
ME 274: Basic Mechanics II
Lecture 11: Moving Reference Frame Kinematics 



Previously: Rigid body kinematics Today: Moving reference frame kinematics

𝐵
𝐵

• Points 𝐴 and 𝐵 are on the same 
body

• 𝑟 = |𝑟஻/஺|=CONSTANT  and 𝑟̇ = 0

𝐴 𝐴𝑣஺
𝑣஺

• Points 𝐴 and 𝐵 are NOT on the 
same body

• 𝑟 = |𝑟஻/஺| ≠ CONSTANT  and 𝑟̇ ≠ 0

Velocity and acceleration of point B with 
respect to point A: How do we relate the motion of 

the two bodies?

V 3 / A



Moving Reference Frames

• Stationary axis → 𝑋𝑌𝑍 axis →  𝐼መ, 𝐽መ, 𝐾෡ unit vectors
• Moving reference frame (translating and rotating) → 𝑥𝑦𝑧 axis → 𝚤̂, 𝚥,̂ 𝑘෠ unit 

vectors
• The observer at point A describes the position of point B as:

• NOTE: the vectors 𝚤̂, ȷ̂ rotate with the observer – their orientations change with 
time!

e x t e r n a l
o b s e r v e r

•  β

I

1  +  B A TT R A J



Animation: Views from different reference frames

External Observer Observer on OA Observer on AP

Question: Which observer do you think would be most useful in 
calculating the velocity and acceleration of point P?

→  t o o  c o m p l e x →  n o  m o t i o n→  s i m p l i f i e d



Angular Velocity of the Rotating Reference Frame

𝜃

𝜔

• 𝜃 is angle between the 𝑥 and 𝑋 axis and the 
𝑦 and 𝑌 axis.

• The angular speed of the observer is given by 
the time rate of change of the angle 𝜃

• 𝚤̂, 𝚥̂ unit vectors are a constant length, but change direction → time derivatives ≠ 𝟎
Writing 𝚤̂ and 𝚥̂ in terms of their components in the 𝐼መ and 𝐽መ direction:

• Using the right-hand rule we know 𝚤̂ = −𝑘෠ × 𝚥̂ ,    𝚥̂ = 𝑘෠ × 𝚤̂

d f .    =  O k
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]  =  - s i n  Q I - C O S E T

d ia t  =  -  ⑦  s i n  ⊖  I  →  ' c o s  o f  =

I f _  - c o s  Q I - s i n o s  = - f i
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a t  .
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Velocity Equation – 2D
The position of point 𝐵 written with respect to point 𝐴: 

The vector 𝑟஻/஺ written in terms of the observer’s 𝑥𝑦 coordinates:

Differentiating with respect to time (remember 𝚤,̂ 𝚥̂ vary with time):

>  f i x e d  r e f .  f r a m e

x j

←  d i s t r i b u t e

( B / A )  r e , - i t - j j  ≠  V I A

z

⅓

( B / A )  r e '  n  j

V i s a - I I



Acceleration Equation – 2D
Starting with our equation for the velocity of point 𝐵:

And differentiating with respect to time: p r o d u c t  r u l e

←  p r e v i o u s

.

p r o d u c t r u l e

s l i d e

Ñ x ( x i t j J )d i s t r i b u t i v ep r o p i



What do each of these terms represent?

W a

B A B

i

1

W o  A

T B I  - ( B r a )  r e l

A B  ✗  Δ  +  A p j

-  ( B I A )  r e l

B  1 A B

i
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Starting with the equations we derived earlier:

( V B A )  r e l - T B - V A  -   ✗  P

( V B A )  r e ,  =  J B / A  +  T O  X P

B / A

0

B / A
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ME 274: Basic Mechanics II
Lecture 12: Moving Reference Frame Kinematics 



Exam 1 info:

• Exam 1, Thurs. 2/12, 8 – 9:30, MA 175

• Students with exam accommodations: HIKS G980D, 
6:30PM – reminder to email Dr. Krousgrill

• Exam review session Tuesday 2/10, 7pm over Zoom (link 
on course website on “Exams” page)

Homework and class updates:

• No class Friday, 2/13 to account for evening exam

• HW released today (2.C, 2.D) due Friday 2/13

• HW released on Wednesday (2.E, 2.F) due Monday 2/16

• Reminder to use correct HW formatting!

