HO 16 Solutions
m
1.) m; =80.0kg, m,=0.160kg, v, =v, =0, vy, = 300 —
- S

using Conservation of Momentum

Py Doy = Pij+ Dy SO MUYy + 1LYV, = IV, + 1V,

0+0-(0.160 kg)(S0.0 m)
S

My, +Myvy, =My, 006 ™
v, = = =[-0.06 —
g m, 80.0 kg s
2) m=0.145kg, v, =30.0 = and v, =-450 —
S S
a.)
Ap=mv, —mv;=m(v, -v,) so Ap=(0.145 kg)[-45.0 = ~30.0 = |= |~10.875 kg'm
S S S
. kg-m
using Impulse-Momentum Theorem J=Ap=|-10.875
S
b.) At=2.00x 107 s
kg-m
10.875 ==—
J
J=FAtso F=-—=————5S _I54375N
At 200x10° s -
3) F(r)=A+Br*
n ) 5 7 13 I, 3
a.) J=[Fdi=](A+Bt )dt=At+B§ = Aty + = Bi} = 0=|An + B,
1 0 0
b.) v, =0

Impulse-Momentum Theorem

1,3
At, +—Bt;
J=Ap=mAv=m(vf—v[) so vf=—+vl.=—3+0= ﬂ+LBt;
' m m m  3m

4) m=0046kg, 0=45°, Ax=200m, At=2x10" s

ball is a projectile launched ground-to ground v, =v.cos6 and v, =v sinf

v, = Zﬂ = Ax or(l)t= Ax and maximum height occurs at midpoint where Ax =100 m
tot v,
. . v, . Ax v,
at maximum height v, =0 =—gr+v, so(2)=—"2 and equating (1) and (2) — = —*
8 Ve 8
therefore at max height A _ vosinb and gAx = v’sinfcos@ or v, = gAx

v,cosf g sinfBcos0
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4.) (continued)
(9.8 r‘[2‘)(100 m)
S

so the speed right after the ball is hitis v = - 443 2
sin45°cos45° s
before the ball ishit v =v =0
after the ball is hit v, = v cosf = (44.3 E)cos45° =313 = and v, = vsinf = (44.3 2)sin45° =313 2
s s s s
using Impulse-Momentum Theorem
(0.046 kg)(31.3 m)
FXAt=ApX=mAv‘_=m(vX—0) so F, = ™ - 7 5/ _2057N
’ At 70x107 s

(0.046 kg)(31.3 m)
>/ =2057N

m
FAt=Ap, =mAv, =m[v, -0)so F, =—2X=
S c=mln=0)so £ At 70x 107 s

therefore F =2+ F =+/(205.7N)" +(205.7 N)* =[291 N

since we are only interested in the magnitude of the force we could have just found F from Av since they are in the

same direction
(0.046 kg)(44.3 2o

: )=

mAy

At 70x107% s

FAt=Ap=mAv and F =

In general, however, we should always treat impulse as a vector and look at components.

5) m; =1800kg, v, =0, m, =900 kg, v, =20 ? inelastic collision so Vi, =Vy, =V

using Conservation of Momentum

Py Py = Piy+ Dy SO MGV + 1LY, =V, MY, = (m1 +m2)vf

m
ey, (1800 kg)0 +(900 kg)(ZO S) o

v
T m+m, 1800 kg + 900 kg s

6.
m=30kg, v,=10 =, 6,=30°v, =10 =, 0, =150° Ar =020 s
S S

Before hitting the wall v, =v,cosf, = (10 E)cos30° =8.66
! s

|8 «|3

v, =vsind, = (10 2)sinso" =50
! S

m

After hitting the wall Vi = v,cosf, = (10 E)(:05150o =-8.66
s s

v,, =Vvsinf, = (10 E)sinlso" =50 =
S S
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6.) (continued)
the only momentum change occurs in x-direction and Ap, = mAv, = m(vx . Vx,-)
using Impulse-Momentum Theorem

J=AporJ, =Ap, =m(vl vx_) so J, =FAtor F, =% and J =FAr=0or F =0
1 t J

‘(f -
, m(v_ _y ) (30 kg)(—8.66 2 _8.66 m)
therefore F, = — = S > S/ _ 260N
At At 020s

so the force from the wall is F = [260 NZ —180°

7) v, =40 m/s v, =-2.5m/s V=30 m/s Vo
If= - ¢
— k =600 N/m *—— >

A A S A S AT A A A S A S AT

m, =1.60 kg and m, =2.10 kg

a.)

