Physics 30 - Lesson 2
Two Dimensional Momentum

Practice problems

1.
Before After
4.0 kg
3.0 m/s [E]
O—— 28 mis Sl 4.0+6.0
6.0 kg (&‘
Ps = 6.0kg(3.0%)[E] Pl.6
Ps = 18"/ [E]
64 =4.0kg(2.8m,)[S]
B, =11.2'97/[S] . .,
2.B=2p
— — _ —>y
p6 + p4 — p4+6
18 B.o| = V187 +11.22 = 212497/
0
11.20 )
= gm
Phe AZHG _ 21.2 g ~ 212
6.0kg + 4.0kg
0= tanl(gj =32°SofE
18
\7;+6 = 2.1%@320 SofE
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Before After
+16 m/s —25m/s 3
gokg O—» @) Blo,
100 kg 80kg 0
p80x

E):’I.OOX 010Q kg

. Pioox = —100kg(9.5,)cos 28
Prooy F 0/ =_838.80%M
9.5 m/s Pioox : %

;px isz L Bloo, = —100kg(9.57()sin 28
Pgox T P1oox = Pgox + P1oox . 6100 _ —446.0"9‘%
80kg(+20m,) +100kg(—25mL) = P, +(~838.80%7) Y
+1600%m/ — 2500%"/ =g —838.80%¢"/
P, = —61.20%m/

2P, =2.P,

[Bo| = V/61.207 + 446.0% = 450.18*

P. kg'm
0=Bio, +5 woo [\Pro | 45081 oo
Psoy * P1ooy o 80 80Kg
0= 550y +(~446.0 /) . g
pL. = +446.0kg'ms 61.20
p80y / e — tan—l (ﬂj — 820 NOf W

V., =5.6m@82°Nof W
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After

3. (component method) ¥ 77.8 mls
Before : r);ly
- )

30° [V

+50.0 m/s P,
14x

14 kg
‘ f)i4y

P,y = +11kg(77.8m,)cos 30
P, = +741.14%97/
Py, =+11kg(77.8%)sin30
Py, = +427.9%"/
2B = 2P,
525x = 5'11x + 514)(
50kg(+25.01) = +741.14'9/ +p,,,
Piuy =+1250%e/ —741.14%em/
p.,, =+508.86%"/

2P, =P, 508.86

P, p. kg:m
O = plly + pl4y ‘ 4279 ‘\_/’14‘ — M _ 475%
0=+427.9497% +p,,, o, 14kg

Py, =—427.9'"/
0=tan[ 2279 ) _ 40 1°S0fE
508.86

=/508.867 + 427.9% = 664.86""/

~r
pl4

V), =47.57@40.1° SofE
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3. (vector addition method)

!
After Py

¥ 77.8 m/sj

Before
25 kg ) kg
300
0
+50.0 m/s
[Bas | = 25kg(50.07%) kg
o| = 1250%7%, K i
2.P=2pF
p pll + p14
1250 855.8 .
855.8 514
30° 0
1250
C2 — a2 +b2 _2abcosC

= 664.869m/

sinA sinC
a c

sin®  sin30

855.8 664.86

o — sin-t[ 855:8sin30
664.86

0=40.T
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— /12507 + 855.82 — 2(1250)(855.8) c0S 30

V) \—M = 47.57

¥ 14kg

V), =47.57@40.1° Sof E

= 11kg(77.8)
- 855.8ksm/
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Assignment

1) ~, i
D=7 B’ = /70000 + 518002
/6 B'=p,+p, B’ =87082kg-km/h
7 _ P’ _ 87082kg-km/h
P, = 2.0 x 10% kg(35.0 km/h) m  (1400+2000kg)
P, = 70000 kg km/h V' =25.6km/h
D, = 1.4 x 10° kg(37.0 km/h)
i =t ‘{Mj:S&S"NofW
P, = 51800 kg km/h 51800
V'=25.6km/h@53.5°Nof W
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The initial momentum of the nucleus is zero, therefore the final momentum vectors of all
the particles will also add up to zero.

before after
? D P 21
Pruc P.=9.0x 10" kg m/s
/6 ®
p,=4.8x 10 kg m/s
>p=2p
0 =P, +P, +Pry
P, = 9.0 x 10% kg m/s
P, = 4.8 x 10" kg m/s
A.
-21
0= tan_l 90 X10_21
4.8x10

0=62°WofN
B.