• Office hrs: T 9-10:30, W 3:30-4:20, Th 3-4:30

Announcements



Moving Reference Frames – Overview

• Stationary axis → 𝑋𝑌𝑍 axis → point 𝐵 as seen by 
an outside observer

• Moving reference frame → 𝑥𝑦𝑧 axis →point 𝐵 as 
seen from an observer at point 𝐴

• The angular speed of the observer is given by the 
time rate of change of the angle 𝜃 between the 
fixed and moving reference frame →𝜔 = 𝜃̇𝑘෠

Relating velocity and acceleration of pts. 𝐵 and 𝐴 : 

Where 𝑣⃗஻/஺ ௥௘௟
, 𝑎⃗஻/஺ ௥௘௟

are the velocity and acceleration of 

point 𝐵 as observed from 𝐴.

Remember pt 𝐴 must be on the same reference frame as the 
observer!

Kw/
r

DA

:

⑤ BA)rel - it-Jj

(TB/a) re,=iitjj



The Coriolis Component of Acceleration

• The Coriolis component arises when a point has a nonzero velocity relative to a 
rotating reference frame.

• Although the point may be moving in a straight line with constant velocity in an inertial 
frame, the rotating observer sees the direction of that relative velocity continuously 
change as the reference axes rotate.

Ex 2: Weather SystemsEx 1: Merry-go-round

Motion of 𝑃 seen by 
stationary observer 

Motion of 𝑃 seen by 
moving observer 
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♂
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(apo) rel

(a- pro) rel - Gp"-E. -  ✗ F. - 2  ✗ (Vpro) rel-whip.
o - o - o + 21k + (Vpro) rel -Mdi

Vp - Va + (iprotrel - to xp

(Valve, = Trt-  xr.ro

71



=-VPI + rk × (di)

(Vpro) res =-Vpi-adj

(Apro) re, = 21k. × (-Vpi + adj)-side

= -2RVpj -2nd [ -Adi

= - 3rd E- 22 Vp)



Example 3.A.5

^

T

J1) link OA

Va-It  ✗ raro

= Work × (di + Lj)

= Words - Woah. I

2) A relative to C

VA-✓ (A/c) rel - are

[j + Wick-↳

d= 8002-L2

set =



= Ij - watt

[J-WBC I = Woadj -WOALE

here, J -J I - I

Split into components

L: -Wach =-Woah → Wbc = Won

: L = Word



Example 3.A.7

velocity of ptp.

Vp =?-° We rprc

=-Wd E. ✗ (Rer) J

=(R-r) Wd I

relate P to B
o

Tp = &" (pre) ret + :b Tris

= X'at + Weak × ✗ at

= AT + WBAYA]

• c



set equs -

(Rtr) Wa I = '✗ WBoxa] *

write i, j in terms of I-J

[= COS ⊖ I + SINGS

J =-sino I + Cos 05

Sub in to * & split up components

I: (R + r) wa = X cos ⊖-Was ✗ + sin ⊖

J: o - is in ⊖ + WBD ✗ ACOS⊖

solve for x & WBD

r

✗ A

sin ⊖- Ea → find ⊖

cos ⊖=



acceleration of pt p

- ap - at

= -

+ + IXTpra-W? rera

Ws ✓ ∃

-J÷
= const

at = 0

relate acceleration of P&B

Ep- GB "Appre,"85 TIB-2 " (Vpn)re-when

= O + A I + ask ✗ ✗ at + 2W,ok ✗ XI - what

= AL + ✗ BD ✗ a)-2W BDX
- g

- WBAXA'
get Tp -Ap

J = Sinti + cosoj

- Wpr (sin ⊖ i + costs) = + E- α, X, J + 2W BY

i
J

I

n -What



Break into components

[: -w} rsino = A-WBYa

j: -wir cos ⊖-✗ BY a + 2WBD"

Solve for ✗ Bd, A



ME 274: Basic Mechanics II
Lecture 13: Moving Reference Frame Kinematics -3D



Exam 1 info:

• Exam 1, Thurs. 2/12, 8 – 9:30, MA 175

• Arrive 15 minutes early so we can start on time

• You will have time after the exam to scan and submit.