using Conservation of Momentum

Py Doy = Pij+ Dy SO MUYy + 1LYV, = IV, 1V,

m m m

v, +myy, —my, (1.60 kg)(4.0 S)+(2.10 kg)(—Z.S S)—(1.60 kg)(3.0 S) —

A% = — = = |-1. f—
gl m, 2.10 kg s

b.)
using Conservation of Energy

K +U, +U, +W,,, =K,+U, +U, s0o K, +0+0+0=K,+0+U, or K, =K, +U,,

1 1 1 1 1
Eml"lz,- +Em2v§i = Emlvlzf +§m2v§f +EkAx§

2 2 2 2
MYV, + Moy, = MV = Myvs
Ax, =

k

2

(1.60 kg)(4.0 T)z +(2.10 kg)(—Z.S ‘:) ~(1.60 kg)(3.0 r:)z ~(2.10 kg)(—l.74 o

2
e L ) e
m

c.) Vs, =0

using Conservation of Momentum
Py + Py, = Piy+ Doy SO MGV, LYy = LY, 4 Yy

m m
160 kg)[4.0 = |+(2.10kg)[-2.5 2 |-0
_ Wy H Yy T Yo, _( g)( s )+( g)( S) “lo72 &

! m, 1.60 kg s

Vi
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7.) c.) (continued)
using Conservation of Energy

K, +U, +U, +W,

other

=K,+U, +U, 50 K,+0+0+0=K,+0+U,, or K, =K, +U,,

2

(1.60 kg)(“-o I:)z +(2.10 kg)(—z.s r:)

600 N
m

~(1.60 kg)(0.72 o

2
-0
)

8) m, =1500kg, v, =250 ? 6, =0, m,=2500 kg, v, =20.0 ?,and 6, = 90°

inelastic collision so Vig =Va, =Vi and Vig =Vap =V
using Conservation of Momentum in the x-direction
Piy ¥ Doy = Prj + Doy SO MUYV TV, =LY IV = (ml + m2)vﬂ

My MYy myv, cos6, +m,v, cost,

fo =
’ m;+m, m, +m,
m m o
(1500 kg)(25 0 )cosO +(2500 kg)(Z0.0 )60590
S S m
V= =9375 —
1500 kg + 2500 kg S

using Conservation of Momentum in the y-direction

Piy + Doy = Pry + Payy SO MV 1MoV =GV 1MV = (m] + mz)vfy

b= MV, Vs myy, Sing,, +m,v, sind,,
! my +m, m, +m,

(1500 kg)(25 0 m)sinO +(2500 kg)(Z0.0 m)sin90°
S S

v, = -1250
1500 kg + 2500 kg S

2 2
v, = Vi +v? = (9.375 E) +(12.50 E) -|15625 &
f Jx Al S S S

1252

v =
0,=tan" <L =tan”'| —3-|=[53.13°

Vi 9375 2
S
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m; =5.00 kg, v =0 and m, =100 kg, v, =0

m,

B C

(1) determine the speed of m, just before its collision with m, using Conservation of Energy

using the lowest point as a reference for m;, y, =5.00 m and y, =0

K +U, +U, +W,,, =K,+U,+U, so 0+U, +0+0=K,+0+0o0r U, =K,

mgy, = %mlv2 and v = \/E = v, (before the collision)
(2) determine the speed of m;, just after its collision with m, using Conservation of Momentum
Dy Do, = Piy+ Doy SO MUYy M, Vy =V, Y, and mv, +0= My, +myV,,
therefore (A) myv, = My, +myV,,

since the collision is elastic kinetic energy is also conserved the relative speed of the two blocks before the collision
equals the negative of their relative velocities after the collision

Vi, T Vy = —(vlf - sz) therefore (B) v, = Vi, Yy,

i

from (A) v, = Vi, + % Vs, and combining this with (B) 2v, = (1 + ﬂ)vzf = (M)vzf
1

m m
2 2
and vy, = it v, and from (B) v =v, -v, = i Vi, =V,
m, +m, m, +m,
v, =V _m 1 and using result from (1) v,, =4/2gy 2m, 1
Vo my +m, i/ \m, +m,

