Assignment 4(part 1) solutions

Question 1

KCL @ V,: (6-V,)/150 - V,/600 + 002 = 0

- V, =72V

FPow =61, = 6[(6-V)/150] = -48 mW (supplied!)

Pyos = 0.02V, = 0.02(V,+2) = 184 mW (supplied!)

Question 2

Negligible open-circuit losses mean that the batlery can be
accurately modeled by an independent voltage source (ideal
emf source) of value V., connected in series with a single
internal resistance Ry,;. Therefore, the object is to find the
vilues of V- and Ry, based on current measurements.

The exact short-circuit current of the batlery, say lg-, may
be measured by connecling the ideal ammeler across (he
terminals of the battery, which provides: Voo = L Ryr.

The exact 10k0 load current for the battery, say I, , can be
measured by connecting the batlery, resistor and ammeler
into a single series loop. This setup provides the relation:
Voe = 110,000 + Ryyr ).

Combining these two Ve relations yields the expression:
Iee Rypor = 1L.(10,000 + Ryyq ), from which it is evident that
the “measured” value of Ry = 10,000 1, /(I -1, ).

Finally, substituting this result for Ry in either of the two
Ve relations provided above yields an expression for the
exact value of Ve, e.g., Voo =10,000 I I/ (T =1,



Question 3

(@) I = 0.01Vy; Vs = -300 (0.01V,) - V, ==%Ve ;

= Vg ==H00 |, = V]l = Ohmic device.

(©) Poupies = Ig (-V5) = (0.01V)(4 Vo) = 0.0 i
KCL: (V,- 5)/100 + V,/200 - 0.01V, = 0 ;
= Vy=1lov; = Paupplis = 4w

Question 4
\/I 50mA -jﬁmﬂ 12V
— v s == j

) KVl V, =12 - 005x240 = 0;
=P, =005V, = OW
KCL: T, = 0.05 + 12/600 = F0wmA
- Py =121, = B4O mW

(h)y  Maodel: ideal ammeter in series with 300.

Connection: meter in series with 600€Q.
- iy = 12/(600+30) = 19 mA

(¢) KVL = P, = 0W; (same as before)
KCL: I, = 0.05 + 0.019 = 69 mA
- Py =121, = 818 mW



Question 5

(@) iy = Ip = Vg /4000 ; Vi = -200 Iy, ;
Lo = lapp = 127600 = 20mA. = iy= — 1 mA

(b) Py = 600 (Ig)* + 200 (I0)* + (Vg)*/R ;
Py = 032+16/R ; Py =121 = 0.2 W
= Solve P,y = 0.5P,,, for R
024 = 0.16 + 8/R = R= 100 L1



Question 6

ARoBLem ANALYSIS / SocuTroAl

(Extra space for solution to #5) 9

: Veog (£>0) = EZTL Voc (£>0) ASSUMES
CiRery MOpEL ¢ (BATTERY + BULB) i % )
= Vbe =iz2V —> Vegug = 10V (FEV
"\’sa*r:"":l{—’ !/Io (CIRC(HT V" oy vw.g_ e

CONNECT 10N < — Voug = * z
Vog Reng = 2,002 OIVLy) Vee =6V —> Vaug = SV (<év L{')
=7 BULR FALS wHeN Voe SWITCHES FRom

9V DowN TO 6V.
= SY4 kT ReEMAN IN BATTERY AT TiME OF

NB, BATTERY MODEL SHUMT RESISTOR (S NOT USED
%s

2

(%10) BULR FAILURE (pS Per Vb Pror).

BeECAUSE O BATTERY LoSSES ARE NEGLIGIBLE

1. owmic BuLE RATED AT 72W FR [2V (d.c).
TIME TU DISSIPATE 44 -S4 = 90,7 :

= = VEP_ e
= Esmg =5 ':.“_‘12 = Z20(L , %O
14
2. Igng (0+) =5A = Rgar. Flest 22T AT 12V = z—l‘fféow => 20 MNS
+
NEXT 18RT AT 9V = - =3375W = & mNs
24 53 sec

Vape = (5)(2) = loV;
f -y
(%o) = TOTRL Ti/ME TO FAILURE = 28 mins 53 Sec

=> Va?er: Voe ~Vayg = 12-10 =2V;
C(m— Time O+)
Viear (0+) TOTAL ENERGY DISSIPATED BY BULE:
= FH}JT’ = —mr = _2'_ = G.‘-;h{?_ﬂ" ‘%o
Ly By Power brision BemseeN Kear AND Kpug, T