Homework and class updates:

• No class Friday, 2/13 to account for evening exam

• HW released Monday (2.C, 2.D) due Friday 2/13

• HW released on Wednesday (2.E, 2.F) due Monday 2/16

• Reminder to use correct HW formatting!

• Office hrs change: Th 12-1:30

Announcements



How do our expressions for velocity and acceleration change when our system is 
moving in 3 dimensions?

𝜃

𝜔

• Angular velocity measured around a single axis (usually 𝑘෠)

𝜔 = 𝜃̇𝑘෠

• Unit vectors 𝚤̂, 𝚥̂ change with time
𝑑𝚤̂

𝑑𝑡
= 𝜔 × 𝚤̂,

𝑑𝚥̂

𝑑𝑡
= 𝜔 × 𝚥̂

• Velocity:

• Acceleration:

Fixed #I I
moving xyz

0 IF

l

Ñ

⟂

(VB/A) rel = to-jj

(a,/A) rel = I + jj



• Angular velocity around a moving axis
• Multiple components each representing a different axis of rotation, 𝜔ଵ, 𝜔ଶ, 𝜔ଷ, …
• The total angular velocity of the observer is found by vector addition of all the 

components:
𝜔 = 𝜔ଵ +  𝜔ଶ + 𝜔ଷ + ⋯

• Unit vectors 𝚤̂, 𝚥̂, 𝑘෠ change with time

𝑑𝚤̂

𝑑𝑡
= 𝜔 × 𝚤̂,

𝑑𝚥̂

𝑑𝑡
= 𝜔 × 𝚥̂,

𝑑𝑘෠

𝑑𝑡
= 𝜔 × 𝑘෠

→ not aligned with i, j, k

some rotations about fixed Axis → WEI, WI, WI
some about movind Axis → W, K, Wat, W3J



In the fixed reference frame, the position of 
pt. 𝐵 is related to the position of pt. 𝐴 using 
the relative position vector:

𝑟஻ = 𝑟஺ + 𝑟஻/஺

In the moving reference frame, 𝑟஻/஺ can be 
described using 𝑥𝑦𝑧 coordinates: 

𝑟஻/஺ = 𝑥𝚤̂ + 𝑦𝚥̂ + 𝑧𝑘෠

To find 𝑣⃗஻, differentiate 𝑟஻ with respect to time:

→

(B/A) rel =
← same as 2D!

W, I - Wajt.-

- w, + Wz-Wz. _.
* OR

✗ it jj-zk

VB



Acceleration of point 𝐵 is found by taking the time derivative of the velocity equation

𝑎⃗஻/஺ ௥௘௟
= 𝑥̈𝚤̂ + 𝑦̈𝚥̂ + 𝑧̈𝑘෠   → the acceleration of B as seen by the moving observer

𝛼⃗ =
ௗఠ

ௗ௧
→ angular acceleration of the observer

as ← same as 2D

¥

2D → -Wr ≠ 3D

→ change is how

A, W defined



Considerations for determining angular acceleration of the rotating 
reference frame:

By definition, 𝜶 =
𝒅𝝎

𝒅𝒕

In 2D problems, the moving reference frame rotates about a fixed axis (generally 𝐾෠ ).

The time derivative of the unit vector therefore is:

If the angular velocity of the moving reference frame is given by 𝜔 = Ω𝐾෠ angular acceleration is 
found as: 

In 3D problems, the moving reference frame rotates about both fixed and moving axes for 
example:

dk
at ⇔

-II-skin"at > E - IR
always for 2D

.
I. = dw

dt
do- at = in, I_WET wet + waff *

dJat → fixed-0 1¥.  ✗ I

> I J = j
ñ

I



xi = (w, J -write = W. (Jai) + Walter)°

= W, (j x E) =-W, R *

I = W, j + W, E - new, k

Challenge: in 2D if : const, I-O

true in 3D?

