Physics 1401
Formula Sheet — Exam 2

=  One-dimensional kinematics

o displacement: Ax=Xx; — X
total distancetraveled

e averagespeed =
208 total time
+  instantaneousspeed =|V| (magnitude of the instantaneous velocity)
. AX  X¢ =X
e averageveocity: v,, =—=
ag Yo Vay At -t
. T . AX
* ingstantaneous velocity: v = lim v, = lim —
At -0 At-0 At
. Av Vi TV
e averageacceeration: =—=
« Y ty —t;
. . . . Av
¢ instantaneous acceleration: a= lima,, = lim —

A-0 & aAt-0 At

¢ One-dimensional motion with constant acceleration (4 facts):
(1) v=vy+at

@ x=%+(p +V)t
) x:x0+v0t+%at2
(@) v = +2a(x-x)

¢ Freefall (positive direction for y taken to be upward)
Ox - y and a —» —g intheabove 4 facts:

1) v=vy—ot

@ y=yo+5 (ot

® y=yo+vot—%gt2

@ v =v§-29(y- o)
= \ectors

The resultant vector for several vectorsisthe vector sum. For example, if you have three displacements
d,, d,, and ds, theresultant displacement R isgiven by:
R=d, +d, +ds.

If avector A iswritten in component formas A= A X + Ay then:

¢ Getting magnitude and direction of A fromthe components:
W = Az + A7 (magnitudeof A)

0= tan'{%j (direction of A)
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e Getting components from magnitude and direction:

A :HCOSQ (x component of A) } & understood to be the angle that
Ay =Wsin6? (y component of A) A makes with the positive x axis

* Projectile Motion
e Xxdirection (motion with constant vel ocity):
e a,=0
¢ Vx =Vxo
* XZ=Xg TVt

e ydirection (freefall ... positive direction for y taken to be upward):
(D) vy=vy,—at
1
@ y=yo+5otv )t
1
(3) Y=y t+Vyt —Egtz

@ V2 =vZ-29(y-yo)
= Newton’s Laws of Motion

« Twokindsof forces: contact forces (objects in contact with one another) and field forces (objects
not in contact with one ancther). Gravity isthe only field force we will deal with in this course.

. z F=ma (Newton's 2™ law)
Cimpliestwo statements: Z F,=ma, and Z F, =ma
e Weight: W=nyg

« Norma forces: in genera, whenever two surfaces arein contact, each surface exertsaforce on
the other in adirection that is perpendicular to the two surfaces.

y

= Friction forces

» Twokinds: theforce of gatic friction, fg and theforce of kinetic friction, f, :
o fy<u/N (force of static friction)
e fi =N (forceof kinetic friction)

U, ="thecoefficient of staticfriction"; p, ="thecoefficient of kineticfriction”

= Strings and Springs

e Strings
¢ thetensionin astring always pulls on the objects attached to the ends of the string
e Springs

¢ Hooke'slaw: ‘If‘ =kx. k="the spring congant” or “the force constant”.
¢ Work required to stretch or compress a spring a distance x from its equilibrium length:
w =L
2

1

*  Potential energy stored inaspring: U ging EEKXZ
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» Translational Equilibrium

- > F=0=4a=0.
¢ The statement immediately above really implies two sets of statements:
ZFX:OandZFy:O = a, =0anda, =0.

= Circular Motion

¢ Centripetal acceleration: a., =

= Work and Kinetic Energy

e Work: W =Fdcosé
«  Kinetic energy: KE%m\/2

*  Work-energy theorem: W, = AK
¢ Work required to stretch or compress a spring a distance x from its equilibrium length:

:lkxz
2

» Potential Energy and Conservative Forces

*  Work done by a conservative force: W, =-AU , for some potential energy U
» Gravitational potential energy (near surface of Earth): U g, = mgy

*  Potential energy stored inaspring: U gying E%kx2

e Total mechanical energy: E=K +U
= Linear Momentum

e Linear momentum: p=nwv
¢ Newton’s second law:

S F= lim 2P
At 0 At

(instantaneous net force equals ingtantaneous rate of change of linear momentum). Impliesthe

following: )
B, =

(average net force equals average rate of change of linear momentum).

« Impulse: fE(ZIf)aVAt

«  Impulse-momentum theorem: | = Ap
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= Collisions

e Two broad categories. head-on and glancing
e For each category, three classes:
1. dadgticc p and K conserved

2. indagtic: p conserved, K not
3. completdy inelastic. p conserved, K not, objects stick together
e Head-on collisions:
1. dadtic
o myVy; +MyV, =MV +myV,;  (p-conservation)
* VgtV =V V¢
2. indadtic:
e MV +MyV, =MV + My, (p-conservation)
3. completdy indastic:
° My MLV =(ml+m2)vf (p-conservation)
¢ Glancing collisions.
* Py = Px

° Pyi = Pyt



