Engineering Tripos Part 1A - 1996

Paper 1 - MECHANICAL ENGINEERING - ANSWERS

2.(c) 493°C, 91%  (d) 37%, 164 kg/s

I
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3@ n<l-qp ®) T, Q
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4. 1010 K, 288 m/s, 56.0 J/K

Section B
5. b) \/gHi
3@ (—\/5 sin 84 + 25 — v/2 cos 0_&)

6. a) 91 mm/s to the right
0.1625 rad/s anticlockwise
0.65 rad/s clockwise

46 mm/s
b) i) 1.46 Nm
ii) 3.42 Nm
7. a) 6+4¢
b)  —Re+Rp(6+4)e
~R$(6+4) erR (98 + 4 - ) e,
c) AmR? § ¢
8. a)i) 150 cos o mm/s
ii) 300 + 150 sin « mm/s
b) 13.19 rad/s
Section C
9.a) 125 2495s
b) 38.9s
9 374V 515
10. 1308 kN/m
375.8 Ns/m
98.1 m/s?
75.7 m/s?

11. b) 0.521 \/k/J : 6, = 2.186 6,
1.1084/k/J : 8, = —0.686 6§,
c) VE/J, Tk
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Part IA Engineering Tripos 1996

Paper 2 Section A - STRUCTURES

Answers
V3 = 1.73
4.30 and 0.697
DG DC GF GC CF
W2 W -W W WV

-2WL/AE  WL/AE -WL/AE  WL/AE -2WL/AE
(3+2YZ)WL/AE down, WL/AE to the left
L/50
—qoLz/l6
-q OLQ'/48
~qeL>/160
M= Wa-Wx+W[x-a]

v=-Wax®+ Wx3- W [x-a]®
2ET  6EI 6EI

V(L)=—Waﬁz+ WL3— W [L--a]3 = ‘E§E(3L_a)

05 173 MPa 10738x10 mm™® 96 MPa 13.6 kN

2EI 6EI 6ET 6ET

CB
2W
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ENGINEERING TRIPOS PART IA 1996

PAPER 2, SECTION B (MATERIALS) : NUMERICAL SOLUTIONS

10.

(QE) =SO=..2A+n(n+1)B
dr r=rg r03 r()(n+2)
p=23A

ool In (1 +€en)]®
(1+e€n)

Annealed 70/30 brass (70% copper and 30% zinc)
F<31kN

Op =

N¢ ~ 105 cycles

n ~ 5, power law creep
Q = 188872 J mol -!
A =1.07 x 10-35 Pa-5 s-1

Time = 752 hours

W2 = Kjt (n=2and K1 = 0.0266)
AW =4 mg cm2

Nickel, tin, cadmium.



Part IA, 1996

Electrical Paper

Answers

Q1 R=9MQ;Z;, = {58005 7 _ 3g7) 7850
Q2 Ry=80kQ, R, =10k ; GAIN = - 444, Ry — 444k Cy — 195
Q8 B =1MQ; Riu= Ri = 10kQ ; C, =31.8pF ; GAIN — 397 4 B

Q.4 6.34A, PF = (.92 log ; 276W, 1464 Vars, 60.3 W (cable) ;
844 n F, 2.13 W, 0.67 Vars

5. Y = ACD + ABC

To produce a hazard-free solution the additional term BCD may be
ORed in to the expression.

6. The unused states are 000, 011, 100, 110
JC = 1
7 (b) 5119 = 00110011, Ke = @QM + QM
12679 = 01111110,
-126145 = 10000010,

9819 = 01100010,

{c} With outputs Q and Q':

8. At the end of the code segment, $40 contains the total number of 1
bits set in the ten data values, i.e. 04+1+14+2+41+2+243+142=15.

QO W=3QV ; F=ldoy 14, g9 100

€od

Q10 C =2re,/ (Ltn (=) + Lon (J:-éz)) ;4.6 X 1071°Fm 1 - 55 % 1041~



Numerical Answers to 1996 Part 1A, ""Mathematical Methods''

Question 1
equation 1: r= (1 12 +M1-2 2) +u@-2 1) plus various other combinations
equation 2: =s ie. (1 12) eQ2 5 4)=15 (or 2x+5y+4z=15)

re
. l
. +_..__
unit normal: + r—(2 5 4)

. PO - I . .15
angle: 90 - cos Nl point: 1/3(2 5 4).  distance: N/
Question 2.

(i) z=tisinh ©
(ii) limit = -2i

(i) series = 51+ 25 +.x7 + Of x|

Question 3.
]fx/i -1 11[

Afollowed by B: 5| 0 2 V2| detBA=1  (BA)' = (BA).
V2 1 1]

x=4\2, y=22-2, z=-242-2

|f\/5 0 —-\/57[
B followedby A: 3| 0 +2 -1 |
1 V2 1
Question 4.
General Solution: y = e*(Asinx + Bcosx) +e *(sinx +cosx).
Whenx=m, y=—€ .
Question 5.
Let m=n+1/2 (nodd) and m=n/2 (neven).
Then a :% L gm (odd terms ).
and a_ % 12 4™ (even terms ).
Question 6.
eigenvectors of A™' same as for A; eigenvalues of Al are 1/a, 1/b, 1/c respectively
fa+c ac ] Fz _1 4]
2 2 15 30
A=|&C &2 0|, ifa=3b=2c=1,AT"=|-3 % 0]
Lo 0 5 Lo 0 4.



7. (a) Step response: y(t) =1 —e™/* for t > 0.
(b) g(t) = Lt

(4) y(t) = ==

Tends to impulse response as § — 0.

o0

8. f(t) = sinh(1) + 2sinh(1) >

n=1

m COS(?’L?Tt)

1 1
9. z(t) = %sin2t+cos2t———Q—h(t~3)+-2—cos(2(t~—3))h(t-——3) for t > 0.
10. a=—1, = -2.
flz,y) ! t (sc) “ 4 y+ constant
z,y) = —=arctan | —= | — —+y .
SV vV2) oy

Steepest ascent direction: (—1,3) —=.
T V10