No! → in ex. if i,,w2-0 ✗ = -W, W, R



Remember on rigid bodies |𝑟஻/஺|=𝑐𝑜𝑛𝑠𝑡. →

We can reduce our moving reference frame expressions for velocity and acceleration:

(B/A) rel = (TBA) ret = 0

VB - VI-  xpB/A

o o
EB = Eat at riga"  "  WBA

eghs. same as 2D → change in how , 

- .-we... =a
at



I

^ I →

 - w, É-we J

→ EI j-J ER

= IT = in 1k + w, ff.tw

: W, (W XK)

= W (W, K + W2J) ✗ R

^ 2%-We#t

①

k xñ-o

J-j~ =-W, Wat

, I + Wz



Ep
-
α → I

j't

J↑

→ I

a) -RJ+ K
=rj+⊖

b)  = inJ-RAJ
It

• . N

K- of

=  ( ×R)
=  [(RJ + ok)xk] ORJ×É- inI



Ep
-
α → I

j'

J↑

→ I

Vre, t
Gp- Ect (Apra) rel + EXE-2  ✗ (Vp/c) re, +  ✗ (W-Fp,)

Rigid body OC:
- oaf. + Wow coxtro)

RJ + (rjeri) -RJ"-Ark

E. -a o

→

+ A

= - renI



Ep = - In It ORIXLE + [(RJ + &) ✗ Vreid
+ (RJ- B) ✗ [(rst i R) XLI]

convert to consistent vector system

^ I-COSOI + sin

R-E

=

ñ

⊖

Ap: - Nfr + ⑦ RI ✗ ↳ (cos ⊖I+sin⊖j)

+ 2 (Rj- E) × Vrel (cos ⊖ I

✗ (15+0-1

"+ sin ⊖ J)

)YLCOS⊖I + LSIn⊖J)+ (RJ + 0k.

=-hr I + ErLSin⊖E - 2RVrel COSO É-20 Vre, cos ♂

- 2 sino I - (RJ+ ⊕ E) ✗ G- RLCOSOE- Leo]-Olsino I)



Rr I + ORLSING É - 21 Vre, COSO E- + 20 Vre, COS

- 20 Vreisino I - ALCOSGIER LSM⊖É- ECOSQI

- LSinos



ME 274: Basic Mechanics II
Lecture 14: Moving Reference Frame Kinematics -3D



• HW 2.E, 2.F due tonight

• Reminder to use correct HW formatting!

• Office hours ME 2008A: T 9:30-11, W 3:30-4:20, Th 12-
1:30

Announcements



• 2D rotation about fixed axis (𝑘෠)  → 3D rotating around a 
moving axis

• Multiple components each representing a different axis 
of rotation, 𝜔ଵ, 𝜔ଶ, 𝜔ଷ, …

• The total angular velocity of the observer is found by 
vector addition of all the components:

𝜔 = 𝜔ଵ +  𝜔ଶ + 𝜔ଷ + ⋯

• Rotation can be about either a fixed or moving axis.

• Unit vectors 𝚤,̂ 𝚥,̂ 𝑘෠ change with time:

• Same velocity and acceleration equations as 2D!

𝑑𝚤̂

𝑑𝑡
= 𝜔 × 𝚤̂,

𝑑𝚥̂

𝑑𝑡
= 𝜔 × 𝚥,̂

𝑑𝑘෠

𝑑𝑡
= 𝜔 × 𝑘෠

So what is different between 2D and 3D problems?

→  n o t  a l i g n e d  w /  j k

→  c a n  i n c l u d e  f i x e d  o n
m o v i n g  a x e s

c a n  h a v e  3 "
V e c t o r s

h o w  ✗  &  W  a r e  d e f i n e d !
w # O k ,  α # R

W - c o n s t a n t

→  2 + 0



t o t a l  a n g u l a r  v e l o c i t y
o f  r o t a t i n g  r e f e r e n c e

a n g u l a r  a c c e l .  o f  r o t a t i n g  r e f .  C R  =  1 ¥

v e l o c i t y  o f  B  a s  o b s e r v e d  f r o m  A

a c c e l .  o f  B  a s  o b s e r v e d  f r o m  A .

m u s t  b e  o n  t h e  b o d y  t h a t  r o t .  r e f .  f r a m e  a t t a c h e d

A B A  →  r e l .  a c c e l e r a t i o n  a s  s e e n  f r o m  t h e  f i x e d  r e t  f r a m e

( A B / A )  r e l  →  r e l .  a c c e l e r a t i o n a s  s e e n  f r o m  m o v i n g  r e f e r e n c e



:  - r s  - O R

E  -  d  j - n F .  R  +  k

= I  =  ①  ( × k )
=  [ ( A J .  I ) × k )

=  '  ( - r j × R )
j = - c o s t e - s i n g

E -  - E R C - c o s t  i  +  s i n g )  +  K ]

-  - o r  ( c o s t  j  +  S i n o )

>  I

J

↘  [

j

^
k

E .

