
Bird and Runner Problem

Part A

runner
distance : X

bird total distance : L+ (L-x)

di = L + (L - x) do =
2dr

(bird is 2x
faster)

dr = Y

db = 2dr

L + (L - x) = 2x

22 -x = 2x

22=
3x =

X = E

Part B

Bird is 2x faster,

di = 2 dr



Dropped Tennis Ball Problem

Part A

Dy 1 2) Use Ve = Vo + aD+

Vo = 0

9

1) Find Dt

!Cnegative)
V =?

Part B
Dy = tal+

Vo=?

DY2 = v + 2aDy
D=

V+ 0
vo = Ma (positive

C

Part C

- part !

4==



Recom
Crane PlaneProblemon

as

T
1) FindAt for both trips

v= = +=

Forward trip : Ate=
Return trip : Atr = e

2) Find Taug v=60000

400 600



Two Planes Problem

v= =
Dx =
vet

DX ,

DX2

d = 160-116
= s

. sine
Ry = Axesint-Ax ,

sint

Rx = DX ,
cost + Ax2 cost

R=+ Ryz



Projectile Final Velocity Problem

=

·
Findet += v = v

Vy= -9<

V = vo + ast



Two Snowballs Problem

Part A

#
Part B

↓
-

Vo = Vy

XT2usin34V= = 0

a = 9

V = Vota

total Dt = 2D+= A + total,

Dartz=

Subtract for answer



Cheetah & Gazelle Problem

Part A ⑪
km/h -> uls a-

X(m)

L
7

·
Y = mx +y

It

cheetch-DX = veSt

gazelle Ax = VS+ +90.2

V St = VoS+ + 90 . 2

Part B D + (vc - Vo) = 90 . 2

in
AXC

6 : Vost = AVI -
A Xo
--
E

&



Salmon Problem

1) Breakvo into x and y components

-2) Find St #
V= va usin-

VowsA = VX

=
3) Dy = Vost-Eggth
& y = Vosine (*) )

= voix = tanx o
= v3=-tax)



Block at Rest on Plane Problem

*
Part A

EF = 0 = FF - Mysint ) Fe = mysing

Part B

Fr = NFn =) (mysine) = ~Cmgcuse)
v = tant = E = fan"(v)

Part C

EF = ma = mysint-FF FF=NFN

--

ma = mysint-uEn
& mycust = FN

-

ma = mysine-umgws)



·to
Part A

At--my
EFx
=

ma = Ug - my

=
a = -mg

Man)a
=

my
M+ m

Part B

EFy = ma
= F+ - mg

mass of
little block

F+ = ma +my



Force Between Two Blocks Problem

F pushes M +r

·st En pushes
m

-

=
mis ota

Fm= F



Two Cars Braking Problem
EFy =0FN-Fg = > FN = Fog

FF F EFX = Ma = FF
-

↓ re =F )
Part A : a=my

Cnegative)M

a =

-vg

Part B!

a =
Part A v= v+ 2aBX

Up = given

Vf = 0

DX =? Do
Partc: T v=

↳ ust



Crate Pulled Up Ramp Problem

Part A

Dk = Wex + Weg + Wrapplied
WFriction = Fied- =FN) d = (umgcost) -d

soN WFF = negative↑
must WFg = my by Dyedat

= mydsin
Wig = negativeed

Wrapplied : W =F.d and is positive

Part B

DD = - Ko Ko = Emus
-

ke = AR + ko

mu
v



Work done from two vectors problem
i =x j =

Y
Part A

b

=

Fos = w

Sy = 3 Sy = 1 Whotal = 10 + (2) = 16 3

w= =2
W = 18

Part B
tant() = E

for been

- Vectors and

add them up



Block on a
Wall Problem

FEFy =0 = FF + Eg - Frinze

EFX =0 = En-Feos30

=>> FN = Frosbl
FF + Fg = FsinsO

I

↓↓ NFcoS3D + mg
= Fsin30

NEN my
= my

= E(Sin30-Ncs30)
Part A = F=S and W = F . & Sin 30

Sinso-ecosse

Part B W= ed = Wg = Eg . d =

my .
d

Part C
FN = Fcos3O



Ca-Driving Up Pike's Peak Problem

100 kW = 100, 000
W

=iSt
F =mysint

p = F - v

v=



Block Dragged on Rough Surface Problem

FN TO Sin30

> Locosso⑫ ↓
g

Part A
W = F .
I cust

Part B

Wit = Ed FF =NFN

~



Two Blocks and a Spring Problem

↳att PartA VE = Ekax2
0

. 6 m

·Partcollision
->

Bug Before(po
W = AK = Emot solve for

blsng-> -- After(pe)

b(v) + S(0) = (b + 3)vf I
↳
Part Du? V = 0

As-> B

Wit = Ak

Fr
d = Dr = d==g)

