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LINEAR |MPULSE - Mom EnTUM 2026
what \Wappened when we iw&eﬂrq{eo\ 2F=wma
over a fpPath eof a particle 7
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—> We got  Ti+V4+ [ Rtds =T+ wa

This 5 usefvl whey we wneed to rvelate chauges
/n 5/0660( wit chcmj es jn Posiﬁ'om, aud qlso ‘4o
acKmowleolye that ewerjy ;S conserved .

What ‘uf we now wneed +to relate cl/lomyes /9
S[)ch( with Cl/lamyes in time 7 In +his case,
we weed a diffeeqt Strategy/.  let vs

n trodmce the CchVt o)C conseNvation of
[Ineay Wwowmevw bum .



The %mn&v'éy miT s odefned as the finear wmomentom
of Paflicle £, and Hhe \Vi‘tejrq/ ,fzﬁdﬁ
is the [ivear ('W/W/SQ of ihe wet force
QCHWj ovef

§o) -lee, Iiwea{ivmpolse-vmomem-{,—uvw Q?UQHOI/) (LIM)
= 7 L
may + [ Rdt = moy
l
TWis (S A VECT®Pn Expression, so vt cau  be
decowz/)oseaf fn to cgvmpoy)emtsr
VV](\);%—\- f”\)(‘dt = WMZ)(
MWy + [y ot =many,
If the vesolting force fn a given direction is 2€0,

then, [ivear wowentvw u thet direction is
consexved v that directson,



O

L
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=> VV\I\Y,?( =VV\/\)\L7C

Note that this cowuclvsien does
consexvq t7iov1 of Luner 9y
-@A/H’/(yy are  two different g co ¥ tres. Therefore
there way be cases wWheve  wowestom s

conserved ,  but enerey /s wot, aqud viceveysa.

ot Cowe fron,
Mowmen tvwm  aud,



Linear [mpulse - Mowmen tom — System of patticleg

VU hew \OOKIV\j at a systewm of Pa(%ic(é’s, some,
{fotces way (esvlt from intexractions with

othec Pa(h‘c(ej of 1ihe systewm, while olher
foices wma y ndeed. vepresen external inflvence

lnteina [ Lorces Extunval fetces

all forces acting on system "external" forces acting on system



Fiom the TRD gbove:
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=> S, N, *\y (T Fex YA = T w2

In C‘OVlcluS/'om, i% oNE covnpomcmt of +the npet
exteal  force  is 2Ze(o, the Hotal livear
wmomen tum v 1Wat  direction (s conserved
(constaut) => Make Sysiewm aS jyclusive ag
possible 4o wot juclude juleual forces in ile
Q\Aa/\/SFS :
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Summary: Linear Impulse-Momentum Equation 1

y 2

FUNDAMENTAL equation: the linear impulse- '\
momentum equation: 5 ,

2 > -
m§2:m§1+J(2ﬁ)dt => MV T+ S\(EF)O(G SR
1 ' = W AT o

CONSERVATION: If.there is no net force acting of the system in a given
direction (say x), j(Zﬁ) dt=0 , then linear momentum in that direction

is conserved. 1

SYSTEM CHOICE: Make your choice of system as “large” as reasonable -
you want to make as many forces as possible INTERNAL to the system.



Example 4.C.3

Given: A tug having a mass of m is towing a coal barge (mass M) with a speed of v4;. During
a short period of time At when the engines of the tug are turned off, the stern winch takes in the
towing cable at a rate of vp 4.

Find: Determine:
(a) The speed of the tug during this period of time; and
(b) The average value of the tension in the towing cable during this time.

Ignore the water resistance on the tug and barge during this time period. Also, assume that the
towing cable remains taut at all times.

+ Need 1o Kuew  cUmges jw speed affer amaes
[ e —> LM
® W(/l-eq .wﬂ(],]‘kae_ ql/w\Lg G’frC => we Exfeaveld E=ices,
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(mn +#) Moy /th dE = Mg, £ M Wy,
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5) Soluve v A4
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Practice Problem

The loaded skip of mass m is rolling down the incline
with a speed of v; when a force F' is applied to the
cable, as shown at time t = 0. The force F' is increased
uniformly over time until it reaches Fy at At, after
which it remains constant at this value. Ignore the
effects of friction on the wheels.

Find:
(a) The time t. at which the skip reverses its di- F
rection. Fy less—s —
| B
(b) The velocity v of the skip at 2At¢. Treat the } b
skip as a particle. 1 |
0 | | | t
0 At t., At

Use the following numerical values in your analysis: m = 150 kg, v; = 4 m/s, Fy = 600 N,
At =4s

S50luEion.  Need 4o Find \/el(DCH‘,7’ aftd cexlaiv Liwe: 1M

N2 'Mf) Coeo(d
1) £HD N 2) Ceor {/%




3) We have €xterval fovces v x => LM jn x-dif
<a> LiM v x-div,

il f?d{r < WMy,
XY
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Lev= WYL+ Foat
JFo—wmg &ing

= 6. 45 5
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— W, + f (Afg{—-wxgﬁvxf@Y& f(afo—-vmg Que) = wmi,
0 5€ >t

— Wi+ 2B - mgrne Pt 4 Afo (1At wgdu (204)

— Afo AL T w9 qn At =mAL
—wmN) 3 FoAt — 2mggindat = wm Sy
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