I t  =  - i -
0



O

a )   =  W , J +  W ,  I

=  w ,  J  +  W e t

b )  -  -  w ,  t - w i t - i e  +  w e i

E  =   ✗  I  =  ( w ,  I  +  w ,  E )  ✗  I

=  - W ,  K

 =  -  W ,  W ,  R

J - j



↳  I
I

J

. - w ,  I - w i k

I  =  - W ,  I - W ,  +  W I  W a k  a ' p - 5 -  l a i r d r e s - - T p o - Z o e y ,

+  ☑  ←  (  ✗  ✓  p r o )
£ - w e  ( w e r )

=  W z [ ( - W ,  I  +  W a r )  ✗  R ]

=  +  W , W z

r e l

A o -  A
→  →  →

A  +  ✗  o n  ✗  F r a  " W o a  ,  ✗  V O I

-  w e  ✗  t w i - d  E )  = - w i d e

a s  =  - w i d  E .  +  w . w s ?  ✗  R j

+  ( w ,  i t  w ,  K )  ✗  [ E W ,  i - w a k )  t r y ]



-  -  w , ² d k  +  ( - w ,  I  +  W a k ) ,  L w ,  R K - W e r i )

ñ p =  - w i d k - w i r j - w . P T



-  w ,  J - O R
→  I

>  ≈
§

E  i s

W ,  J  +  I s

' X  =  W ,  J  +  w ,  j  +  R -  O R

=   (  ✗  R ) - ⑦  [ ( W .  J  +  E )  ✗  I ]

=  ⑦  w ,  ( J - R )

=  O w ,  I

V p  =  V o  +  ( ✓  p r o d  r e l  +  W e  V p r o

O -  O  -  ( w , J  +  o k ) x  h e  = L  ( w i s t f e e l

= - L W ,  C O S O  E  +  L O C O S O J - L O S I N G  I

→  →  →  →

L  =  C O S É s i n  ⊖  J

C O S ⊖ I + S I n ⊖ J )



T p =  d
→

◦  +  ( A f r o )  r e ,  +  ✗  x r p . r o +  2 5 W  ✗  ☑  p r o )  r e l  +  Ñ × ( Ñ x T p r o )

-  ( W ,  J  +  É É J  ✗  [ ( W , 5 + E )  ✗  L I ]' W ,  I  ✗  L t

⑦  W ,  I  ✗  H C O S O I - s i n - 0 5 )  +  ( W ,  J ,  E )  [ ( w , # E )  ✗  L C O S O I S I N E ) ]

' w ,  ↳  S I N G E  +  ( W ,  J - E )  ( w ,  L C O S O É + O L C O S ⊖ J - L S i n Q I

=  ⑦  W ,  L S I n ⊖ É  -  W ;  L C O S O I +  O w ,  L S  i n  ⊖  E -  -  L C O S O ⟂

=

0 4 5 1 4 0 J



.  w , # w i t h

w ,  j  +  W e e k

✗  =  W ,  J  +  w  j -  i

=  W , / x R )

=  w .  I w , j  +  W a k )  ✗  I  =  W .  W ,  I

V p / a )  r e ,  +   ✗  % / A

=  - W i l k  +  ( w ,  j  +  w ,  K ) - R j

=  - W  L R  - w e  R E

E - R

l Z

k  +  W e k^

v e l o c i t y :
V p  =  V a t

r i g i d  b o d y  e q n  f o r  V A
V A -  N o t  W o f f a r o

=  W , J X L I = - W I L E
É = R

l



a c c e l :  s
A p  -  A A  +  ( a

r i g i d  b o d y  f o r  A A

A A  -  d o -  α

p r o ) r e ,  +  I x  T r a  -  2 5 -  ( T r a d e ,  +  W # ×  r p r a )

w i t  f

O A  ✗  V A N  +  W A X W A O '  T A O -  W ,  _ L E

Ñ p S -  W . L I  +  W ,  W ,  i  ✗  R j  -  ( w . p t  w e k ) x E w ,  j a w ,  K J X R y ]

-  W P L C  +  W ,  W ,  R R  +  W ,  W e r k  -  W I R  j



ME 274: Basic Mechanics II
Lecture 15: Moving Reference Frame Kinematics -3D



3D Moving Reference Frame Kinematics – Changing observers

Regardless of where you place your observer/ moving reference frame you should arrive at the same 
final expression for velocity and acceleration.