Tgar (04)
Feacrion oF 90kT DIsSIPATED BY Rpug IS

Ys
2 xkT = F5kT,
(cen’n) (Vo) 247 f

Question 7



(@) koL @ Vo @ (ASSUME LOWER MODE AS GROUMD)

I
'Z—ﬁ—f:]; =& ; V= foco I,

= Y, =2Zsov Aup L = Tmmd g
&) 12}

(b) MEASURE Vb USING Ky, = 30000 :

Wi W /
2 =300 “700 "2k O3 Vm= 1000 &

= V=240V, (Bn=260 = Vin = 43V)
(3)
MEASURE T, USING K = 2612 ¢

!
2- ;; ~3L, =0 ; V) = (000+2¢) Iy

= Ty = 246md 5 (Fn=300002 S T x 8FmA)
(33
(€) Since I NDEPEMDENT OF VALWE of 300.%, AND

Vo INDEPENDENT OF VALVE OF &0 RESISTANCE,
MEASURE Tppy AND VY, (0SNG EITHER Rpy )
THEN 2 Im = E Taw (= Actose), Avp

Va = § Vew (Vo Acudl])

Question 8
(@ kere-Va: Va4, VY _,

1000 5000 2500
=, 8V —2Vo=-20

KeL @ -Voi  Vo-Va , aVatVo , Vo _,
2500 1000 5000

= (2-5) Vg = Vo

ELIMINATE Vo vy = -16 /(6 +)

PR 00! \p>0; Yo=HVy+10 = foV;



(b B = («)I

FoR Vg=0: T= —(Is+1Lo)
= “(wgo *‘52)00) = —6mA ;

B_y _KV_L'_: D(\(q = -Vo + 70001 = "161/)
(VA—>O) '
= % ( 16)(‘0-006) +96mW’//

r 2 I.

@ Bo= Mo, - wheRe Va= “To/(6+a)
fo, = 200uwW = Y =2W... (K =5k2)

?CHOOSE o/ =170 DR o('-'-22//

(BOTH wiLL PROVIDE 200y w)

Question 9

(a) REDUCE CIRCUIT D (eg. SouRCE TRANS FoRMATIONS) (d) L mo= = DTS ek
A= \ M ' &
FIEIL e gsv(® .. : fxaid T ffsmﬂ:%?':_ e _lfn
A ]
825V won Vo=l = 30V, son '
e v TR a - “&'j_;,.
v - — (4 o
= gas/(azs+sn) = 6OMA Yy _ :
T I,"= 825/(37S + soof4sto +0) = 60mA
!
§r50 (a0 seck Dy
(B
e i W' = _ (ol )25)  _ 272V (0% cveo
2sv(® | ° 235 + Stoff¢sto +5U i ( :
HERE2ER A ) 5}(3?5*@45‘9 s2ImA; '
Note : T, £f¢oR pepucep From I, LeVEL (o zews })

100 ( To-T5 /1, = 3.5% eRROR 4

43&:;9’4@)(?2 s') /(875 + smoffysm) = 28V
100 (Vo -Vo )/Jl"n = §.b % erRoR s

Question 10

BECAUSE VOLTMETER LOADING EFFECT /S
EXACTLY CANCELLED BY AMMETER LOADING
grFecT. V" ERROR IncrERsED FRom V' LeveL
FeCAUSE AMMETER LOADING EFFECT ApDS
TO THAT oF VOLTMETER (10 FURTHER
DECREASE VOLTAGE DiviSioN Far SDos2).



1. REDUCE crRoIT psivG SOUWCE TRAMSFOEMATION 5 :

150

o +
10
e C Vo = S35 hsorsn) ! = W

Fod veLTmeTER !
5o
50 — SD {5500 = 47.5542

AL E
""‘%”?‘” f*fﬂ";" oo >y 248V,

Question 11

:'1,:"_,':'1!:/{2 H "'vr.u-l'-'-"*ﬂﬁ', iuniqﬂmf{ﬂ

L

= Rt B ¥ 280 4 fu + B,

‘E‘ﬂ"‘{. 5o
SowE K # frye + 2R t B =lefl, For R;

%E:%:i#ﬂﬂﬂy
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