 031.html
Particle dynamics, Newton laws

A particle is moving so thap = atd r= T‘Ue}ip(bi} ,Whezeh , , &l @mstants. Find the force.

10_Newton/e_10_1 032.html
Particle dynamics, Newton laws

A body (masen ) starts falling. The air friction cﬁeris?}r — —k% ,wherds = const ar@l is the body
velocity. Find@(t) and*(t) .

10_Newton/e_10_1_033.html
Particle dynamics, Newton laws

A body (masgn ) is thrown horizontally with the ialtvelocityTg. The air friction force iﬁf =k ,
wherek = const an@ is the body velocity. Fit(t)  ¢#(t)

10_Newton/e_10_1_034.html
Particle dynamics, Newton laws

ForceF',, = Fgsin?(wt) acts on a particle (mams ) which is intiall rest. Finc3(t) an?(t) .

10 Newton/e_10 1 035.html
Particle dynamics, Newton laws

At high speeds the air drag force (frictionﬁjr — —kv3. A body is falling vertically in the air with theitial
velocity@g. Find@(t) and®(t) .

10_Newton/e_10_1 036.html

Particle dynamics, Newton laws

A charged particle (chard2 , matis ) is acceletaydte electric field
E= Elsin{wlt}?x—I—Egsin[mgt}?y . Find the trajectory.




10_Newton/e_10_1 037.html

Particle dynamics, Newton laws

A charged particle moves with constant velo'{;‘_l_ﬁ ﬁ {magnetic field). Find the electric field.

10_Newton/e_10_1_038.html

Particle dynamics, Newton laws

A charged particle (magg , chadje , velovity gena cylinder with the lengfr . The entry poiratishe
cylinder axis, and the particles enters at theeaylto the axis. There is a homogeneous magnelitcdieng
the axis inside the cylinder. At what distance fribra axis the particle leaves the cylinder ?

10_Newton/e_10_1_039.html
Particle dynamics, Newton laws

A charged particle (mags , chafdje ) is at reshih@nogeneous magnetic fieﬁ = (D,D,B} . Suddenly, at

£=0 an electric fiel(E = (0,E,0) is switched on. The electrigdiis suddenly switched off t=7'/2 |
where T' =2 /(|g|B/m) . Describe the motion of the particle. Whats final energy ?

10_Newton/e_10_1_040.html
Particle Dynamics, Newton's Laws

A particle of mas# s at rest on top of a sph8teldenly it starts to slide.
(a) At which point it will leave the sphere?
(b) What is its velocity at that point?

10_Newton/e_10 1 041.html
Newton Laws

For the setting in the figure find the tension atle rope.

10_Newton/e_10 1 042.html

Newton Laws

The Atwood's Machine is composed of two unequalsm,(mﬁ}mlj

from frictionless and massless pul

hunging on inflexible string



s

What is the tension in the string? If the stringsvmainging from the ceiling was is the mass theait carry?

10_Newton/e_10_1_043.html

Particle Dynamics and Newton's Laws

A body free-fall in a presence of a drag forcehia torm ?ﬂ"fﬂg =—cviT
wherec = Const .

1. Draw the force diagram for the body during tre=ffall.

2. Find the equation of motion of the body.

3. What is the terminal velocit¥t , of the body €Tierminal velocity reached when the body is in
equilibrium.

4. Find the body velocity as a function of timesAme’”'@' =0

10_Newton/e_10 1 044.html

Particle Dynamics and Newton's Laws

On a circular hoop with raditis there is a beatitha move freely without friction.

The hoop is rotated in a constant frequency  artdh@dhorizontal axis.

1. What are the forces that act on the bead inlibgum.

2. Find the angléd in that state as a functiowof

3. What should bw in order to move the bead taémter of the hoop? can the bead move beyoncktiterc

of the hoop?
w “D

f"fl-r’-_F_ %Hhﬁ\
{L&l__ﬁé /

T

10_Newton/e_10_1_045.html

Particle Dynamics and Newton's Laws

A particle with masmm  move in a magnetic fig_,: BoZ  awBo=Const
Its initial velocity is7i = {ﬂsinqjﬂjﬂcosg} .
Find curvature radius.

10_Newton/e_10_1_046.html

Particle Dynamics and Newton's Law



A massm. is placed inside an upside down cone witbpgning angle &8
The cone is rotated around it's symmetry axisdorastant angular veloci‘y

The friction coefficient between the mass and theedss and the mass is at heifit  from the hedloeof
cone.

What are the maximal and minimal angular velocitreghich the mass will stay in that height?
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Friction

Block m, in the figure below has a mass of 4.20 kg andkiloghas a mass of 2.30 kg. The coefficient of
kinetic friction between mand the horizontal plane is 0.47. The inclinedplss frictionless. Finda) the
acceleration of the blocks afid) the tension in the string.
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Circular motion

A car moves at a constant speed on a straightilhutdad. One section has a crest (peak) and fitheosame
250-m radius, as shown in the figure bel@®).As the car passes over the crest, the normal tordbe car is
one-half the 16-kN weight of the car. What will the normal force on the car as it passes throughattom
of the dip?(b) What is the greatest speed at which the car care mithout leaving the road at the top of the
hill? (c) Moving at the speed found (b), what will be the normal force on the car as ivemthrough the
bottom of the dip?
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Newton Laws

A 5.5-kg block is initially at rest on a frictiorde horizontal surface.
It is pulled with a constant horizontal force 08 3.



(a) What is its acceleration?
(b) How long must it be pulled before its speefl.Bm/s?
(c) How far does it move in this time?
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Newton Laws

An electron travels in a straight line from thehoate of a vacuum tube to its anode, which is 1.5woay.
It starts with zero speed and reaches the anotleavdpeed of 5.8 X 106 m/s. Assume constant aeteler
and compute the force on the electron.

This force is electrical in origin. The electromsass is 9.11 X 10-31 kg.

10 Newton/e_10 8 068.html
Newton Laws

A car traveling at 53 km/h hits a bridge supporpassenger in the car moves forward a distanc8 ofrb
(with respect to the road) while being broughtdstiby an inflated air bag.
What force (assumed constant) acts on the passesdgeer torso, which has a mass of 39 kg?
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Newton Laws

A certain force gives object m1 an acceleratioh2® m/s2. The same force gives object m2 an aed®le of
3.30 m/s2.

What acceleration would the force give to an objdobse mass is

(a) the difference between m1 and m2 and

(b) the sum of m1 and m2 ?
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Newton Laws

Two blocks, with masses m1 = 4.6 kg and m2 = 3,8kg connected by a light spring on a horizontal
frictionless table. At a certain instant, when na2 lan acceleration a2 = 2.6 m/s2,

(a) what is the force on m2 and

(b) what is the acceleration of m1 ?

10_Newton/e_10 8 071.html

Newton Laws

A space traveler whose mass is 75.0 kg leaves.Ezothpute his weight
(a) on Earth,

(b) on Mars, where g = 3.72 m/s2, and

(c) in interplanetary space.

(d) What is his mass at each of these locations?

10_Newton/e_10_8_072.html
Newton Laws

A 12,000-kg airplane is in level flight at a sped#d®70 km/h.
What is the upward-directed lift force exerted bg &ir on the airplane?

10_Newton/e_10_8_073.html

Newton Laws

A jet plane starts from rest on the runway and lacates for takeoff at 2.30 m/s2 (= 7.55 ft/s2).

It has two jet engines, each of which exerts asthwii1.40 X 105 N (= 15.7 tons). What is the weighthe
plane’

10_Newton/e_10_8_074.html

Newton Laws

(a) Two 10-Ib weights are attached to a springeseal shown in the figure below. What is the readinipe
scale?

(b) A single I-Ib weight is attached to a spring scale which fitsehi—tached to a wall, as shown belc



What is the reading of the scale? (Ignore the wieafithe scale.)

Spring scale

10_Newton/e_10_8 075.html

Newton Laws

A car moving initially at a speed of 50 mi/h (~8@k) and weighing 3000 Ib (~13,000 N) is broughé& tstop
in a distance of 200 ft (~61 m). Find

(a) the braking force and

(b) the time required to stop.

Assuming the same braking force, find

(c) the distance and

(d) the time required to stop if the car were gdsgmi/h (~40 km/h) initially.

10 _Newton/e_10 8 076.html

Newton Laws

An object is hung from a spring scale attachedh¢oceiling of an elevator.

The scale reads 65 N when the elevator is starsdiihg

(a) What is the reading when the elevator is mpupward with a constant speed of 7.6 m/s?

(b) What is the reading of the scale when theatta\is moving upward with a speed of 7.6 m/s and
decelerating at 2.4 m/s2 ?

10_Newton/e_10 8 077.html

Newton Laws

A 77-kg person is parachuting and experiencingvansicard acceleration of 2.5 m/s2 shortly after opgrihe
parachute

The mass of the parachute is 5.2 kg.

(a) Find the upward force exerted on the parachythe air.

(b) Calculate the downward force exerted by thegeion the parachute.

10_Newton/e_10_8 078.html

Newton Laws

A 15,000-kg helicopter is lifting a 4500-kg car tvian up—~ward acceleration of 1.4 m/s2. Calculate
(a) the vertical force the air exerts on the hglteo blades and

(b) the tension in the upper supporting cable.tBegicture belov
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Newton Laws

A 1400-kg jet engine (below) is fastened to theefage of a passenger jet by just three bolts ighise usual
practice). Assume that each bolt supports-third of the load.

(a) Calculate the force on each bolt as the plaaieswn line for clearance to take off.

(b) During flight, the plane encounters turbulengkich suddenly imparts an upward vertical accélemeof
2.60 m/s2 to the plane.

Calculate the force on eag:h bolt now. Why

are timige bolts used?
L

10_Newton/e_10_ 8 _080.html

Newton Laws

A child's toy consists of three cars that are pliletandem on small frictionless rollers as shamvthe figure
below.

The cars have masses m1 = 3.1 kg, m2= 2.4 kg, & 12 kg. If they are pulled to the right with a
horizontal force P = 6.5 N, find

(a) the acceleration of the system,

(b) the force exerted by the second car on thd tar, and

(c) the force exerted by the first car on the sdomar
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Newton Laws

Two blocks are in contact on a frictionless tabke shown below. A horizontal force is applied te dfock, as
shown below.

(@) If ml1=2.3kg, m2=1.2 kg, and F = 3.2 Ngfilme force of contact between the two blocks.

(b) Show that if the same force F is applied toratBer than to m1, the force of contact betweerbtbeks is
2.1 N, which is not the same value de-rived inExplain.

10_Newton/e_10_ 8 _082.html
A body with mass m is acted on by two forces F1RBRadas shown in the figure below.
Ifm=5.2kg, F1=3.7 N, and F2 = 4.3 N, find thextor acceleration of the body.

10 _Newton/e_10 8 083.html

A 5.1-kg block is pulled along a frictionless flday a cord that exerts a force P = 12 N at an ange25°
above the horizontal, as shown in the figure below.

(a) What is the acceleration of the block?

(b) The force P is slowly increased. What is thieieaf P just before the block is lifted off thedk?

(c) What is the acceleration of the block just befibis lifted off the floor
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A worker drags a crate across a factory floor biimion a rope tied to the crate.

The rope, which is inclined at 38.0° above the zmntal, exerts a force of 450 N on the crate.
The floor exerts a horizontal resistive force 0b I, as shown in the figure below.

Calculate the acceleration of the crate

(a) if its mass is 96.0 kg, and

(b) if its weight is 96.0 N.