(3) determine the height of m, after the collision using conservation of energy (K =U )

2 2 2
1 2 Vlzf- 1 2m 1 2m 2m
—my,, =m or y,=—2=—1./2 L —1[| =—|2 1| |=y|——-1
2 My 18Y, OT y, 26 2 /28 2 &V Y my +m,

m, +m m, +m,

2(5.0 kg) ’
~(500m)| ———=8__y| _[056
2= m)(s.oo kg +10.0 kg ]
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1) m=12kg,v,=80 =, v, =60 =, Ar=20x10"s  —>
S S

e

using Impulse-Momentum Theorem

;e —v) (12 kg)(—6.0 2_80 m)

f i S S
J=Ap=mvf—mv[=m(vf—v,) and J = FAt so F=E= v = 2 0x10° 5 =
2) F.0N)

4 m=20%kg, v,(0)=-20 =
1 1 S
0 ; > 1(5) o
\ NG, ! J=[Fdt=Area=A, +A,+A,
R J=(4N)1 s)+%(4N)(l s)+%(—8N)(2 $)=-2N-s

using Impulse-Momentum Theorem

J=Ap=mv,—my, =m(vf—v,) S0 v, =i+vi _2N S +[-20 E)= ~30 =
' ' m 20kg S S
N m m .
3) m=20kg, F,=(40t)N=|40 —|r, v,(0)=3.0 —, v,(1)=8.0 — find 1
S S s
t 2 !
J=[Fdt=J =[Fdi= 1(4.0 E)tdt= .(4.0 E)t— - (2.0 E)ﬁ
0 S s/) 2], S

using Impulse-Momentum Theorem

J=0p=mv,—mv,=mv,-v)=(20 kg)(S.O ?—3.0 ?)= 100N s

J()=(2.01)N=100N"s and =

Alternatively graph F versus ¢ and find the area
F,(N) y
12 +
8
4 L J=[Fdt=Area=A, = lt((m E)t) - (2.0 E);z
I 2 s S
0 ————F—1> 1
1 2 13 4
using Impulse-Momentum Theorem
J=0p=mv,—mv,=mv,-v,)=(20 kg)(S.O ?—3.0 ?)= 100N s

(2.0 E)tz =100N-sand 7=
S
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4)
EERRRRAA | WERREREE o, =0010kg, v, =1000 =, v, =400 =, m, =20kg,and v, =0
v s s
fi bullet
using Conservation of Momentum
Dy * Py = Prp t Doy SO MYV, 1, Vy, SV 1LV,
m m
0.010 kg){ 1000 — [+0-(0.010 kg){ 400 —
My, +MyVy, = MyVy ( g)( s )+ ( g)( s ) 30 M
V,, = = =30 —
g m, 2.0 kg s
using Conservation of Energy for the block m, with y, =0 and v, =0
K +U, +U, +W,,, =K,+U,+U, s0o K, +0+0+0=0+U, +0or K, =U,,
2
| , (3.0 m)
v S
& 2(9.8 2)
S
5) m =60kg, v, =50 =, m,=20kg, v, =v, =v,=-20 =
i S r Yy S
using Conservation of Momentum
Py Py = Piy+ Dy SO MYV + 1LYy =V, MY, = (m1 +m2)vf
m m
6.0 kg+2.0kg){-2.0 —|-(6.0kg)| 5.0 —
(rm +mo)v, —myv, ( s g)( s ) ( g)( s ) m
Vv, = = =|-23 —
' m, 20 kg s
m
6.) m, =20kg, v, =50 —, m,=80kg, vy, =0, and Vi =Yy, =V
s

using Conservation of Momentum
Py ¥ Doy = Pip+ Doy SO MGV LYy =LY+, = (m1 +m2)vf

(2.0 kg)(S.O r:‘) +0

= _102
m, +m, 2.0kg+80kg s

_myy +myy,

Vs

AK=(K]/, +K2f)_(K]i +K2l,) = (%m]vff +%m2v§f)—(%mlvfi +%m2v§i)

1 1 1
AK = (Em, +Em2)v; —(Em,vi +—m2v§i)