FF = NFN

For = Fg



Neutron Collision Problem

Elastic : R is conserved

my
Gu Ev = o

p-> miVi+Vi = Mere + MeVo

-m
Part A : fraction

Part B

11-fraction) (Mo) = K



Aircraft Thrust Problem

Part A F= Crexhaust

P = F -v = Thrust (rplare)

Vexhaust

"plane-T Stud
Urelative-

nexhaust
Thurst = fuel part+

air part
&air

= fuel (rejected)+Mair (Urelative

Part B

p = F . V =
Thrust (Uplane)



Rotating Disha Problem

+
20.

90
w===
· =
3600. n

Iver



Car Decelenting Problem

I linear - > angoly-

00 Y =
w Crat(s)

G =
& Crad(s2)

we w+ 2 co



Testing Car Tires Problem

Centripetal acceleration

a an =
targential acceleration

at =

Du

given It

· =
i

EF = ma
= Fr

ma
=

N a =g



Coin on Turntable Problem

e
SFx = m FF

muuFN

~m



Amusement Par Ride Problem
-

FoFisLig

1) Find FT 2) EFx= Fisine

EFy = O
= FTcost-Fy S

> First = my ~= (E) + Isint

Parti v=?

Part 13

F
+
cost = Fy

F
+ co

= my

Y
(mseat + Mchi)



UCR Tape Problem

⑭oR radius of full reel

r: inner radive of reel
↓

R : radius of reels when w
.

=W

⑮
TR2- Tr = TR2 -Tr2)

E R_
r2-

2

< R2=
= R=

I
=

w=
v = e

↓
v = rw

hr to sec



Apollo Spacecraft Problem
R

Rever
Part A

FFn
R = PE + E

ME==
Part B: Trivial



Car on a
Curve Problem

Pri
· rear view

ax= cost not
Ay= sin

EFX = Cost = FF + Fysing

EFy = sint = FN-Eycost

Solve for v

lettanta



Force from Two Large Masses Problem
424 (mp)

149kg (mc) es

⑧ Sa ⑳ re
0 .

413 m
c-

>

F=FM-m = Lm(MB-M) Can-
Part B

Fz = Fr d = 0 .413M

assume r is distance from big one

so der is distance from smaller one

GuBMGMM = Myld- an

= (dur = run dr =n

di =u + rut

E r=is



Man on a ladder problem

EFX =
0 Fw-f = Fu =&

EFy =O= N- w = > N = w# ET = 0= Frdsint-we cost

Fudsint = wlcust

FF =NF) Crmg)dsing = mylcost
ud sinf = I cust

Nd tant = l

tant =
= O = tan (t)



Ladder on a wall problem

EFX = 0= f-Fw

EFy = O = N-w=ofilsiet-we

X
: Fw = f = NFr

T : Fulsint = w(E) cust
Fusint = Ecost

y
: N = w

Fuse
UNsing = L cust

= A = +an
- (2)

usint =



Hammer and Nail Problem

->
F =21/N

#i
&

single point of contact

Thank I Jalan

F(0 . 20) = Fail (0 .

030) sing (Part A)

Part B :

EFX = 0 = -En sing Fix

EFy = O = FTy -

ENCostFT
⑰TFsicA = F

Focuse =Et FF



Center of Mass U Plates Problem

Part A
Ei WiXina Ei WiXig = -

lg = +W
+ we

Part B

Yey=ii

kg:El



b↳
LeftPulley :

ET = Mir, a = T
.
r

.
- Tzr = ( m

,
a =
T

.
-T2

Right
Pulley :

2T
= mz-2a

= Tz-2 - Trz => M2 = Tz-Ts

↑T
YT A [F =mya

=Tz-mug
⑭ SF = msa = mg-Ti

↓ rug↓
mig

M ,
a +mza +Mya +mya =

Mzg
-

myg



Energy of Merry-go round problem

1) FindIcycinder = Emr2

846=
2) Find & from :.

a== : For

3) Use a
to solve for we

We = Wo + LA+

4) k= Emr
=) Rot = & Iw

2



Rolling Bushetbal Problem

~an h =dsinA

Esphere = Eur2

Ug = Karanslational + Krotational v = wr

mgdy = Emv2+ -In

agh = [mv2+ (mr2)(E)