10 _Newton/e_10 8 085.html

A 1200-kg car is being towed up an 18° incline bgams of a rope attached to the rear of a truckrape
makes an angle of 27° with the incline.

What is the greatest distance that the car caoweed in the first 7.5 s starting from rest if tlope has a
breaking strength of 4.6 kN?

Ignore all resistive forces on the car. See therédelow:

10 Newton/e_10 8 086.html
A 110-kg crate is pushed at constant speed ugtofrless 34° ramp, as shown in the figure below.
What horizontal force F is required? (Hint: Resdimees into components parallel to the ran
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An elevator weighing 6200 Ib is pulled upward bgadle with an acceleration of 3.8 ft/s2.

(a) What is the tension in the cable?

(b) What is the tension when the elevator is acathey downward at 3.8 ft/s2 but is still movingwgrd?

10_Newton/e_10 8 088.html

A lamp hangs vertically from a cord in a descendilgyator.

The elevator has a deceleration of 2.4 m/s2 befonging to a stop.

(a) If the tension in the cord is 89 N, what is thass of the lamp?

(b) What is tension in the cord when the elevasaeads (goes up) with an upward acceleration ofri2s2?
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An 11-kg monkey is climbing a massless rope attdd¢ber 15-kg log (piece of wood) over a frictiorddsee
limb.

(a) With what minim-mum acceleration must the mongkyb up the rope so that it can raise the 15ekpdff
the ground?

If, after the log has been raised off the grouhd,monkey stops climbing and hangs on to the nopat will
now be

(b) the monkey's acceleration and

(c) the tension in the rope?

10 _Newton/e_10 8 090.html

The figure below shows a section of an alpine cablesystem. The maximum permitted mass of eactvitia
occupants is 2800 kg.

The cars, riding on a support cable, are pulled bgcond cable attached to each pylon (suppontnegiu
What is the difference in tension between adjaseations of pull cable if the cars are acceleratedt a 35°
incline at 0.81 m/s2, as shown below?

S:up;':ﬁ'rt' cable —
Pull cable
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The man in the figure below weighs 180 Ib; thefplat and at-tached frictionless pulley weigh altofad3
Ib. Ignore the weight of the rope.

With what force must the man pull up on the roperitter to lift himself and the platform upward a2 1t/s2?

10_Newton/e_10_ 8 092.html

Block B in the figure below weighs 712 N. The daaént of static friction between block B and ttable is
0.25.

Find the maximum weight of block A for which bloBkwill remain at rest.

10_Newton/e_10_ 8 093.html

Block m1 in the figure below has a mass of 4.2@&kd block m2 has a mass of 2.30 kg.
The coefficient of kinetic friction between m2 ath@ horizontal plane is 0.47.

The inclined plane is frictionless. Find

(a) the acceleration of the blocks and

(b) the tension in the strin



10_Newton/e_10_8 094.html

In the figure below, object B weighs 94.0 Ib angeabA weighs 29.0 Ib.

Between object B and the plane the coefficierdtafitic friction is 0.56 and the coefficient of &tit friction
is 0.25.

(a) Find the acceleration of the system if B isiatly at rest.

(b) Find the acceleration if B is moving up therga

(c) What is the acceleration if B is moving dowe fflane? The plane is inclined by 42.0°.
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During an Olympic bobsled run, a European teamstakeeirn of radius 25 ft at a speed of 60 mi/h.
What acceleration do the riders experience

(@) in ft/s2 and

(b) in units of g?
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A 2400-Ib (= 10.7-kN) car traveling at 30 mi/h (3.4 m/s) attempts to round an unbanked curve witddas
of 200 ft (= 61.0 m).

(a) What force of friction is required to keep ttag on its circular path?

(b) What minimum coefficient of static friction lveten the tires and road is required?

10 _Newton/e_10 8 097.html

A circular curve of highway is designed for traffroving at 60 km/h (= 37 mi/h).

(a) If the radius of .the curve is 150 m (= 490\that is the correct angle of banking of the road?

(b) If the curve were not banked, wheduld be the minimum coefficient of friction betwetres and road th
would keep traffic from skidding (slipping) at trepeed?

10 _Newton/e_10 8 098.html
A conical pendulum is formed by attaching a 53-gljpe to a .4-m string.
The pebble swings around in a circle of radius 125



(a) What is the speed of the pebble?
(b) What is its acceleration?
(c) What is the tension in the string?

10 Newton/e_10 8 099.html

A banked circular highway curve is designed fofficanoving at 95 km/h. The radius of the curv& i) m.
Traffic is moving along the highway at 52 km/h ostarmy day.

(a) What is the minimum coefficient of friction eten tires and road that will allow cars to turthout
sliding?

(b) With this value of the coefficient of frictiomhat is the greatest speed at which the carsuramtithout
sliding?
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A particle of mass m is subjected to a net fordg dgiyen by F(t)=Fo(1-t/T) that is, F(t) equals Fo att =0 and
decreases linearly to zero in time T. The parfeasses the origin x = 0 with velocityiv&how that at the
instant t = T that F(t) vanishes, the speed v astdudce x traveled are given by v(T) = vo + ao®ta] x(T) =
voT + aoT”2/3, where ao = Fo/m is the initial aecation.
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A horizontal force F of 12 Ib pushes a block wanghs.0 |b against a vertical wall as shown infigare
below.

The coefficient of static friction between the watid the block is 0.60 and the coeffient of kinetic friction it
0.40. Assume the block is not mov=ing initially.

(a) Will the block start moving?

(b) What is the force exerted on the block by tladi?v
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7.96-kg block rests on a plane inclined at 2200the horizontal, as shown in the figure below.

The coefficient of static friction is 0.25, whillee coefficient of kinetic friction is 0.15.

(a) What is the minimum force F, parallel to thar@, that will prevent the block from slipping dotine
plane?

(b) What is the minimum force F that will start thieck moving up the plane?

(c) What force F is required to move the block lup plane at constant velocity?

10_Newton/e_10 8 103.html



The two blocks, m = 16 kg and M = 88 kg, shownhia figure below are free to move.
The coefficient of static friction between the tkeds 0.38, but the surface beneath M is frictiegle
What is the minimum horizontal force F requirechtsd m against M?

No friction
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A massless rope is tossed over a wooden doweh@ey) of radius r in order to lift a heavy objettweight
W off of the floor, as shown in the figure below.

The coefficient of sliding friction between the sopand the dowel is mu. Show that the minimum dowdwa
pull on the rope necessary to lift the object iswd=Wexp(pi mu

(Hint: This problem requires techniques from imgggalculus.)

10 _Newton/e_10 8 105.html

A 4.40-kg block is put on top of a 5.%@ block. In order to cause the top block to sliptiee bottom one, he
fixed, a horizontal force of 12.0 N must be appliedhe top block.

The assembly of blocks is now placed on a horapfrictionless table, as shown below Find

(a) the maximum horizon-tal force F that can bdiaggo the lower block so that the blocks will neov
together,

(b) the resulting acceleration of the blocks, and

(c) the coefficient of static friction between thiecks.
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| 550kg
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You are driving a car at a speed of 85 km/h whanryatice a barrier across the road 62 m ahead.

(a) What is the minimum coefficient of static frart between tires and road that will allow you topswithout
striking the barrier?

(b) Suppose that you are driving at 85 km/h orrgel@mpty parking lot. What is the minimum coeéiti of
static friction that would allow you to turn therca a

62-m radius circle and, in this way, avoid collismith a wall 62 m ahead?
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A car moves at a constant speed on a straightilytoad. One section has a crest (peak) anafithe same
250-m radius, as shown in the figure below.

(a) As the car passes over the crest, the nownz bn the car is one-half the 16-kN weight ofdche What
will be the normal force on the car as it passesutdh the bottom of the dip?

(b) What is the greatest speed at which the acantave without leaving the road at the top of tii h

(c) Moving at the speed found in (b), what willthe normal force on the car as it moves throughbthttom
of the dip?
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A 1.34kg ball is attached to a rigid vertical rod by meaitwo massless strings each 1.70 m long. Thegs
are attached to the rod at points 1.70 m apart.

The system is rotating about the axis of the radh Istrings being taut and forming an equilataiahgle with
the rod, as shown below.

The tension in the upper string is 35.0 N.

(a) Find the tension in the lower string.

(b) Calculate the net force on the ball at theansshown in the figure.

(c) What is the speed of the be
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A very small cube of mass m is placed on the msida funnel (see figure below) rotating abouettigal axis
at a constant rate of w revolutions per second.

The wall of the funnel makes an angle theta withttbrizontal. The coefficient of static frictiontb@en cube
and funnel is mu and the center of the cube istidtance r from the axis of rotation.

Find the

(a) largest and

(b) smallest values of w for which the cube widt move with respect to the funnel.
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conservative forces

For each of the forces given below check whethisrabnservative and find the potential energposible:
a) Fp=2yz(1-6zyz) , Fy=2zz(1-6zyz) . F, =2zy(l-6zyz)

b) F,. = y2—|-2:2—|—2{3:y—|—yz+za:j  Fly = :1:2—|—32—|—2{:t:y+y2:—|-2:a:} P, =14 —|—:1:2—|—2{:1:y+y2:—|-2:a:}
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Potential energy, conservation laws

Potential energy is given L = a,/rg—b,/r . At wiat  apartigéni equilibrium ?
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period of the bound motion

Potential energy is given tU(x) = k|z|  (one-dimensional owti Find the period of the bound motion of
the particle with the enercZ >0
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Potential energy, conservation laws

Force is given biF'p = a/pg Fp= bsinfp/pg (cylindrical coordinates)the force conservative ? If yes,
find the potential. What is conserved in this fofce
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Potential energy, conservation laws

Potential energy is given in polar coordinatesV = acoscp/p Find the force. Is angular momentum
conserved ? Find the torquel 2,
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Potential energy, conservation laws

A particle orbit isT = a({1—cos¢) . Find the central force.

13_Energy_momentum/e_13_1 017.html
Potential energy, conservation laws

A bead (mas@t ) is moving on a circularly shape@¢ = const) without friction and is connected to the
two points P1 = (0,—r/2) anPy={0,r/2) , with identical springs (sprirmstanik ) of initially zero
length (so thq?| =kl whell: is the length of the spriayyWrite down the force vectors. b) Derive the

potential energy (if the forces are conservatieg}ind the velocity as a function of ani¥ (for a given
energy). ¢) Find the angular momentum relativénéodoordinate origin as a function ¥
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Potential energy, conservation laws

A bead (masm ) is moving on an elliptically shaf = = p/{1—ecose ) wire without friction. The bead is
attracted to the fOCL{D,D} by the force inversely propnal to the distanc™1  squared between the apdd
the focus|?|1 = kl/r% . The bead is attracted to the centtireoéllipse by the force proportional to the
distance”2 between the bead and the ce|?|2 =kgr, . & down the force vectors. b) Derive the

potential energy (if the forces are conservatieg}ind the velocity as a function of ani# (for a given
energy). ¢) Find the angular momentum relativédnéodoordinate origin as a function ¥
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Potential energy, conservation laws
In a galaxy the gravitational potential (potengakrgy) isl = —k/r“ O<a<l . Find the relation between

the total energy and angular momentum for circataits. Find the dependence of the orbit periodhen
radius.
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Potential energy, conservation lan



A particle moves under the influence of the by hialv is in the coordinate origin. In the beginnthg
particle is at a very large distance fr&, moves with the velocity and would pass at tistegice! fronQ

if there were no interaction (this is called \tgxtnpact parameter}). What is the minimal distartween the
particle ancQ for the potential energy U = k&/r® (analyk>0 &<0 ).
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Potential energy, conservation laws

Find () for a particle witt & =0 in the potential enelU(r) = —az2/2+bz? /4. (Hint: £ — O for
t——00.)
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apogee and perigee

A satellite of the magmt , moving in the Earth pogil7(r) = —&/r, has the total ener¢Z  and angular
momenturr J . Find the maximuragogeé¢ and minimum gerigeg distance from the Earth.
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Potential energy, conservation laws
A particle (mas#n ) is moving in the central fil7 = —k /r on a circular orbi” = . The energy and

angular momentum suddenly are change A& ATl t ®vbahe maximal and minimal distances
from the attracting body on the new orbit ?
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Energy Conservation and Work

A necklace is laying on a table without friction @ha quarter of it is hunging from the edge.
The necklace's length £ and its madgtlis

What is work needed in order to pull the necklacthe table?