AK = (%(2.0 ke) +%(8.0 kg))(l 0 ?)2 - (%(2.0 kg)(S.O ?)2 + 0) -



HO 17 Solutions

m =30kg, my=14kg,and v, =v, =0

m,

B C

(1) determine the speed of m, just before its collision with m, using Conservation of Energy
using the lowest point as a reference for m;, y, =040 m and y, =0

K, +U, +U, +W,

oner =K, +U,, +U, 50 0+U, +0+0=K,+0+0o0r U, =K,
mgy, = % myv” and v = 4/2gy, = v,, (before the collision)

(2) determine the speed of m, and m, just after the inelastic collision using Conservation of Momentum

v,, =0 and Vi =Yy, =V

Py Py = Piy+ Dy SO MGV + 1LY, =V, MY, = (m1 +m2)vf

m
3.0 kg 2(9.8 ) 040 m
Ly Yy, my 28y, =( )\/ s ( ) “l191 2
f m, +m, m; +m, 30kg+1.4 kg -

8.) m, =0.010kg, v, = 2000 E, m,=40kg, vy, =-42 E,and Vs, =0
S S

using Conservation of Momentum

MV, + MV, =1V,

Py Py = Pij+ Dy SO MUYy + 1LYV, = IV, + 1V, and Vi =

m
(0.010 kg)(2000 m)+ (40 kg)(—4.2 m)— 0
s s m
v, = =320 —
4 0.010 kg $
2
1 , 1 m
K, = 5 mviy = 5(0'010 kg)(320 ?) =[5121J
9) m =30kg, v, =10 =, 6, =0, v, =80 =, 6, =35, m,=60kg, v, =0
s : s
using Conservation of Momentum in the x-direction
Dyt Py = Pry ¥ Doy SO MYV, +1Vy, SV IV,
My V) =V m,v, cosB, +m,v, cosl, — mlvlfcoself
Vv = = .
" m, n,
(3.0 kg)(lO m)cosO +0-(30 kg)(S.O m)cos35°
> > 1712 2

v =
2 6.0 kg s
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9.) (continued)

using Conservation of Momentum in the y-direction
y
Pry ¥ Doy = Prjy + Doy SO MUV LYy =GV, LYy

My MYy =y m,v, sinb, +m,v, sinb, — mlvlfsm61f

Vv =
i m, m,
(3.0 kg)(lO m)sinO +0-(3.0 kg)(8 0 m)sin35°
S S m
v, = =-229 —
” 6.0 kg $
m : m : m
vy, =V vE = (1.72 —) +(-2.29 —) =(2.86 —
/ A s s s
v, 220 1
12 -1 °
82f=tan V—=tan —H?=
2 172 —
S
m o m o
10.) m =30kg, my=10kg, v, =90 =, 0, =90°, m; =10kg, vy =40 =, 0, =210°,
m

m,=10kg, v, =40 —, 0, =-30°
f S f

The x-components of m; and m, cancel each other out and m, only
has a y-component. Therefore, the final total momentum has only
a y-component which means the initial momentum of m, only has a

nm, \A y-component.

using Conservation of Momentum in the y-direction
Dy, = Doyt D3y ¥ Papy SO MLV = 1yVy 0+ M3V + 11V, o

MyVy + MV IV, mzvzfsmezf + m3v3fsm63f +m4v4fsm04f

Liy

m m

(1.0 kg)(Q.O m)sin90° +(1.0 kg)(4.0 m)sin210° +(1.0 kg)(4.0 m)sin(—30°)
S S S

v, = 167 2
v 30kg S

. o . m
so the magnitude of the initial velocity of m, was v, = |1.67 —
! s
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L) m; =200kg, (x,,y,)=(2.00m, 3.00 m), m, =3.00kg., (x,,y,)=(2.00 m, -2.00 m),
my =4.00 kg, (x3,y3) = (—3.00 m, 6.00 m)

L_Smxmxempx, 4 mx, (2.00 kg)(2.00 m) +(3.00 kg)(2.00 m) +(4.00 kg)(~3.00 m) _ 0Ym
" Sm, m, +m, +m, 2.00 kg +3.00 kg +4.00 kg

(2.00 kg)(3.00 m) +(3.00 kg)(~2.00 m) +(4.00 kg)(6.00 m) > 67
= 2. m
> m, m, +m, + m, 2.00 kg +3.00 kg +4.00 kg