= gh = But = gdsing

= vint
A



Dishonest Pan Balance Problem
W= actual weight
W = dishonest weight

difference
I -

" ~dishonest"

-
w



Pitched Baseball Problem

Isphere = Furt

hot Holture
-

Emul

=



Rotating
Stal Problem

-fut

Incial F
: Stool + (2mrt)

Final
I: Stool + 2(mr2)



Merry-go-round Consu
. Any Moments

ho = Le Icyl = Eur2

Towo = Iff

Io = Icyl + Iman = Icyl + muz

If = Ig

I new
his 2 rad



Man Walking in Boat

MmYm + MyYb
↓

before DXcm=-I mu + My

D1 after
= mmAXm + MpDXy

= 0
-

Mm +My
MmBXm +MbXbz0

mp = mm(p)
&Xm = (l of boat) - (d to pier)

Dxy = (d to pier)

DXm =l - DXb



Bulk Modulus Problem

po = lots Po = htm

D D = 160-1 = 159 atmy

11Ap = P -



Block in Oil and Water

-

FBWN# wil

hiz -Th

FB: l + Fiunter ty Fi = pVy

PoilVg + Porter Vg =my p= m =pV
V= Ah

Pois V + Prater V= Popch V

Pois (A) Ch-y) + proter(y) (A) = Pococh (A)(h)
Pois (h-y) + Proter(y) =

Pbru (h)
= pwatery) - Poly) = Pylon(h) -

PoilCh/
- Y (Prater- Po: ) = Porn(h)-pois(h)



Block or Spring undernote

Fi = pVg FB EF =0 = Fy + Fs-Fi

Fs = UDX Fsul Ey Fs = Fis-Eg
↑ KDL= pVy-mg
DL=DX Pb=

ub

Up = A

Pb

KBL =

Punter(h)-minu (g)
Owate = 1000 Ky/ns



Basic Pressure Problems

p = F
A ⑰my

Dots A = 10. 05) x2
&

60
.05 =7

the Convert Po psi

Nuclear Ore
-

-
p= Op= 0 . 2 ate-> Pa

la +m = 101300 PS



Pressure Under the Ocean

p = Patm + pgh

Owater = 1000 Kg/m3

p = 3x Patr



objectImmeral in water as Oil

Fig = A in weight air -> water

Fi = po pwater = 100 Symb
1/s

↑obj =

m
Part B 6

g =9 . 8

Fiz = Poil Vg
sooi

273N in



falstones on Windshield Part B =-P

elastic collision -> Uf = Vo

DV =zv/ Fatem

F = mb)SingHotsbonessorstones e
S



·

an F
Lig

· Fiz = pVg poo
-

p=
Fg = Fg-Fiz total weight

3(9 .8) = Mug +Mygtmag-E



water squirting from Tank

O

↓

!
↓=

pay

·



Oil in Horizontal Pipe
d = Im

j
d = 0. 6m

Perio P
I P2= 6000 Par-

Flow Rate = Au confinity : A ,
V

,
=AzUz

Bernoulli !
↓ uz =A

P, +Epr2 = Pr+E pu = P2 +zp)
= ) P

.
-P2= p() - Epi

Esp ,
-P2 = EPR(

Plug into continuity

Aread



Fireman Hor Problem
① A = (e) T

O PN + pgly + Eprn = Pp+y +t prp
⑪ EpVn-Epup2 = Pp + PN-pgDy

Up CUR-up) = pp-PN-PGD
297 .

654 UPa =

jup=-PN-p9xy) Op-PN
P

Apup = AnUn = rp4up = (iirm) on

up Up u
X = un-up = vw (Un

=>X
=x =-
=something



UTube

g
Find L

V of gylinder = AL p=

(m + (m)

2) Ph Pr Ay . hy = Az .
42

= hz = Ahh

pyChith2) = pgL An

pgh , (1 +) = pgL



Temp of Air

v = Vot vift

fl = vos

=
T=

k - 213 = "



Rock Banz

B = lolog (E) Io = 10 win ?

A = log ,o B p = zo

B = 6 A v = Smo I

() =
10 Ir= Cons

?

=
E

= ro = ro



Intensity of Chorus

total Intensity
= Sum of individual intensities

In = nE

Pn =1olog
= Cologn Ho



String Hamas

2harmonics =
11)

-My
-

To c

() v = f) 1= z = = (7)

Fin

GD funff

= v=



Spring Constant Problem

A

EFcontent↳



Strins Stretched Twice Problem

F = UAX

ItIT
Fly F ?

e 1) Fina K

2) use h to get F



Half of Max Speec SHM

3
·It

all VE

= ERDX2
allVE

= ECmopyc
Kimo2

V =
-AusinGwt) [MwDy = Emu+Ema

w2DX2 = v2+ w2DX2
v = (e)

we At v2+w2Dy

w2A2 =(A)+wig

A2 = A +AX

Ax =?