Do it in two ways:

(a) Using the definition of work.

(b) Using energy conservation.
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Momentum Conservation

The mass of a rocket at titie is given by
m(t)=moe—t (o is constatnt)

due to gases that exhausting from it (in the ogpalrection).

The gases velocity ‘. with respect to the rocket.

If the rocket take off from earth

1. What is the condition for the rocket to take diéspite the gravity force?

2. Find the rocket velocity as a function of time.

3. A friction force of the forn? =—pfmi 15 IS constant) isalacting on the rocket, fir’?“it:'
4. What is the rocket velocity after a long tirt — oo ? )
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Potential Energy, Coservation Laws

A particle move in a potential energy
Ulr)=352-13



1. What is the force? draw the graph of U(x).

2. What is the direction of the force at every pdin

3. What are the equilibrium points? are they stable
4. For given energies, what are the possible t@jes?
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Work

Two forces acting on a patrticle
Py =74127437 §
Fo=47-57-27N
The particle moves from the poiA =(20,150) 1o the p(B =(0,0,7)

1. What is the work done on the particle?
2. What would be the work if the particle move frBito 4 ?
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Work

A particle move according to
#(t) =acoswtT +bsinwty

1. Find the kinetic energy of the particle in thoénps A=(@0) ancB=0b)
2. What is the work done on the particle by thetrieetal force between the poird  eB1  ?

3. Show that in order to bring back the particlpdint A the work needed is 0.
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Momentum Conservation

A rocket is moving due to exhausting gases at telbcity in the opposite direction. The gases aoelpcts of
fuel burning so the mass of the rocket is redudieti@time. The rate of exhausting is constant duedgases

velocity isu with respect to the rocket.

1. Derive the equations of motion for a rocket mgvin space (far from earth). Find the volcity dsraction o
time where you can assume tv(0) =0 m0)=m

2. If the rocket takes off from earth what is itdacity as a function of time?
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Potential energy, conservation laws

A patrticle's trajectory is
r=rge¥ro=Const

and it moves in a central force. FiU',:’-’":'
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Potential energy, conservation laws

k
A particle (massn_, ener¢cZ<0 ) movein a poter‘tfr,'(’-'“:' = —rk>0

such tha”maz = 27 .

Find the angular momentu
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Potential energy, conservation laws

A particle (mas#n ) move in central field

Ulr) = —7=,k>0

in a circular orbit. Its angular momenturrJ/s .

Find its energy and the time that is needed to ¢et@@ cycle.
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Collisions

A massjd is attached to a loose spring (spring eot ) and lies on a plane with kinetic friction coeféint

M
A bullet (masgn ) is fired toward the mass in a gycu.
How much will the spring contract?
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Momentum Conservation

A particle is at rest in a constant magnetic {3 — g+
Suddenly it decays into 3 particles (with mass @marge) 1,4 ™5,—¢ ancdmg

The particles™,4 and”n,—¢ make a circular motion withnagter of [; ani respectively.

Assume that the angle between the initial velogitieEm1 and m2 iy
What is the velocity of the third particle?
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Many Particle System

Show that the kinetic energy of two particles withsse®1 an™y  splits into the kinetic energy of the
center of mass and the kinetic energy of the redanotion.
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Many Particle System

Two bodies ™ anfq ) are atdistany,2 from each other
At ¢t = ™ starts to "pull'™q with a constant for

1. Where will the masses meet?
2. What will be the velocities of the bodies beftrey collide?
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Definition of torque

A patrticle is located F =(0.54mJ1 +(-0.36mJ7 +0.85mJk A constant force of magnitude 2.6N acts
the particle. find the components of the torqueualtioe origin when the force acts in

a) the positiveT direction.
b) the negativiZ direction.
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F=(y2-22)z+3zy7 -
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Momentum

A body is thrown vertically up with initial speed o with the influence of gravity. After its

momentum changes by

1. What is the bodies mass?

2. What is the force acting on the body (use oméydiven)?
3. What is the velocity after ?
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Momentum

A bullet with mass and speed is shot towarddlesti@ pendulum with mass . how high
will the pendulum rise after the collision? whathe percentage of the lost energy?
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Momentum

A disk with mass slides on a smooth horizontalasie with velocity — and collides with a second disk

with mass  which is at rest. After the collisioe ttecond disk moves with velocity in a directién o

relative to the direction of the first disks iaitmotion.
1. What is the velocity of the first disk after tballision?
2. Was the collision totally elastic?
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Momentum

a ball with mass is thrown vertically up and blopito three pieces at the top of its path. The firsce,
with mass , moves up with velocity and the sequede, whose mass is , moves right witt
a velocity of . What is the velocity of the thircepe?
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To push a 52-kg crate across a floor, a workeriepjal force of 190 N, directed 22° below the hartab
As the crate moves 3.3 m, how much work is donthercrate by

(a) the worker,

(b) the force of gravity, and

(c) the normal force of the floor on the crate?
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A 106-kg object is initially moving in a straighthk with a speed of 51.3 m/s.

(a) If it is brought to a stop with a deceleration &71m/€, what force is required, what distance does the
object travel, and how much work is done by thedGr

(b) Answer the same questions if the object's deatbn is 4.82 mfs
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To push a 25-kg crate up a 27° incline, a workertsxa force of 120 N, parallel to the incline.
As the crate slides 3.6 m, how much work is donéhercrate by

(a) the worker,

(b) the force of gravity, and

(c) the normal force of the incline?
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A 52.3-kg trunk is pushed 5.95 m at constant spgea 28.0° incline by a constant horizontal force.
The coefficient of kinetic friction between theniuand the incline is 0.19. Calculate the work dbpe
(a) the applied force and

(b) the force of gravity.
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A 47.2-kg block of ice slides down an incline 1r6dong and 0.902 m high. A worker pushes up ondee
parallel to the incline so that it slides down ahstant speec

The coefficient of kinetic friction between the iaed the incline is 0.110. Find

(a) the force exerted by the worker,

(b) the work done by the worker on the block of &ed

(c) the work done by gravity on the ice.
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In a 100-person ski lift, a machine raises passsrayeraging 667 N in weight a height of 152 m5r05s, at
constant speed.

Find the power output of the motor, assuming ntirhal losses.
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What power is developed by a grinding machine whaseel has a radius of 20.7 cm and runs at 2.58 rev
when the tool to be

sharpened is held against the wheel with a fordB0fN? The coefficient of friction between theltand the
wheel is 0.32.
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A fully loaded freight elevator has a total mas4220 kg. It is required to travel downward 54.5143.0 s.
The counter weight has a mass of 1380 kg. Finghdlweer output, in hp, of the elevator mot



Ignore the work required to start and stop thealmy that is, assume that it travels at constae¢d.
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The figure below shows a spring with a pointercteal, hanging next to a scale graduated in milkenset
Three different weights are hung from the springurn, as shown.

(a) If all weight is removed from the spring, whiatark on the scale will the pointer indicate?

(b) Find the weight W.
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A spring has a force constant of 15.0 N/cm.

(a) How much work is required to extend the spiit®) mm from its relaxed position?
(b) How much work is needed to extend the springditional 7.60 mm?
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An object of mass 0.675 kg on a frictionless tablattached to a string that passes through aimdhe table ¢
the center of the horizontal circle in which thgemb moves with constant speed.

(a) If the radius of the circle is 0.500 m and $peed is 10.0 m/s, compute the tension in thegstrin

(b) 1t is found that drawing an additional 0.200frthe string down through the hole, thereby redgdthe
radius of the circle to 0.300 m, has the effeanattiplying the original tension in the string by68. Compute
the total work done by the string on the revolvaigect during the reduction of the radius.
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A force acts on a 2.8Kg particle in such a way that the position of plagticle as a function of time is given
X = (3.0 m/s)t - (4.0 m/s2)t2 + (1.0 m/s3)t3.

(a) Find the work done by the force during thet#® s.

(b) At what instantaneous rate is the force doigkvon the particle at the instant t = 3.0 s?
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A 3700-Ib automobile (m = 1600 kg) starts from m@sta level road and gains a speed of 45 mi/h (kn7/h)
in 33 s.

(a) What is the kinetic energy of the auto at the ef the 33 s?

(b) What is the average net power delivered tacHreduring the 33-s interval?

(c) What is the instantaneous power at the enteo88-s interval assuming that the accelerationosastant?

13_Energy_momentum/e_13 8 100.html

The figure below shows an arrangement of pulleygsgthed to facilitate the lifting of a heavy loadAssume
that friction can be ignored everywhere and thathlleys

to which the load is attached weigh a total 0D2B. An 840-Ib load is to be raised 12.0 ft.

(a) What is the minimum applied force F that cértlie load?

(b) How much work must be done against gravityiftmp the 840-Ib load 12.0 ft?

(c) Through what distance must the applied forcexmted to lift the load 12.0 ft?

(d) How much work must be done by the applied fdr¢e accomplish this tas
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A 1380-kg block of granite is dragged up an incte con-stant speed of 1.34 m/s by a steam Waszh

figure below).
The coefficient of kinetic friction between the bkoand the incline is 0.41. How much power mussineplied

by the winch
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An escalator joins one floor with another one 8128@bove. The escalator is 13.3 m long and movewjate
length at 62.0 cm/s.

(a) What power must its motor deliver if it js réea to carry a maximum of 100 persons per minoite,
average mass 75.0 kg?

(b) An 83.5-kg man walks up the escalator in 9.538@v much work does the motor do on him?

(c) If this man turned around at the middle andkedldown the escalator so as to stay at the sarakite
space, would the mo-tor do work on him? If so, wiawer does it deliver for this purpose?

(d) Is there any (other?) way the man could watkglthe escalator without consuming power fromntio¢or?
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(a) Estimate the work done by the force shown engtlaph below in displacing a particle from x = Tawx =3
m.

Refine your method to see how close you can contigetexact answer of 6 J.

(b) The curve is given analytically by F =x&/ where A = 9 N. m2. Show how to calculate the waykhe
rules of integratiol
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A 0.550-kg projectile is launched from the edga afiff with an initial kinetic energy of 1550 Jaat its
highest point. is 140 m above the launch point.

(a) What is the horizontal component of its velgeit

(b) What was the vertical component of its velogitst after launch?

(c) At one instant during its flight the verticalrmponent of its velocity is found to be 65.0 m/sti#at time,

how far is it above or below the launch point?
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A 263-g block is dropped onto a vertical springhafitrce constant k = 2.52 N/cm (see the figurewglo
The block sticks to the spring, and the spring casges 11.8 cm before coming momentarily to rest.
While the spring is being compressed, how much vidone

(a) by the force of gravity and

(b) by the spring?