_ > mx, _my +myy, 3y
Yem = = =

the center-of-mass is therefore (xcm, ycm) = (—0.22 m, 2.67 m)

m=0.200kg, h, =4.00m, h,=3.80m

a.) use Conservation of Energy find the speed v, that the ball hits the ground

using the ground as a reference y, =4.00 m and y, =0

K +U, +W,,, =K,+U, s0 0+U, +0=K,+0or U, =K,

other

mgy, = %mvg and v, = 12gy, = \/2(9.8 SEZ)(4.00 m) =8.85 ?

use Conservation of Energy find the speed v, that the ball leaves the ground

using the ground as a reference y, =0 and y, =3.80 m

K;+U,+W,,, =K, +U, so K;+0+0=0+U, or K;=U,,

other

%mvg = mgy, and v, =~2gy, = \/2(9.8 592)(3.80 m) =8.63 ?

using the Impulse-Momentum theorem

J=Ap=mAv=m(v,~v,)=m(vy-v,)=(0.200 kg)(8.63 ?_ (—8_85 2)) -[35Ns]

S

b.) At=2.00x 107 s
J 35N-s
J=FAtand F=—=—="""_ _[1750 N |
At 2.00x 107 s -
o o ot kg‘m o
3) m =1500kg, 6, =270°, m, = 2000 kg, 6, =180°, p,,., = 8000 —=— /240
S

total momentum X-component

Puoat, = Pi, + P2, 8O Dy, =My, +myv, and p,,,cos0,,, =mvcosb, +m,v,cos0,

(8000 ke m)005240° = (1500 kg)v,c0s270° + (2000 kg)v,cos180° = 0— (2000 kg)v,
S

kg-m o

-{8000 —— |c0s240

v, = > —[200 2

2000 kg S
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3.) (continued)

total momentum y-component

Prowaty = Pry, T P2y SO Progar, = M Vy + 15V, and p,,,sing,,., = mvsing, + m,v,sinb,
kg ‘my . ° . o . o
8000 5in240° = (1500 kg)v,sin270° + (2000 kg)v,sin180° = —(1500 kg)v, +0
S
—(8000 kg'm)sin240°

v, = S -lac2 2

1500 kg S
y
4) A v =0.50 m/s
m, =0.020 kg, m, =0.030 kg, m. =0.050 kg

v, =150 ? 0, =180°

m
=1.50 m/ =050 —, 6, =240°
Ve O " i " s

using Conservation of Momentum in the x-direction
Pa, ¥ P +Pc, =0
MV, + MYy +MeVe = 0

m,v,cos86, +myv,cosly + meve =0

~(0.020 kg)(l 50 m)cosl80°—(0.030 kg)(O.SO m)005240°
S S

_ -m,v,cos0, —mgvycosOy _

%
o me. 0.050 kg
using Conservation of Momentum in the y-direction
Pay+ Py +Pc, =0
MYy, + MgV +MeVe = 0
muv,sind, + myvsinb, + meve =0
m) . o m) . o
_ _ -(0.020 kg)(l 50 )s1n180 -(0.030 kg)(O.SO )sm240
v = -m,v,sinf, —mgvsin0, _ s S _
K m,. 0.050 kg
b.)
ve 026 1
6, =tan" —~ = tan™ S 1=

2 075 2

~lo7s 2

~lo26 2
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5) m; =0040 kg, (x,y)=(40m,3.0m), m,=0050 kg, (x,,y,)=(-20m, -2.0 m),
my =0.020 kg, and (xcm,ycm) = (O, 0)

_ XM, X+ myX, + myX,

xcm = O
> m, m, +m, + my
~(myx, +myx,)  =((0.040 kg)(4.0 m) +(0.050 kg)(~2.00 m)) 5
= = =|—-5Um
5 m, 0.020 ke
y =Emiyi Iy ey, FYs
o 3m, m, + M, + my
~(myx, +myx,)  =((0.040 kg)(3.0 m) +(0.050 kg)(-2.00 m)) 0
= = =|-1Um
3 m, 0.020 ke
6.) m; =0030kg, (x,y)=(3.0m,40m), m,=0040 kg, (x,,y,)=(-20m, -2.0 m),

m, =0.020 kg, and (xcm,ycm) = (O, 0)