Poe = \(9.0x107%) +(4.8x10 )2

Pruc = 1.0x 10_20 kg -m/s
C.

Vv _ Pruc _1-0><10_20kg-m/s

nuc mnuc 36 % 10—25 kg
Ve =2.8x10°m/s
V.. =2.8x10*m/s @62°WofN
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3) Component method

/6
Before

2.0m/s

0.50 kf>——» O

0.30 kg

pyx = 0.50 kg(2.0 m/s east)
px = 1.0 kg m/s east

py=0
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P'os = 0.50 kg(1.50 m/s)
Pos =0.75 kg m/s

After

Posx = 0.75c0s30

0.50 kg Plosx = 0.650 east

P'osy = 0.75sin30
P'osy = 0.375 south

, Ipy = Zpy
Pos Posy * Posy =0
P'osy = — Plosy
P’o3y = — 0.375 south
030kg P’oay = 0.375 north

Ip’x = Zpx

Posx + Posx = Px

Po.3x = Px— Plosx

Poax = 1.0 east — 0.650 east
P’oax = 0.350 east

p., =+/0.3507 +0.375?
Po; =0.513kg-m/s

,  Pys 0.513kg-m/s
Vos = =
M5 0.30kg
Vo, =1.7m/s

0=tan™ (@] =47°NofE
0.350

Vy, =1.7m/s @47°NofE
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3) Vector addition method

/6 P, = 0.50kg(2.0m/s) P, . = 0.50kg(1.50m/s)
Pos =1.0kgm/s east P, =0.75kgm/s@30°Sof E

Tp=3p

— _ =, _ =,
p0.5 - p0.5 - +p0.3

Pos = y1.0% +0.752 - 2(1.0)(0.75)(cos 30)
Pos =0.513kg-m/s

_ 0.513kg-m/s
0.30kg

Vo, =1.7m/s

0.3

sin® sin30
0.75 0.513
0=47"

Vy, =1.7m/s @47°Sof E

Dr. Ron Licht 2-8 www.structuredindependentlearning.com



Before After

200 m/s
p’2sy =25 kg(2000 m/s north)
3000 kg P’2sy = 50000 kgem/s north

px = 3000 kggzoo m/s east)
px = 6.0 x 10° kg m/s east

Py=0 Tp'y = Ipy
P20750x + P'2sx = Px
P’2075x = Px — p’zsé
p,2975x =6.0x 10" east—-0

P’2975x = 6.0 X 10° east

0 ZPy = 2Py
P2g7sy + P2sy =0
P’2975 P'2075y = — P25y

P’2975y = — 50000 north
p’2975y = 50000 south

Phers = 4/(6.0x10°)? + 5000072
Dly. =6.02x10°kg-m/s

. Phrs 6.02x10°kg-m/s
21 Mg 2975kg
Ve =202m/s

\Y

o tan‘l( 50000

50 105j:4.76°SofE
U X

V,e7s =202m/s @4.76° Sof E
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Component method

5)
Before
/6 7.00 m/s
0.250 K——> O
0.100 kg
px = 0.250 kg(7.00 m/s east)
px = 1.75 kg*m/s east
py = 0
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After

P’o.10 = 0.10 kg(5.50 m/s
P’0.10 = 0.550 kg m/s

P’o.10y = 0.550sin56
P’o.10y = 0.456 north

P’0.10x = 0.550c0s56
P’0.10x = 0.308 east

Zp'y = Zpx

Plo2sx * Plo1ox = Px

P'o.25x = Px — P'o.10x

P’oosx = 1.75 east — 0.308 east

Po2sx = 1.442 east

0.250kg (
0 Ipy = Ipy .
, Po2sy + Plo.oy =
Pozs Po.2sy = — P’o.10y

P’o.2sy = — 0.456 north
P'0.2sy = 0.456 south

Pl = \1.4422 +0.4567
Poos =1.512kg-m/s

— 58.25 ~1.512kg-m/s
°% “m,,.  0.250kg
Vs =6.05m/s

\

——— |=17.5°Sof E
442

Vi, =6.05m/s @17.5°Sof E
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5) Vector addition method