(c) What was the speed of the block just befohit ithe spring?

(d) If this initial speed of the block is doubledhat is the maximum compression of the spring? igfiaction.
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An object of mass m accelerates uniformly from test speed; in timet;.

(@) Show that the work done W on the object asatfan of time tis W = m{/ t)?t%/2.
(b) As a function of time t, what is the instantang power delivered to the object?
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A 220-lb man jumps out a window into a fire netfBBelow. The net stretches 4.4 ft before brindhng to
rest and tossing him back into the air. What ispibential energy of the stretched net?
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A frictionless roller-coaster car starts at poinin&he figure below with speédo. What will be the speed of
the car

(a) at point B,

(b) at point C, and

(c) at point D? Assume that the car can be corsttarmparticle and that it always remains on theki
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The figure below shows a 7.94-kg stone resting spring. The spring is compressed 10.2 cm by threest

(a) Calculate the force constant of the spring.

(b) The stone is pushed down an additional 28.@&wdchreleased. How much potential energy is storela
spring just before the stone is released?

(c) How high above this new (lowest) position wiie stone rise
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A 1.93-kg block is placed against a compressechgpn a frictionless 27.0° incline (see the fighedow).

The spring, whose force constant is 20.8 N/cmpmmressed 18.7 cm, after which the block is rekkadew

far up the incline will the block go before comitogrest?
Measure the final position of the block with redpedts position just before being relea:
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A 2.14kg block is dropped from a height of 43.6 cm ong&peng of force constant k = 18.6 N/cm, as shau

the figure below.
Find the maximum distance the spring will be corapee
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Two children are playing a game in which they thhit a small box on the floor with a marble firedm a

spring-loaded gun that is mounted on a table.

The target box is 2.20 m horizontally from the ed@éhe table; see the figure below. Bobby commsske
spring 1.10 cm, but the marble falls 27.0 cm short.

How far should Rhoda compress the spring to schie?:
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A particle moves along the x axis through a regiowhich its potential energy U(x) varies as shawthe
figure below.

(a) Make a quantitative plot of the force F(x) thats on the particle, ustg the same x axis scale as the fig

(b) The particle has a (constant) mechanical enErgy4.0 J. Sketch a plot of its kinetic energyx)xdirectly
on this figure
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An ideal massless spring can be compressed 2.38/@force of 268 N. A block whose mass is m = %38
is released from rest at the top of the inclinstasvn in the figure below,

the angle of the incline being 32.0°. The block esrto rest momentarily after it has compressedsgrisig by
5.48 cm.

(a) How far has the block moved down the inclinéheg moment?

(b) What is the speed of the block just as it t@sctine spring
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A small block of mass m slides along the fricti@déoop-the-loop track shown in the figure below.

(a) The block is released from rest at point P. ##h#he net force acting on it at point Q?

(b) At what height above the bottom of the loopudtdhe block be released so that it is on thee@fgosing
contact with the track at the top of the lo
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A block of mass m at the end of a string swinga wertical circle of radius R under the influenég@vity
only.

Find the difference between the magnitudes oféhsibn in the string at the top of the loop anthatbottom
of the loop assuming the

block is always moving fast enough so that thexgtriever goes slack.
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A boy is seated on the top of a hemispherical mainde (see figure below). He is given a very dmpakh
and starts sliding down the ice.

Show that he leaves the ice at a point whose hed@R/3 if the ice is frictionless. (Hint: The moal force
vanishes as he leaves the i
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A particle is projected horizontally along the imbe of a frictionless hemispherical bowl! of radiysvhich is

kept at rest (see figure below).
We wish to find the initial speed vo required foe fparticle to just reach the top of the bowl. Riodas a

function of. o, the initial angular position of the partic
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3. A 4.88-kg object with a speed of 31.4 m/s sBiliesteel plate at an angle of 42.0° and rebouritie aame
speed and angle.

What is the change (magnitude and direction) ofittear momentum of the object?
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5. A ball of mass m and speed v strikes a wall @edpcularly and rebounds with undiminished speed.

(a) If the time of collision is t, what is the average force exerted by the batherwall?

(b) Evaluate this average force numerically foulaler ball with mass 140 g moving at 7.8 rn/s;dtation o
the collision is 3.9 ms.
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6. A golfer hits a golf ball, imparting to it anitial velocity of magnitude 52.2 m/s directed 30®ae the
horizontal.

Assuming that the mass of the ball is 46.0 g &edcctub and ball are in contact for 1.20 ms, -



(a) the impulse imparted to the ball,
(b) the impulse imparted to the club, and
(c) the average force exerted on the ball by thb.cl
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9. The figure below shows an approximate repretientaf force versus time during the collision db&g
tennis ball with a wall.

The initial velocity of the ball is 32 m/s perpeaudlar to the wall; it rebounds with the same speésh
perpendicular to the wa

What is the value of Fmax, the maximum contactdataring the collision?
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11. A croquet ball with a mass 0.50 kg is struckabmallet, receiving the impulse shown in the graph
What is the ball's velocity just after the forces lb@come zero?
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14. A pellet gun fires ten 2.14-g pellets per selcaith a speed of 483 m/s. The pellets are stopyearigid
wall.

(a) Find the momentum of each pellet.

(b) Calculate the average force exerted by thastref pellets on the wall.

(c) If each pellet is in contact with the wall fb25 ms, what is the average force exerted on #ieby each
pellet while in contact? Why is this so differerarh (b)?
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18. A railroad flatcar of weight W can roll withofriction along a straight horizontal track. Inltjg a man of
weight w is standing on the car,

which is moving to the right with speed Vo. Whathe change in velocity of the car if the man rtonthe left
(Figure) so that his spe:



relative to the car isrel just before he jumps off at the left end?
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20. The blocks in the figure below slide withouttion. What is the velocity v of the 1.6-kg bloelkter the
collision?

13_Energy_momentum/e_13 8 127.html

22. Meteor Crater in Arizona (see Fig. below) isught to have been formed by the impact of a meéeaith
the Earth some 20,000 years ago.

The mass of the meteorite is estimated to be 520 k@ and its speed to have been 7.2 km/s. Whatspe
would such a meteorite impart to the Earth in alh@acollision?
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23. A 5.18-g bullet moving at 672 m/s strikes a-glwood~n block at rest on a frictionless surface.
The bullet emerges with its speed reduced to 428 lRrd the resulting speed of the block.
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25. Two objects, A and B, collide. A has mass 2j0dnd B has mass 3.0 kg. The velocities beforedhision
are ViA = (15 m/s)i + (30 m/s)j

and viB = (-10 m/s)i + (5.0 m/s)j. After the colbs, VA = (- 6.0 m/s)i + (30 m/s)j. What is thenéil velocity
of B?
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27. A barge with mass 1.50 X 105 kg is proceedimgrdtiver at 6.20 m/s in heavy fog when it collides
broadside with a barge heading directly acrossitteg; see figure below.

The second barge has mass 2.78 X 105 kg and wasgrett 4.30 m/s. Immediately after impact, theosec
barge finds its course deflected by ° in the downriver direction and its speed increasesl10 m/s. Th



river current was practically zero at the timelw# accident.
What is the speed and direction of motion of th&t tharge immediately after the collision?
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29. Two titanium spheres approach each other heatith the same speed and collide elastically.
After the collision, one of the spheres, whose n&860 g, remains at rest. What is the mass obtiner
sphere?
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30. A cart with mass 342 g moving on a frictionlsear air-track at an initial speed of 1.24 nifkes a
second cart of unknown mass at rest.

The collision between the carts is elastic. Aftex tollision, the first cart continues in its onigi direction at
0.636 m/s.

(a) What is the mass of the second cart?

(b) What is its speed after impact?
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31. An object of 2.0-kg mass makes an elasticgotli with another object at rest and continuesdoenin the
original direction but with one-fourth of its origal speed.

What is the mass of the struck object?
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32. A railroad freight car weighing 31.8 tons aral/eling at 5.20 ft/s overtakes one weighing 2drstand
traveling at 2.90 ft/s in the same direction.

(a) Find the speeds of the cars after collisiadhéfcars couple together.

(b) If instead, as is very unlikely, the collisianelastic, find the speeds of the cars after siol.
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3. A 325-g ball with a speed v of 6.22 m/s strikesall at an angle of 33.0° and then rebounds with the same
speed and angle (Figure).

It is in contact with the wall for 10.4 ms.

(a) What impulse was experienced by the ball?

(b) What was the average force exerted by thedmaihe wall?
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4. It is well known that bullets and other missilieed at Super-man simply bounce off his cheshdgure.
Suppose that a gangster sprays Superman's chks3.@4g bullets at the rate of 100 bullets/min,speed of
each bullet being 500 m/s.

Suppose too that the bullets rebound straight lgitkno loss in speed.

Find the average force exerted by the stream ¢étsubn Superman's chest.
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5. During a violent thunderstorm, hail the sizer@rbles (diameter = 1.0 cm) falls at a speed of 25 m/s. T
are estimated to be 120 hailstones per cubic métar.

Ignore the bounce of the hail on impact.

(a) What is the mass of each hailstone?

(b) What force is exerted by hail on a 10 m X 2@ahroof during the storm? Assume that, as for ic@ cm3
of hail has a mass of 0.92 g.
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2. Show that the ratio of the distances x| and®vo particles from their center of mass is theeirse ratio of
their masses; that is, xI/x2 = m2/m1.
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3. A Plymouth car with a mass of 2210 kg is mowhang a straight stretch of road at 105 km/h. folwed
by a Ford with mass

2080 kg moving at 43.5 km/h.

How fast is the center of mass of the two cars mg¥i
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4. Two skaters, one with mass 65 kg and the otlitermass 42 kg, stand on an ice rink holding a potk a
length of 9.7 m and a mass that is negligible.

Starting from the ends of the pole, the skatelstipemselves along the pole until they meet.

How far will the 42-kg skater move?
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5. Two particles P and Q are initially at rest Iné4part. P has a mass of 1.43 kg and Q a mas2dkg. P
and Q attract each other with a constant force

of 1.79 X 10-2 N. No external forces act on thstem.

(a) Describe the motion of the center of mass.

(b) At what distance from P's original positionttie particles collide?
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6. A shell is fired from a gun with a muzzle velymf 466 m/s, at an angle of 57.4° with the haniab

At the top of the trajectory, the shell explode® itwo fragments of equal mass. One fragment, whpsed
immediately after the explosion is zero,

falls vertically. How far from the gun does the @tliragment land, assuming level terrain?
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10. Where is the center of mass of the three pestghown in the figure belov
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13. Three thin rods each of length L are arrangezhiinverted U, as shown in the figure below. Win@ rods
on the arms of the U each have mass M; the thatdhes mass 3M. Where is the center of mass of the
assembly?
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14. The figure below shows a composite slab withetisions 22.0 cm X 13.0 cm X 2.80 cm. Half of tlady $<
made of aluminum

(density = 2.70 g/cm3) and half of iron (density.85 g/cm3), as shown. Where is the center of okt
slab?
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16. A vessel at rest explodes, breaking into tpreees. Two pieces, one with twice the mass obther, fly
off perpendicular to one another with the same ¢pé&1.4 m/ s.

The third piece has three times the mass of tlmedgj piece.

Find the magnitude and direction of its velocityrigdiately after the explosion.

(Specify the direction by giving the angle from time of travel of the least massive piece.)
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18. A railway flat car is rushing along a levetfionless track at a speed of 45 m/s.