Tensio in ple cory

4m = l

-Ax = 4(2e)

v = DX = 4
= vare

v2 : E
V=I

v2_I



Steel Tract Expansion

(a)
DL = CLoRT

↑

TTo

(b) Y = Sen st = Y()
Strain = Ac



Mercury There

·
To(e)](T)

AV = Vylnder
DV = Tri



Corundle Expansio
T+20

°

C
T

BD B
-

2Son4A
A

DL = GLoBT

-f = Lo + DT



Molerle Escapis Fath

(a) r = Ug Fg9
Imu= -b

g = br
↓

Gam
n = R g=

(b) mOz =Clood = not 02

N = 10

Ep =
130x10] K = ENKpe



Railroad Spike

k = u

0 .
85CEmu2) = U



Translational WE of Oxygen

P = / atm = 101
, see(1

= 101
, see p

T= 0 = 213k

V = 1L = 0
. 00im3 R = b .3)

1000 L = Im3

1) Finz n

PV =nRT

n = P
-

2) v = EnR+



Pressue in a Tire

=
P, = 20 pci + 14 .

7 = 34
.

7 psi

T

, =
- S +213

= 250k

Tz = 20% + 273
= 293 k

P2-14 .

7 = Pegaage



Aug KE of a was mileue

p = 8 atm /101se 1

↓
v = Slo

PV =nReD --K
= ENkyT



Climbing to Wi off Cale

Cal ·
41865/c) = Toles

footugem



Bullet Find outo Steel

↳= Em
k = D

Q = mcDT

Em-2 = mcAF

AT



blass Thermometer
in let water

2 = water
I = glass

mz =
0. 200 k

n. 0 .3 by
2 = 1

= 0
.
L

To =&S

to : 25

m
,
c

,

AT = MeCATz

m
.
<(Toil =mu G-TO2)

4-com



water Freeing I to Ice Abe

&
freeze=

raiseTot Has from200 t 0

DQ = M : CAT = Mahe

Live) Crate

M
-

2 MLA



Hot lnget in
water

metal Ell water (2)
- -

m = 0
.

05 M2= 0. 4

=? 2=4106

Tol = 200 Toz= 20

Tf = 22. 4

Post = Quired

Metal = unter

- mipDT ,
= M2GDT2

=



Brick wall conductivity

= E
zo

Q = KAPEDE
n -7

n :

60 . 60
M = 1 x 10

4 .

3600



Ice Added to Tea

11 = 0
. 001 m3 = 1000 9

Mr =1000 9
Wil &

cost by water
DTw= 20

DTi =10
= Querice + Quic T

hi = 19
.7 mwCrDTw = MiLf;

+MiCrDTice

MwCwDTwd (Lf i + CrDTi)



Condudivity of Insulator

umam

p=
=A(PE)

p
= kA(b)



ten in the Son

&
Lost by water

= Questic + Rice AT

MrCrATw =Mifi + MiCrDTi

MuLuATu
= Mi=

JVfitGDTi)

M
totlice-M =Mileft

Mu =

Mitotal

Cr = 4186

[fi = 3 .

33 xl0S

ATw = 0 .3

DTi = 31 .7



Three Liquids

Mix 1 and 2 :

DT .
= 7 mic,

DT, IMeCeDTe

DT2=3
=l=G

mix 2 and 3

DT2= 8 :

M2 CDTz = my GATy

Atz = 2 = C4c
= ( = 2

mix I and 3

m
,
C

,
DT

,
=gC3DTz

m ,
c

,
CT+ -Top = myC(tos -TC)

M
.

C
, Tf +mg(g Tf = M3Cy To 3+Mic. Topi

To



Ice in a Copper Cup
Mi = 0 . 04] 9) Hent Gained by Ice
mu = 0 .560

mcu= 0 . Of Hi =mici (7)+miLg+h , en <Tg)

Gi =2010 +michts
C = 4180

um= So 2) Hait Lost by Valer
S

Lf = 3 .33x10
H2 =myCr /25*f) = MvcrIS-RwCrTf
# -MwCwTf

H
,
= 1+2+13

3) Heat host by lapper

Ity = McCo(2S-T1) =Mcc25-malcuTy

16g-McoCerTf

=
Loco



Refrigerto Power

w
= &

w=CTH -Tc)

CTC
↑

0
. 07S

p=
=-Th

-T