/6 B, ,s = 0.250kg(7.0m/s) P}, = 0.100kg(5.50m/s)
Poss =1.75kgm/s east  p),, = 0.550kgm/s@56.0°Nof E

Tp=3p

- = =
p0.25 - pO.lO - +p0.25

Poss = y/1.752 +0.5507 — 2(1.75)(0.550)(c0S 56)
Py,s =1.513kg-m/s

v - 1.513kg-m/s
025 0.250kg

1.75 V,, =6.05m/s

sin®  sin56
0.550 1.513
0=17.5°

V. =6.05m/s @17.5°Sof E
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6)

/6

Component method

Before
20.0 m/s

A

O
10.0 kg

px = 10.0 kg(20.0 m/s west)
px = 200 kg m/s west

py=0
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After

P'ex = 750540
6.0 kg P'ex = 57.45 east

p’sy = 75sin40

P’ = 6.0 kg(12.5 m/3 Pey = 48.21 south

p's =75 kg m/s

Ip'y = 2py ;

p,4y + p,ey =0 Pa

Play =—Pey

p'ay = — 48.21 south

p'ay = 48.21 north 0
Ip'x = Zpx
p,4x + p’6x = px
p,4x =Ppx— p’6x

Pax = 200 west — 57.45 east
pax = 257.45 west

p, =48.21% + 257.45°
p, =261.9kg-m/s

v _ P _261.9kg-m/s
* m 4.0kg

v, =65.5m/s

f=tan™* 4821 =10.6°Nof W
257.45

Vv, =65.5m/s @10.6°Nof W
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6) Vector addition method

/6 P,, =10.0kg(20.0m/s) p, = 6.0kg(12.5m/s)
Py, =200kgm/swest P, =75kgm/s@40°Sof E

Ip=3p

o =, =,
Pio =P =+P,

P, =+/200% + 752 — 2(200)(75)(cos140)
200 p, =261.9kgm/s

v = 261.9kgm/s
N 4.0kg

v, =65.5m/s

sin® _ sin140
75 2619
0=10.6

Vv, =65.5m/s @10.6°Nof W
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7)

/6

8)

/6

Dr. Ron Licht

Since the balls have the same mass, we can ignore it and just use the velocities

Vi

Tp=3p’
L v, =4/(3.0m/s)? +(4.0m/s)?
P, =P, +P;
V,=V,+V, w=30mis v =40mis V1=5.0m/s
Vector addition method
p, = 0.30kg(4.0m/s) p, = 0.20kg(5.0m/s)
p, =1.20kgm/s @ 45°Nof E p, =1.00kgm/s@30°W of N
Ip'=3p
6' = 61"'62
p = 41.0? +1.22 —2(1.0)(1.2)(cos105)
p =1.75kgm/s
v o= 1.75kgm/s
0.50kg
v =3.5m/s
sina _ sin105
1.0 1.75
o =33.5°
0 =33.5° +45°
0=78.5"

vV =3.5m/s @78.5°NofE
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8) Component method

p1 =0.30 kg(4.0 m/s)
/6 p1=1.2 kg m/s

p1y =1.2sin45°
p1y =0.8485 north

45°

P1x =1.2c0s45°

p1x =0.8485 east
(x—direction)
2px= Zpx
px, = plx + p2x
px = 0.8485 east + 0.50 west
px = 0.3485 east

Pax =1.0sin30°
pox =0.50 west

P2y =1.0c0s30°

b =0.20 kg(5.0 mis)\ | P> =0-808 north

p. = 1.0 kg m/s

(y—direction)

zp,y,= Xpy

Py = P1y * P2y

p,’ = 0.8485 north + 0.866 north
p, = 1.7145 north

p’ =+/1.71452 +0.34852
p’' =1.75kg-m/s
1.7145 g - P__175kg-m/s
P m 0.50kg
v =3.5m/s
034685
' 0=tan| 2714° | _ 78 5° Nof E
0.3485

v =3.5m/s @78.5°NofE
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