Mounted on the car and aimed forward is a cannanfifes 65-kg cannon balls with a muzzle spee@&
m/s.

The total mass of the car, the cannon, and the lsugply of cannon balls on the car is 3500 kg.

How many cannon balls must be fired to bring theasaclose to rest as possible?
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20. A rocket at rest in space, where there is aittyino gravity, has a mass of 2.55 X 105 kg, oicWwi..81 X
105 kg is fuel.

The engine consumes fuel at the rate of 480 kgtsiltee exhaust speed is 3.27 km/s. The engineeis for
250 s.

(a) Find the thrust of the rocket engine.

(b) What is the mass of the rocket after the enguna?

(c) What is the final speed attained?
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21. Consider a rocket at rest in empty space. \Whet be its mass ratio (ratio of initial to finahes) in order
that, after firing its engine, the rocket's speed i

(a) equal to the exhaust speed and

(b) equal to twice the exhaust speed?
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23. A rocket of total mass 1.11 X 105 kg, of wh&RO X 104 kg is fuel, is to be launched vertically
The fuel will be burned at the constant rate of Bg/3.

Relative to the rocket, what is the minimum exhapsted that allows liftoff at launch?
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3. A uniform flexible chain of length L, with weigper unit length , passes over a small, frictionless peg; see
figure below.

It is released from a rest position with a lendtlelmain x hanging from one side and a length Lrexf the

other side.

Find the acceleration a as a function of x.
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7. A 1400-kg cannon, which fires a 70.0-kg shethvd muzzle speed of 556 m/s, is set at an elavangle of
39.0° above the horizontal.

The cannon is mounted on frictionless rails, so ith@coils freely.

(a) What is the speed of the shell with respethé¢oEarth?

(b) At what angle with the ground is the shell poted?

(Hint: The horizontal component of the momentunthef system remains unchanged as the gun is fired.)
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10. A 5860-kg rocket is set for vertical firing. @lexhaust speed is 1.17 km/s.
How much gas must be ejected each second to stipptirrust neede



(a) to overcome the weight of the rocket and
(b) to give the rocket an initial upward acceleratof 18.3 m/s2?
Note that gravity is present here as an extermaé
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9. A 2.9-ton weight falling through a distance db & drives a 0.50-ton pile 1.5 inches into theugrd.

(a) Assuming that the weight - pile collision iswaletely inelastic, find the average force of regise exerted
by the ground.

(b) Assuming the force of resistance by the grawmdains constant at the value found in (a), hovrfar the
ground would the pile be driven if the collisionneelastic?

(c) Which is more effective in this case, elastitnelastic collisions?
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10. Two 22.7-kg ice sleds are placed a short distapart, one directly behind the other, as shovmkig. 630.

A 3.63-kg cat, standing on one sled, jumps acr$ise other and im—-mediately back to the first.
Both jumps are made at a speed of 3.05 m/s relatittee sled the cat is standing on when the jsnpade.
Find the final speeds of the two sleds.
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11. Two vehicles A and B are traveling west andlsaespectively, toward the same intersection wltleey
collide and lock together.

Before the collision, A (weight 2720 Ib) is moviagth a speed of 38.5 mi/h and B (weight 3640 |9 ha
speed of 58.0 mi/h.

Find the magnitude and direction of the velocityred (interlocked) vehicles immediately after tlodlision.
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12. Two balls A and B, having different but unknomasses, collide. A is initially at rest and B haspeed v.
After collision, B has a speed v/2 and moves ditramgles to its original motion.

(a) Find the direction in which ball A moves aftiee collision.

(b) Can you determine the speed of A from the mfairon given? Explain.
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13. In a game of pool, the cue ball strikes anotadirinitially at rest. After the collision, theie ball moves at
3.50 m/s along a line making an angle of 65.0°

with its original direction of motion. The seconalltacquires a speed of 6.75 m/s.

Using momentum conservation, find

(a) the angle between the direction of motion efshcond ball and the original direction of motidithe cue
ball and

(b) the original speed of the cue ball.
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19. A 3.54-g bullet is fired horizontally at twodgks resting on a frictionless tabletop, as shawhig. 6-34a.
The bullet passes through the first block, with snh22 kg, and embeds itself in the second, witksnar8
kg. Speeds of 0.630 m/s and 1.48 m/s,

respectively, are thereby imparted to the blockshown in Fig. @4b. Neglecting the mass removed from
first block by the bullet, find

(a) the speed of the bullet immediately after enmgrérom the first block and

(b) the original speed of the bul
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20. A 2.0-kg block is released from rest at thedbp 22° frictionless inclined plane of height®1® (Fig. 6-
35).

At the bottom of the plane it collides with anctks to a block of mass 3.5 kg. The two blocks togeslide a
distance of 0.57 m

across a horizontal plane before coming to rest.

What is the coefficient of friction of the horizahsurface?
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21. Two cars A and B slide on an icy road as thgnagpt to stop at a traffic light. The mass of A0 kg
and the mass of B is 1400 kg.

The coefficient of kinetic friction between the kad wheels of both cars and the road is 0.130ACGarcceed:
in coming to rest at the light,

but car B cannot stop and rear-ends (collides veiéin)A. After the collision, A comes to rest 8.2Gahead of
the impact point and B 6.10 m ahead: see Fig. 6-36.

Both drivers had their brakes locked throughoatititident.

(a) From the distances each car moved after thisioal, find the speed of each car immediatelyraftgact.
(b) Use conservation of momentum to find the speshich car B struck car A.

On what grounds can the use of momentum consemnvaéariticized here?
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2. Show that 1 rev/min = 0.105 rad/s.
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3. The angle turned through by the flywheel of aegator during a time interval t is given 0@y at + bt3 ct4,
where a, b, and c are constants.

What is the expression for its

(a) angular velocity and

(b) angular acceleration?
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4. Our Sun is 2.3 }10% ly (light-years) from the center of our Milky Way galaxy asanoving in a circle



around this center at a speed of 250 km/s.
(One light year is the distance that light travelsne year.)
(a) How long does it take the Sun to make one téman about the galactic center?

(b) How many revolutions has the Sun completedesinwas formed about 4.5 »0° years ago?
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5. A wheel rotates with an angular acceleratiangiven by z = 4a - 3?2, where t is the time and a and b
constants.

If the wheel has an initial angular velocity Wo jterthe equations for

(a) the angular velocity and

(b) the angle turned through as functions of time.
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6. What is the angular speed of
(a) the second hand,

(b) the minute hand, and

(c) the hour hand of a watch?
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7. A good baseball pitcher can throw a basebalatdvinome plate at 85 mi/h with a spin of 1800 ren/m
How many revolutions does the baseball make omatsto home plate?

For simplicity, assume that the 60-ft trajectorgistraight line.
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While waiting to board a helicopter, you noticetttiee rotor's motion changed from 315 rev/min t6 22
rev/min in 1.00 min.

(a) Find the average angular acceleration duriagrtterval.

(b) Assuming that this acceleration remains constaiculate how long it will take for the rotor $top.
(c) How many revolutions will the rotor make afy@ur second observation?
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17. A certain wheel turns through 90 rev in 18sangular speed at the end of the period beingw8.

(a) What was the angular speed of the wheel dt¢lgening of the 15-s interval, assuming constagtéar
acceleration?

(b) How much time had elapsed between the timevtieel was at rest and the beginning of the 15esvat?
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24. A threaded rod with 12.0 turns/cm and diam&i®8 cm is mounted horizontally.

A bar with a threaded hole to match the rod iswsetkonto the rod; see Fig. 8-17.

The bar spins at 237 rev/min. How long will it teflee the bar to move 1.50 cm along the rod?
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25. (a) What is the angular speed about the palardd a point on the Earth's surface at a latitoflé0° N?
(b) What is the linear speed?
(c) What are the values for a point at theagor?
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26. A gyroscope flywheel of radius 2.83 cm is aecaled from rest at 14.2 rad/s2 until its anguberesl is
2760 rev/min.

(a) What is the tangential acceleration of a pomthe rim of the flywheel?

(b) What is the radial acceleration of this poiriten the flywheel is spinning at full speed?

(c) Through what distance does a point on the ronerduring the acceleration?
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17. Fig. 9-43 shows a uniform block of mass, M adde lengths a, b, and c.

Calculate its rotational inertia (moment of inertdout an axis through one corner and perpenditulde
large face of the block.
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18. Calculate the rotational inertia of a meterkstivith mass 0.56 kg, about an axis perpendidol#éne stick
and located at the 20-cm mark.

13_Energy_momentum/e_13 8 175.html

19. Two particles, each with mass m, are fasten@@t¢h other and to a rotation axis by two rodsh edth
length L and mass M, as shown in Fig. 9-44.

The combination rotates around the rotation axth awngular velocity . Obtain an algebraic expression for
the rotational inertia of the combination abous thxis.

13_Energy_momentum/e_13 8 176.html

12. Nine square holes have been cut in a fiat sgolate, as shown in Fig. 9-62. The plate has &ggh L,
and the holes have edge length a.

The holes are located at the centers of the smadires formed by dividing each side of the squatethree
equal sections.

Find the rotational inertia for rotations aboutaaiis perpendicular to the plate passing througbatger
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The figure below shows a spring with a pointerdtéal, hanging next to a scale graduated in milknset
Three different weights are hung from the springurn, as shown.

(a) If all weight is removed from the spring, whictark on the scale will the pointer indicate?

(b) Find the weight W.

13_Energy_momentum/e_13_8_178.html

The figure below shows an arrangement of pulleysgthed to facilitate the lifting of a heavy loadAssume
that friction can be ignored everywhere and thatghlleys

to which the load is attached weigh a total 0D2B. An 840-Ib load is to be raised 12.0 ft.

(a) What is the minimum applied force F that cérttie load?

(b) How much work must be done against gravityftm the 840-Ib load 12.0 ft?

(c) Through what distance must the applied forcexsated to lift the load 12.0 ft?

(d) How much work must be done by the applied fédr¢e accomplish this tas
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A 1380-kg block of granite is dragged up an inckti@ con-stant speed of 1.34 m/s by a steam waszh
figure below).

The coefficient of kinetic friction between the bkoand the incline is 0.41. How much power mussineplied

by the winch?

13_Energy_momentum/e_13_8_ 180.html

(a) Estimate the work done by the force shown engtlaph below in displacing a particle from x = 1awx =3
m.

Refine your method to see how close you can contigetexact answer of 6 J.

(b) The curve is given analytically by F =&/ where A = 9 N. m2. Show how to calculate the waykhe
rules of integration.

13_Energy_momentum/e_13_8_ 181.html
A 263-g block is dropped onto a vertical spring with faanstant k = 2.52 N/cm (see the figure belc



The block sticks to the spring, and the spring casges 11.8 cm before coming momentarily to rest.
While the spring is being compressed, how much vidone

(a) by the force of gravity and

(b) by the spring?

(c) What was the speed of the block just befohit ithe spring?

(d) If this initial speed of the block is doubledhat is the maximum compression of the spring? fgfiaction.

13_Energy_momentum/e_13_8_182.html

A frictionless roller-coaster car starts at poinin&he figure below with speédo. What will be the speed of
the car

(a) at point B,

(b) at point C, and

(c) at point D? Assume that the car can be corsitlamarticle and that it always remains on thektra

13_Energy_momentum/e_13_8_183.html

The figure below shows a 7.94-kg stone resting spring. The spring is compressed 10.2 cm by threest
(a) Calculate the force constant of the spring.

(b) The stone is pushed down an additional 28.@&wdreleased. How much potential energy is storela
spring just before the stone is released?