Problem: A person attached to a moving body is observing the motion of point A

To:O, Tao- Li

Ta- o - o - (25- E) × (LE)

- (RJ + E.) ✗ L(COS⊖I+Sin⊖J)

E- E,

taro- ↳ (coso I + sin 5)

Observer

%

V =-RLCOSOI ' LCOSOI LSin⊖I



at: ② (  + K), × (LC) → (rs. E) ✗

⑤ -R) → (rjto.EJ-E.n.LI

= ORI, LC'cos⊖I + sino 5) + (RJ E.) + [GJ+ E) ✗ L(COS#SMOJI

→ RLsino E- + (RJ + ÉTÉ) x (ALCOSO E. - 'Logos-OLS in QI?

= Or Ls: n GE -RELCOSOI + ELSINORE-ELCOSO I

- } LSINO J

AA = (r²LCos⊖-  [cos ⊖) I -  'Lsm ⊖] + 2 RLS in ⊖#

(S5-Ek) x (LI)]



3D Moving Reference Frame Kinematics – Changing observers

Regardless of where you place your observer/ moving reference frame you should arrive at the same 
final expression for velocity and acceleration.

Problem: A person attached to a moving body is observing the motion of point A

raro = LCOS⊖I + s;n⊖∃)

observer

7

J
#-8. LET- 25 ✗ LOSE + sin 05)

- L j -ALCOSO E- j =-sin ⊖ I-COSES

V =L sin ⊖I-LOCOS-0J-ALCOSO ¥.

I

⟂̂

^

V =-RLCOSOI ' LCOSOI LSin⊖I matches
other case



a- A- O - LG-C - O + 215 " (L j) + RJ ( "+ (Coso + Lines]

=-L  (coso I + sino 5) + 21J-[LOL-SINOI + COSET)]

+ RIEST ✗ (COSOI-LSI#D)

=-LÉÉos⊖I-Losine I $2S sino-É + rj × (-RLCOSOI )

=L  'cos I- LO's no 5 FLIES, n⊖E-R-L COSOI

AA = (L 2050-R²LCOS⊖) I - L 3in-0J + ZLR sing.

AA = (22L cos ⊖-  [cos ⊖ II- -Lsm ⊖ J-ZÉRLSINQÉ



eI j k → attached to disk

É' I → attached to OB

IT:#→ fixed

rotation of E"É

Wo, = W. J-W, I

→
✗ o,-in É + W, J-W, "-Wil

= - W, (Wo, ✗ E)

L

≈

OB

rotation of Ej K

WAB = W2J-W, E-w3k

AAB: v25 + wit-wit-wit-is K-WI

= w, (  × E) + Ws (WI + E)
OB

= W, FwJ-W, E) + I] + W, [(wijiw.in w, k)-k]



I → Î

J
arm OB

-I

 = W, J-W, I

= W2J- W. I
I- W, 5 + Waj-W, E-W, E

= -w, (  × E) = -W, [(we]-W, D) + I]

- W, W, E.

a) velocity of A

VA -VB" (Va/B) rel" W "FAB

rigid Body for ↳ →

at the s instant
I-I

^

B = Vo- w-53/0-
= wzj x b = -Web E?



¥_ -web E. + Grw, i) + (W-J -W, E) erj

= - web#-rw, I -W, PÉ

- rws I + (-wpr- web) E.

b) acceleration of A

EA = Gp + (EA/B) re, + £ ✗ FB +20 × (Paris) re, tu ✗ (  ✗ I,)

rigid body for → a,

a, = a.. ☒ .-T.ro. We'

⑦ - ② + w-J x (wzJebi¥: -WIDI

at = -wib I -wir j + w, we E- + rj + 2(was-w. i) + Erw, e)

+ (w, J-w, ↑) × [(W-J-W, b) × rj]

☑ Box TB/o



= -wibI - wiry -w, were + 2w.ws-I

+ (Wet-W, I) + E- wire.]

= -Wi bI - wir J-w. were + 2wzw, RE-www.rI-wirj

a.- l-Wib -2W. war) I + (-w} r-wir)J + 2wzwr In