_ 2 MX, X+ myX, + myx,

xcm = O
>m,; m, +m, + m,
~(myx, +myx,)  =((0.030 kg)(3.0 m) +(0.040 kg)(-2.00 m)) o
= = =|-00m
5 m, 0.020 ke
y =Emiyi Iy ey, FYs
" Sm, m, +m, + m,
~(myx, +myx,)  =((0.030 kg)(4.0 m) +(0.040 kg)(~2.00 m)) o
= = =|—2z20m
3 m, 0.020 ke
7) m =20kg, v, =40 220, m,=30kg, 7,=50 2 £90°
S S

_ > Py 2 mivy —my, +n,V,  myv,cos, + m,v,cost,

me_Emi_ >m, my +m, my +m,

(20 kg)(4.0 m)cosO +(30 kg)(S.O m)cos90°
S S

Vo = =16 &
* 20kg+30kg S

2Py, Xmy, MV MYy gy 6ing, + m,v,sing,

o >m; >m, my +m, my +m,

(2.0 kg)(4.0 m)sinO +(3.0 kg)(S 0 m)sin90°
S S

VC)?‘I = = 3.0
4 20kg+30kg S

2 2
N s =J(1.6 o) sf0 2f e
* Y S S S

=




HO 18 Solutions
8.) m =30kg, v, =60 22270°, m,=40kg, ¥,=70 220
S S

_ 2 Py > mivy —my, +n,V,  myv,cos, +m,v,cost,

me_Emi_ >m, B my +m, my +m,

(3.0 kg)(6.0 m)005270° +(40 kg)(7.0 m)cosO
S S

Vo, = -40 2
* 30kg+40kg S
~ Dy _ Smy, My Vs mysin, +m,v,sing,
o >m, >m, m; +m, m; +m,
(30 kg)(6.0 m)sin270° +(40 kg)(7.0 m)sinO
S S m
Vem, = =-2.57 —
Y 30kg+40kg S
m g m ’ m
Vo, =AlVE 4V = (4.0 —) +(-2.57 —) =|4.75 —
* 4 S S S
9) 4 k =900 N/m
v =400 m/s m, =00050 kg, v, =400 2, m, =1.00ke, v, =0
1.00 ke < b g: vy, S B g, Vg,

after impact Ax = 0.050 m

e
e .

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
fffffffffffffffffff

a.) use Conservation of Energy to get the speed of the block

:; after the collision with the bullet (assuming that only the motion of
7 1.00 kg the block is responsible for the compression of the spring)
=
T T T T | . A P
K,=U,so —myv, =—kAx*and v, = |——=Ax |[—
2 ) g my my
900 N m
Vg, =(0.050 m m_15—
= ) 1.00 kg s

use Conservation of Momentum to get the speed at which the bullet emerges from the block

Py, * Pg; = Py, + Pg, SO MYy, + MgV =MV, +MgVp,

(0.0050 kg)(400 m) +0-(1.00 kg)(l 5 m)

MYV, + MgV =MV, S S oo ™
v = = = J—
i m, 0.0050 kg s
L. 1 5 L2 1 5
b.) AK =K, -K, =(K3f +be)_(KB,- +Kh,«)= EvaBf +5mbvbf - EvaB" +Embvbi

2 2 2
AK = %(1 00 kg)(l 5 9) ¥ %(0.0050 kg)(lOO E) )- (o ¥ %(0.0050 kg)(400 E) ) —-374]
S N S

so there are|374 J|of energy lost in the collision
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10.) m; =400kg, (x,,y,)=(2.00m, =3.00 m), m, =3.00 kg, (x,.y,)=(-2.00 m, 2.00 m),
my =6.00kg, (x;,y;)=(3.00 m, -2.00 m)

Smx, _ myx, +myx, +myxy _ (400 kg)(2.00 m) +(2.00 kg)(-2.00 m) +(6.00 kg)(3.00 m)

em = =1.83 m
>m, m, +m, + m, 4.00 kg+2.00 kg +6.00 kg

X

_Smx; _myy, +myy, +myy, (400 kg)(-3.00 m) +(2.00 kg)(2.00 m) +(6.00 kg)(~2.00 m)

Yem = =-1.67m
> m, m, +m, + m, 4.00 kg+2.00 kg +6.00 kg

the center-of-mass is therefore (xcm, ycm) = (1 83m, -1.67 m)