(c) How high above this new (lowest) position wiie stone rise
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A 1.93-kg block is placed against a compressechgpn a frictionless 27.0° incline (see the fighedow).

The spring, whose force constant is 20.8 N/cmpmpressed 18.7 cm, after which the block is reldadew

far up the incline will the block go before comitogrest?
Measure the final position of the block with regpedts position just before being released.
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A 2.14kg block is dropped from a height of 43.6 cm on&peng of force constant k = 18.6 N/cm, as shau

the figure below.
Find the maximum distance the spring will be corspedl.
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Two children are playing a game in which they tnhhit a small box on the floor with a marble firedm a

sprin¢-loaded gun that is mounted on a ta



The target box is 2.20 m horizontally from the ed@éhe table; see the figure below. Bobby commsske
spring 1.10 cm, but the marble falls 27.0 cm short.
How far should Rhoda compress the spring to schiit?a

13_Energy_momentum/e_13_8_187.html

A particle moves along the x axis through a regiowhich its potential energy U(x) varies as shawthe
figure below.

(a) Make a quantitative plot of the force F(x) thats on the particle, ustg the same x axis scale as the fig

(b) The particle has a (constant) mechanical enBrgy4.0 J. Sketch a plot of its kinetic energyx)xdirectly
on this figure.

13_Energy_momentum/e_13_8_ 188.html

An ideal massless spring can be compressed 2.38 @rforce of 268 N. A block whose mass is m = %48
is released from rest at the top of the inclinslamvn in the figure below,

the angle of the incline being 32.0°. The block esrto rest momentarily after it has compressedsgrisig by
5.48 cm.

(a) How far has the block moved down the inclinéheg moment?

(b) What is the speed of the block just as it t@scthe spring
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A small block of mass m slides along the fricti@déoop-the-loop track shown in the figure below.

(a) The block is released from rest at point P. ##hthe net force acting on it at point Q?

(b) At what height above the bottom of the loopwdtdhe block be released so that it is on thee@fgosing
contact with the track at the top of the loop?

13 _Energy_momentum/e_13 8 190.html
A boy is seated on the top of a hemispherical mainde (see figure below). He is given a very dmakh

and starts sliding down the ice.
Show that he leaves the ice at a point whose had@R/3 if the ice is frictionless. (Hint: The meal force

vanishes as he leaves the ice.)

13 _Energy_momentum/e_13 8 191.html
A particle is projected horizontally along the imbe of a frictionless hemispherical bowl of radiysvhich is

kept at rest (see figure below).
We wish to find the initial speed vo required foe fparticle to just reach the top of the bowl. Rindas a

function of. o, the initial angular position of the partic
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Oscillations

Find the frequency of small oscillations of a paetimass ) near the equilibrium in the potential

19 Vibrations/e_19 1 012.html

Oscillations
A particle is in the stable equilibrium in the pati@l energy . Suddenly it gets a
small addition of energy . Assuming that the oatitins are small find the frequency and amplitude.

19 Vibrations/e_19 1 013.html
Oscillations

A particle moves in a well of the shape withoittfon (potential energy ). Show that the
motion can be described as a harmonic oscillatnehfeed the frequency.

19 Vibrations/e_19 1 014.html

Oscillations

A body with the mass is attached to a spring (gpconstant ). The other end of the spring is brought i
the motion according to the law . The friction agton the body is . Show that
the body can oscillate with a constant amplitude famd this amplitude.

19 Vibrations/e_19 1 015.html
Oscillations

Find the motion of an oscillator with the natunaduency and mass  under the force

19 Vibrations/e_19 1 016.html

Oscillations

Find the frequency of small radial oscillationsagbarticle with a mass  near a circular orbit ina
central potential

19 Vibrations/e_19_1_017.html



Oscillations

Find the frequency of small radial oscillationsagbarticle with a mass  near a circular orbit ina
central potential

19 Vibrations/e_19 1 018.html
Oscillations

Find the average power of the external force Herdscillator:

19 Vibrations/e_19 1 019.html
Oscillations

A bead of the mass  can move on a straight winegalo axis without friction. The bead is connectedino
springs (spring constant , length ). The springscannected to the points and , :
respectively. Initially the bead starts moving from with the velocity . Assuming that the the ostitdas
are small, find their frequency and amplitude.

19 Vibrations/e_19 1 020.html
Oscillations

A particle is moving in the magnetic field , , a@ldctric field ,
. Find

19 Vibrations/e_19 1 021.html

Oscillations
A particle with the mass  is moving in plane witle potential energy . Initially
the particle is in the position and its velocsy i . Find the trajectory.

19 Vibrations/e_19_1_022.html
Oscillations

A satellite (mass ) is moving along a strait line

between two stars of mass

The distance from each star to the line is  (atderest point).
1. What is the condition for having harmonic ostihns?

2. Find the frequency of small oscillations.

19 Vibrations/e_19 1 023.html
Oscillations

A particle is moving in the magnetic field , , agldctric field ,
. Find
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22_Rigid_body/e 22 1 011.html

Rigid Body

A disk of the mass  and radius is connected toparallel identical springs ( , ) as shown in thgfe.

Find the frequency of rotational oscillations arduihe center of the disk.

22_Rigid_body/e_22_1_012.html
Rigid Body

A ball of the radius rotates with the angular e#tlp  around the horizontal axis passing throughdénter-
of-mass. The ball is carefully put on a horizostatface with the friction coefficient . Find

22_Rigid_body/e_22 1 013.html
Rigid Body

A cylinder of the radius is rolling without slidinnside a larger cylinder of the radius  as showthe
figure (vertical cros-section)



a) Find the minimal angular frequency in the lowssnt which allows to reach the highest pointFind the
frequency of small oscillations near the equilibriu

22_Rigid_body/e_22_1_014.html
Rigid Body

A homogeneous cube is rotating around the axismma#srough the center-of-mass. Describe qualigdyithe
motion of the axis depending on the angle of the axth the normal to the cube side.

22 Rigid_body/e_22 1 015.html
Rigid Body
A hollow cylinder and a solid cylinder of the samadius start rolling simultaneously without slididgwn the

same slope from the same height. What is the odtiloe final velocities ? Which one comes to thd ehthe
slope earlier and what is the ratio of times ?

22 _Rigid_body/e_22 1 016.html
Rigid Body

Two identical masses  connected by a massless theé tength are moving on a circular orbit
around the Earth. The attraction force betweerkttn¢h and a point mass is , Where 5

the Earth mass and  is a universal constant. Redréquency of small rotational oscillations of gystem
(masses on the rod) around the center-of-mass.

22 _Rigid_body/e_22 1 017.html
Rigid Body
A car engine is applying a torque to a wheel. Theetmassis , radiusis and the moment of inestia

respect to the center is . The coefficient of tiaéisfriction with the road is . What is the maximum torq
which can be applied without making the wheelesld

22_Rigid_body/e_22 1 018.html
Rigid Body
A bobbin is moved by pulling a thread which is waxddon the inner cylinder. The outer radius is ,itimer

radius is , the bobbin massis |, the friction cogfht is . What is the maximal force  for whicteth
bobbin rolls without friction ? What is the bobhielocity after it moves by the distan from the rest



22 Rigid_body/e_22 1 019.html
Rigid Body

Six identical point masses  are in the positions , , :
, , . The anglular velocity vector . Find

22 Rigid_body/e_22 1 020.html
Rigid Body
Three identical disks with the mass  and radiusch @ae connected so that they have the commonrcente

and their planes are mutually perpendicular. Hredrhoment of inertia relative to an arbitrary gassing
through the center.

22 Rigid_body/e_22 1 021.html
Rigid Body

Two identical particles of the mass are connetddate two ends of a rigid massless rod of thetleng
The system initially rotates around the center-asmwith the angular velocity . One of the particle
encounters a third one (with the same mass) atwegth momentarily sticks to it. What is the aragurelocity
of the rotation around the center-of-mass aftecctiigsion ? (No gravity.)

22_Rigid_body/e_22_1_022.html
Rigid Body

A homogeneous ball (mass |, radius ) is struck bgrasontal force in the point which is above the cer
by the distance . The time of force action is v@nall, but is nonzero. Find the velocity of tleater-
of-mass and the angular velocity of the ball arotimedaxis which goes through the centerrass, if a) there

no friction with the floor, and b) if the frictioprevents sliding. ( )



22 Rigid_body/e 22 1 023.html
Rigid Body

A massless dancer holds two identical masses ( a gdatance  from the body
and spinning at a constant angular velocity
Suddenly the dancer move the masses to the distdnce from the body.

What will be the the new angular velocity?

22_Rigid_body/e 22 1 024.html
Rigid Body

Two bodies of masses and move under the actidmeafmutual gravitation.
Let and be the position vectors in a space-fo@ardinate system, and
Find the equation of motion for , and inthe eedf-mass system.

22_Rigid_body/e_22 1 025.html
Rigid Body

Find the center of mass of a solid cone of mass oselhop radius is and its height is

22_Rigid_body/e_22_1_026.html
Rigid Body
A stick of mass  and lenght s initialy at restinertical position on a frictionless table.

if the stick start falling, find the speed of thenter of mass as a function of the angle thattiblke siakes
with the vertical.

22_Rigid_body/e 22 1 027.html



Rigid Body

Find the moment of inertia of a disk of radius  amalss

with respect to an axis that passing at the eddgieeodlisk and
perpendicular to its plan

22 _Rigid_body/e_22 1 028.html
Rigid Body
A thin cylinder of radius mass s rolling insidéiger cylinder of radius

1. Find the kinetic energy of the small cylinder.
2. Find the frequency of small oscillations.

22_Rigid_body/e 22 1 029.html

Rigid Body

Find the center of mass for the following bodies:

1. A paraboloid between and with a uniform dignsi

2. A disk of radius with a uniform surface deysitwhich has a circular hole of radius

from the center of the first circle.

at a distanc

22 Rigid_body/e_22 1 030.html
Rigid Body

Find the moment of inertia for the following bodies
1. A cylinder of mass radius  and height rotafibgut its symmetry axis.

2. A cylinder of mass radius  and height rotatbgut an axis parallel to the symmetry axis and

tangent to the surfac



3. A thin square of side  with its diagonal alongaxis (mass ). Find , and

22_Rigid_body/e 22 1 031.html
Rigid Body

Prove the following moment of inertia for the follmg bodies:




22 _Rigid_body/e_22 1 032.html

Rigid Body
A billiard ball ( mass , radius ) is placed on bl¢awith kinetic friction coefficient
At the ball is struck (for an infinitesimal durarti such that is nonzero) horizontally by a cue at

a height  from the table and start moving in a e&jo

1. What is the final speed of the center of magb@ball?
2. At what height (from the center of mass) onetbastrike the ball so that rolling motion startsmediately?

22 _Rigid_body/e_22 1 033.html
Rigid Body

A uniform thin rigid rod of mass is supported kyotrotating rollers
whose axes are separated by a fixed distance rothis initially placed
at rest asymmetrically.

1. Assume that the rollers rotate in opposite times. The coefficient
of kinetic friction between the bar and the rollexs . Write the

equation of motion of the bar and solve for theldisement of the center of the bar from roller (1)
assuming and

2. Now consider the case in which the directionsotdtion of the rollers
are reversed, calculate the displacement ,assuming and

22_Rigid_body/e_22_1_034.html
Rigid Body

A uniform cylinder starts to slide without frictian a slope (angle  with the horizon).
When the cylinder passes a distance the slopegayh with a friction coefficient

What will be the speed of the cylinder when thpshg ends



22_Rigid_body/e_22 1 035.html
Rigid Body

A uniform rod of mass and lenght is free to mova vertically about an axis that pass
at a point from the top. A bullet of mass  hits tbhd horizontally at the top with a speed

What is the maximal angle for which the rod wiltate?

22_Rigid_body/e_22 1 036.html
Inertia Tensor

Find the inertia tensor of a uniform thin boardhadimensions a*b.

22_Rigid_body/e_22 1 037.html
Moment of Inertia
1) Find the moment of inertia tensor of a uniformpgy cylinder of radius R, length L and mass M witspec

to it's main symmetry axis.
2) The same, but for a full cylinder.

22_Rigid_body/e_22 1 038.html
Moment of Inertia

A uniform full cylinder of radius R, length L andass M is taken, and 4 holes are drilled into it.

Each hole has a radius of a/3, and it's centexcetéd a distance of a/2 from the main symmetry. &te hole
are drilled symmetricaly, so as to form a cross.

Find the moment of inertia tensor of this new agéinrespect to it's main symmetry axis.

22_Rigid_body/e 22 1 039.html
Rigid body - conservation laws
A bar of lengthL and mas$ is lying on a frictionless table. A ball with massand velocityv hits the bar

perpendicularly at a distance d from the bar'sazetssume the collision is fully elastic, and fm such that
after the collision only the bar moves.

22_Rigid_body/e_22 1 040.html
Physical Pendulum

Show how we can measure using an arbitrary rigayt{ffor which we now the center of mass), a raled a
timer.

22_Rigid_body/e 22 1 041.html



%

%

22_Rigid_body/e_22_1_042.html

14 - 2/03/2006

22 Rigid_body/e 22 1 043.html

15 - 25/2/2007
%

22 Rigid_body/e 22 2 021.html

22 Rigid_body/e 22 2 022.html



%

22_Rigid_body/e_22 2 023.html

%

22_Rigid_body/e_22_2_024.html

22 _Rigid_body/e_22 2 041.html

%

R/2.

%

22_Rigid_body/e_22_2_042.html
%



22 Rigid_body/e 22 2 043.html
1 , %
0.4 %

%

%

%

" 55

%

%

22_Rigid_body/e_22 2 044.html

22_Rigid_body/e 22 3 222.html

12.2

15.¢

3.1¢



2.84

22_Rigid_body/e 22 3 223.html

R H M
22_Rigid_body/e_22_3 224.html
! ! % % R H M
F "M
22_Rigid_body/e_22_3 225.html
22_Rigid_body/e_22_3 226.html
d R h m
22 Rigid_body/e 22 3 227.html
22 Rigid_body/e 22 3 228.html
" m1l d%
! VO m2
22_Rigid_body/e_22_3 229.html
15 "12 " 3.2
%

22 Rigid_body/e 22 4 001.html



22 _Rigid_body/e_22 4 002.html

%

2D



ly %

! %

22 _Rigid_body/e_22 4 004.html
% # ' %
m2' I#
h m2'
!
m3 3 R— ml-—
r3
r2
22 Rigid_body/e 22 4 005.html
! 30
, 902 ! "
45 kg 850 3 ' ! IF=650N
! %

22 Rigid_body/e 22 4 006.html



% 300 " 40 '
4 ' " 100

16:1

VY
%

ITrebuchet

%

28%

22 Rigid_body/e 22 4 007.html

22_Rigid_body/e_22_4 008.html

1#0 m2

%

ml



22_Rigid_body/e_22_4 009.html

%

6Forward Englisb

R

22_Rigid_body/e_22_4 010.html

%

22_Rigid_body/e 22 4 011.html

m2 !

%

ml



22 _Rigid_body/e_22 4 012.html

%
%
18
22 Rigid_body/e 22 4 017.html
%
22_Rigid_body/e 22 4 018.html
% %
! O- %



22 _Rigid_body/e_22 4 019.html

22 _Rigid_body/e_22 4 020.html



22_Rigid_body/e_22_4 021.html

22_Rigid_body/e_22_4 022.html

%

%



22_Rigid_body/e 22 4 023.html

%

22_Rigid_body/e_22_4 024.html



22 Rigid_body/e 22 4 025.html

%

%

22_Rigid_body/e 22 4 026.html

22 Rigid_body/e 22 4 027.html



22_Rigid_body/e_22_4 028.html

%

%

22 _Rigid_body/e_22 4 029.html

%

22 Rigid_body/e 22 4 030.html

%



22 _Rigid_body/e_22 4 031.html

0.34 0.5

%

30

%

10

22_Rigid_body/e 22 4 130.html

%

22_Rigid_body/e_22_4 140.html

22_Rigid_body/e_22_4 150.html

%



22_Rigid_body/e_22_4 160.html

%

22_Rigid_body/e_22 5 002.html

46

%

46-9

22 Rigid_body/e 22 5 081.html

4.5

%

%

55

22 _Rigid_body/e_22 5 082.html



b % % " w=0.2m , % " 55

% : d=0.4m
lHayback m,=1.2 % m,=0.4
- % !
' 'h %
%
22_Rigid_body/e 22 5 083.html

2 " 100 " 30

12 "1 kg*m?2 150

37

22_Rigid_body/e_22_5 084.html

%



22_Rigid_body/e_22 5 090.html

% % 700+

22 _Rigid_body/e_22 5 091.html

450 " m

%

60°
m=2kg -

- T

22 _Rigid_body/e_22 5 092.html

% ]



22 Rigid_body/e 22 5 093.html

10 %
10

400

22 Rigid_body/e 22 5 094.html

450 " m

60
m=2kg -

22_Rigid_body/e_22_8 012.html

R/2



3.5m ! ' R

22_Rigid_body/e_22 8 092.html

L;=12[m]m =12 [kg.
L,=15[m]m, =15 [kg.
L;=1.8[m]m; =18 [kg.
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2. Figure 9-40 shows the lines of action and thatpaf application of two forces about the ori@inall
vectors being in the plane of the figure.

Imagine these forces to be acting on a rigid badgtpd about an axis through 0 and perpendiculénéglan:
of the figure.

(a) Find an expression for the magnitude of thaltast torque on the body.
(b)1fr1=2.30m,r2=2.15m, F1=4.20 N, F28@N, 1=75.0 ,and 2=58.0,

what are the magnitude and direction of the restuttarque?
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3. Redraw Fig. 9-40 under the following transforios:

(8)F -F,

(o)r -r,and

(c)F -Fandr -r,ineach case showing the new direction oftthgue. Check for consistency with the
right-hand rule.
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9. What is the torque about the origin on a patictated atx =1.5m,y =-2.0 m, Z = 1.6 m dua force
F=(3.5N)i- (2.4 N)j + (4.3 N)k?

Express your result in unit vector notation.

22_Rigid_body/e_22_8_398.html

10. A patrticle is located at r = (0.54 m)i + (-0:36j + (0.85 m)k. A constant force of magnitude R.@cts on
the particle.

Find the components of the torque about the ordian the force acts in

(a) the positive x direction and

(b) the negative z direction.

22 Rigid_body/e_22 8 399.html

12. Three particles are attached to a thin ro@mgth 1.00 m and negligible mass that pivots ati@ibrigin ir
the xy plane.

Particle 1 (mass 52 g) is attached a distance eh2#om the origin, particle 2 (35 g) is at 45 @nd patrticle
3 (24 g) at 65 cm.

(a) What is the rotational inertia of the assembly?

(b) If the rod were instead pivoted about the ceotenass of the assembly, what would be the mtati
inertia?

22 Rigid_body/e_22 8 400.html

13. Two thin rods of negligible mass are rigiditaahed at their ends to form a ¥fgle. The rods rotate in 1

Xy plane with the joined ends forming the pivotrat origin.

A patrticle of mass 75 g is attached to one rodstadce of 42 cm from the origin, and a particlenass 30 g is
attached to the other rod a distance of 65 cm trwrorigin.

(a) What is the rotational inertia of the assembly?

(b) How would the rotational inertia change if therrticles were both attached to one rod at thengiligtances
from the origin?

22_Rigid_body/e 22 8 401.html

15. A helicopter rotor blade is 7.80 m long and &asass of 110 kg.

(a) What force is exerted on the bolt attachingtia€ele to the rotor axle when the rotor is turram@20
rev/min?

(Hint: For this calculation the blade can be coestd to be a point mass at the center of mass. JWhy?

(b) Calculate the torque that must be appliedhéorptor to bring it to full speed from rest in ® 5. Ignore air
resistance.

(The blade cannot be considered to be a point foadisis calculation. Why not? Assume the distribntof a
uniform rod.)
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22. A certain nut is known to require forces ofNl@xerted on it from both sides to crack it.
What forces F will be required when it is placedha nutcracker shown in Fig-46?
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23. The leaning Tower of Pisa (see Fig. 9-47) isBBigh and 7.0 m in diameter.

The top of the tower is displaced 4.5 m from theigal. Treating the tower as a uniform, circulglirder,
(a) What additional displacement, measured atdpewill bring the tower to the verge of toppling?

(b) What angle with the vertical will the tower nea&t that moment? (The current rate of movemetiteotop
is 1 mmlyear.)

22 Rigid_body/e_22 8 404.html

24. A cube stays at rest on a horizontal table vehemall horizontal force is applied perpendicteand at
the center of an upper edge.

The force is now steadily increased. Does the sliie or topple first?

The coefficient of static friction between the sués is equal to 0.46.

22 Rigid_body/e_22 8 405.html

28. A diver of weight 582 N stands at the end ohdorm 4.48-m diving board of weight 142 N.
The board is attached by two pedestals 1.55 m,agmshown in Fig. 9-48.

Find the tension (or compression) in each of the pedestals
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29. What minimum force F applied horizontally at @ixle of the wheel in Fig. 9-49 is necessary igerthe
wheel over an obstacle of height h?

Take r as the radius of the wheel and W as itshteig

22_Rigid_body/e 22 8 407.html

31. One end of a uniform beam weighing 52.7 1bZfd ft long is attached to a wall with a hinge.
The other end is supported by a wire making equgles of 27.0° with the beam and wall (see Fig1R-5
(a) Find the tension in the wire.

(b) Compute the horizontal and vertical componeftke force on the hing
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19. A uniform disk of radius R and mass M is spagnivith angular speedo. It is placed on a flat horizontal
surface;

the coefficient of kinetic friction between diskdasurface is k.

(a) Find the frictional torque on the disk.

(b) How long will it take for the disk to come test?

22_Rigid_body/e_22_8 409.html

20. A hoop rolling down an inclined plane of in@tion angle keeps pace with a block sliding down the
same plane.

Show that the coefficient of kinetic friction betarethe block and the plane is given bl =1/2 tan .

22_Rigid_body/e 22 8 410.html

21. A uniform sphere rolls down an incline.

(a) What must be the incline angle if the linearederation of the center of the sphere is to be38g2
(b) For this angle, what would be the acceleratiba frictionless block sliding down the incline?

22 _Rigid_body/e_22 8 411.html

22. A solid cylinder of length L and radius R haseight W. Two cords are wrapped around the cylindee
near each end, and the cord ends are attachedks ba the ceiling.

The cylinder is held horizontally with the two cerelxactly vertical and is then released (Fig. 9-b&)d

(a) the tension in each cord as they unwind and

(b) the linear acceleration of the cylinder asltst

22_Rigid_body/e_22_8 412.html
23. Show that a cylinder will slip on an inclineldupe of inclination angl if the coefficient of static frictiol



between plane and cylinder is less than 1/3 tan
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24. A uniform disk, of mass M and radius R, liesome side initially at rest on a frictionless hontal surface

A constant force F is than applied tangentiallitsaperimeter by means of a string wrapped arotsddge.
Describe the subsequent (rotational and transkianotion of the disk.

22 Rigid_body/e 22 8 414.html

25. A sphere, a cylinder, and a hoop (each of eRiand mass M) start from rest and roll down Hraes
incline.

(a) Which object gets to the bottom first?

(b) Does your answer depend on the mass or ratlihe @bjects? Explain.

22 Rigid_body/e_22 8 415.html

9. A sanding disk with rotational inertia 1.22 X-3&g m2 is attached to an electric drill whose motor
delivers a torque of 15.8 Nm. Find

(a) the angular momentum and

(b) the angular speed of the disk 33.0 ms aftentbwr is turned on. (1 ms = 10-3 s)

22 Rigid_body/e_22 8 416.html

10. A wheel of radius 24.7 cm, moving initially48.3 m/s, rolls to a stop in 225 m. Calculate

(a) its linear acceleration and

(b) its angular acceleration.

(c) The wheel's rotational inertia is 0.155 kg2. Calculate the torque exerted by rolling friotmn the wheel.

22 Rigid_body/e 22 8 417.html

13. A uniform stick has a mass of 4.42 kg and gtlenf 1.23 m. It is initially lying flat at restoa frictionless

horizontal surface

and is struck perpendicularly by a puck (rubbek)dimparting a horizontal impulsive force of impel$2.8 N
s at a distance of 46.4 cm from the center.

Determine the subsequent motion of the stick.
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18. In a lecture demonstration, a toy train trackibunted on a large wheel that is free to turh wégligible
friction about a vertical axis; see Fig. 10-25.

A toy train of mass m is placed on the track anith #he system initially at rest, the electricalnys is turned
on.

The train reaches a steady speed v with respdicettmack. What is the angular velocityof the wheel, if its
mass is M and its radius R?

(Neglect the mass of the spokes (wires) of the Whee

22 _Rigid_body/e_22 8 419.html
24. A girl of mass 50.6. kg stands on the edgefattonless merry-go-round of mass 827 kg andus@®.72
m that is not moving



She throws a |.13-kg rock in a horizontal directibat is tangent to the outer edge of the merryegmd.
The speed of the rock, relative to the ground,82 Tn/s. Calculate

(a) the angular speed of the merry-go-round and

(b) the linear speed of the girl after the rockhimwn. Assume that the merry-go-round is a unifadisk.

22_Rigid_body/e 22 8 420.html

26. A top is spinning at 28.6 rev/s about an axaking an angle of 34.0° with the vertical.

Its mass is 492 g and its rotational inertia i25%1.0-4 kg m2. The center of mass is 3.88 cm from the pivot
point.

The spin is clockwise as seen from above.

Find the magnitude (in rev/s) and direction of eimgular velocity of precession.

22_Rigid_body/e_22_8 421.html

3. To get a billiard ball to roll without slidingdm the start, the cue must hit the ball not atcireter
(that is, a height above the table equal to thkslraldius R) but exactly at a height 2R/5 abowedénter.
Prove this result.

22_Rigid_body/e 22 8 422.html

5. A billiard ball, initially at rest, is given darp impulse by a cue. The cue is held horizontaliiystance h
above the centerline as in Fig. 10-28.

The ball leaves the cue with a speed vo and, beazfuss "forward English" (spin), eventually accgs a final
speed of 9vo/7.

Show that h = 4R/5, where R is the radius of tHe ba

22_Rigid_body/e_22_8 423.html

8. A uniform fiat disk of mass M and radius R resafabout a horizontal axis through its center aitfular
speed o.

(a) What is its angular momentum?

(b) A chip of mass m breaks off the edge of th& disan instant such that the chip rises verticaltlgve the
point at which it broke off (Fig. 1-29).

How high above the point does it rise before sigrto fall?

(c) What is the final angular speed of the brokisik
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25 Gravity/e_25 1 011.html

Gravity

What force acts on a star inside a spherically sgtrimgalaxy of the mass and radius . The staahas
mass and is at binthe radius from the centenefyalaxy.

25 Gravity/e 25 1 012.html
Gravity

A binary stellar system consists of two identidals rotating around the center-of-mass of theegysin
circular orbits. The period of rotation  and théoe#ty of the stars are known. Find the massesthad
distance between the stars.

25 Gravity/e 25 1 013.html



Gravity

Saturn rings consist of football ball size parsckehich are moving on circular orbits around thenpk. What i
the maximal ratio of the ring width to its innednas if the velocities at the inner and outer eslgeuld not
differ by more than 0.5\% ?

25 Gravity/e_25 1 014.html

Gravity

Three identical stars with the mass  are rotatnthat they forman equilateral triangle (side léngt What
is the angular velocity ? What is the ratio 7his tonfiguration stable ?

25 Gravity/e 25 1 015.html

Gravity

A patrticle is moving along the axis of a homogerseong (mass , radius ). The patrticle velocity at
infinity is zero. What is its velocity when it pa&ssthrough the center of the ring ?

25 Gravity/e_25 1 016.html

Gravity

The space between the two concentric spheres éthedii and , is filled with a matter with the
constant density . Find the gravitational field aasinction of radius in the whole space.

25 Gravity/e 25 1 017.html

Gravity

A binary system consists of two stars with the raass and . The distance between themis . Find the
period of the orbital motior
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7. A typical neutron star may have a mass equidiabof the Sun but a radius of only 10.0 km.

(a) What is the gravitational acceleration at tinéase of such a star?

(b) How fast would an object be moving if it felbf rest through a distance of 1.20 m on suchr@ sta

25 Gravity/e_25 8 002.html

10. Two concentric shells of uniform density havingsses M1 and M2 are situated as shown in Fi@914-
Find the force on a particle of mass m when théghaiis located at

@r=a,

(b) r=h, and

(c) r = c. The distance r is measured from theearearitthe shell:
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14. Show that the velocity of escape from the SuheEarth's distance from the Sun 8 times the speed of
the Earth in its orbit, assumed to be a circle.

(This is a specific case of a general result fosudar orbits: Vesc = 2VOrb.)

25 Gravity/e_25 8 004.html

15. A rocket is accelerated to a speed of v = 2jdREnear the Earth's surface and then coasts @Ghove
upward.

(a) Show that it will escape from the Earth.

(b) Show that very far from the Earth its speed #s(2gRE)1/2.

25 Gravity/e_25 8 005.html

16. The Sun, mass 2.0 X 1030 kg, is revolving alteeicenter of the Milky Way galaxy, which is 2.21820
m away.

It completes one revolution every 2.5 X 108 ye&stimate the number of stars in the Milky Way.

(Hint: Assume for simplicity that the stars aretidlsited with spherical symmetry about the galacénter ant
that our Sun is essentially at the galactic edge.)

25 Gravity/e_25 8 006.html

19. Two neutron stars are separated by a centegrtter distance of 93.4 km. They each have a nidss® X
1030 kg and a radius of 12.6 km.

They are initially at rest with respect to one &eot

(a) How fast are they moving when their separatias decreased to one-half of its initial value?

(b) How fast are they moving just before they ci@f Ignore relativistic effects.

25 Gravity/e_25 8 007.html

20. Two particles of mass m and M are initiallyedt an infinite distance apart.

Show that at any instant their relative velocityapproach attributable to gravitational attraci®(2G(M +
m)/d)1/2 ,

where d is their separation at that instant.

25 Gravity/e_25 8 008.html
24. Determine the mass of the Earth from the peFiadd the radius r of the Moon's orbit about thetlfE T =
27.3 days and r = 3.82 X 105 km.

25 Gravity/e_25 8 009.html
26. Spy satellites have been placed in the geosygnobs orbit above the Earth's equator.
What is the greatest latitude L from which the Kigge are visible from the Earth's surface? Sep E-30.
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28. Use conservation of energy and an expressiaiéaotal energy to show that the speed v oflgaab in ai
elliptical orbit

satisfies the relation v2 = GM(21ra). Here r is the distance of the orbiting baant the central body of ma
M.

25 Gravity/e 25 8 011.html
29. A comet moving in an orbit of eccentricity 008&as a speed of 3.72 km/s when it is most distant the
Sun. Find its speed when it is closest to the Sun.
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32. As shown in Fig. 14-31, two bodies (of massesnh M) in—teracting through their mutual gravibagl
force will orbit with the same angular speed

about their center of mass C.

(a) Show that in this case Kepler's law of peribesomed? = 4 2r3(1+R/r)%(GM).

(b) Evaluate the correction factor (1F%b‘r)2 for the motion of the Earth and the Sun and als¢hfie motion of
the

Earth and the Moon, in each case ignoring the tatiwnal effect of the other bodies in the solastemn.

25 Gravity/e 25 8 013.html

1. Two point-like objects, each with mass m, anenexted by a massless rope of length I.

The objects are suspended vertically near thesaidhEarth, so that one object is hanging belenotiner.
Then the objects are released. Show that the tensibe rope is T = GMmI/R3 where M is the masshef
Earth and R is its radius.

25 Gravity/e 25 8 014.html



8. The fastest possible rate of rotation of a glathat for which the gravitational force on mr&kat the
equator barely provides the centripetal force néddethe rotation. (Why?)

(a) Show then that the corresponding shortest gdriof rotation is given by 2=3 /(G ) where isthe
density of the planet, assumed to be homogeneous.

(b) Evaluate the rotation period T assuming a dg$i3.0 g/cm3, typical of many planets, satedljtand
asteroids.

No such object is found to be spinning with a pg¢sborter than found by this analy
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11. The following problem is from the 1946 "Olymp&xamination of Moscow State University (see Bi-
36):

A spherical hollow is made in a lead sphere ofuadR, such that its surface touches the outsidaciof the
lead sphere and passes through its center.

The mass of the sphere before hollowing was M. Wikt force, according to the law of universal gpation,
will the hollowed lead

sphere attract a small sphere of mass m, whiclatiagdistance d from the center of the lead sphetee
straight line connecting the centers of the sphanelsof the hollow?

25 Gravity/e 25 8 016.html

14. Use the model of the Earth shown in Fig. 14e3&xamine the variation of g with depth in theemdr of
the Earth.

(a) Find g at the core-mantle interface. How dogary from this interface to the center of the Bart

(b) Show that g has a local minimum within the nigrfind the distance from the Earth's center wihieie
occurs and the associated value of g.

(c) Make a sketch showing the variation of g witthie Earth.
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20. A rocket burns out at an altitude h above thgtEs surface. Its speed vo at burnout exceedssitegpe

speed/ . appropriate to the burnout altitude.

Show that the speed v of the rocket very far framEarth is given by v (2 - v, 2)1/2.
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25. Consider two satellites A and B of equal masswwving in the same circular orbit of radius ruard the
Earth but in opposite senses of revolution andefioee on a collision course (see Fig.14-42).

(a) In terms of G, ME, m, and r, find the total axical energy of the two-saiellite-plus-Earth eystefore
collision.

(b) If the collision is completely inelastic so thvereckage remains as one piece of tangled maténédlthe
total mechanical energy immediately after collision

(c) Describe the subsequent motion of the wreckage.
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26. The Sun's center is at one focus of the Easthis How far is it from the other focus?

Express your answer in terms of the radius of tne S = 6.96 X 1®m.
The eccentricity of the Earth's orbit is 0.0167 #melsen-major axis is 1.50 1¢ m.



