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Qu.#1  (Total 10 marks) A warehouse has 2 loading bays at which trucks arrive, at an average rate of 0.6 trucks per hour, to deliver goods. If there are more than 2 trucks at the warehouse at any time, the 3rd, 4th and subsequent trucks must wait for loading since there are only 2 loading bays. This congestion is inefficient and to alleviate it, the warehouse manager is considering two options (a) building a 3rd loading bay at a cost of $325,000, or (b) purchasing mechanized loading equipment for $245,000 to speed up the loading of the trucks.

a. [2] What is the standard deviation of the number of trucks arriving per hour?

b. [4] At present the warehouse uses trucks that take 2 hours to load. The manager decides to build the 3rd loading bay if the probability of more than 2 trucks arriving during the 2 hour loading period is greater than 10%. Should the 3rd loading bay be built? State your reasons clearly.

c. [4] Alternatively, mechanized loading equipment would make it possible to load a truck in 1.7 hours, so that the 3rd loading bay would need to be built only if the probability of 2 trucks arriving during the 1.7 hour loading period is greater than 10%. Should the mechanized loading equipment be bought instead of building a 3rd loading bay? State your reasons clearly.

Qu.#2   (Total 10 marks) A mining company explores a site for copper and zinc using exploratory drilling to obtain samples. The probability that a sample contains copper is 0.6 and the probability that a sample contains zinc is 0.5. The probability that a sample contains both zinc and copper is 0.4. 

a) [1] What is the probability that a sample containing zinc also contains copper?

b) [2] Is the presence of copper and zinc in samples (i) mutually exclusive (ii) independent? State your reasons clearly.

c) [2] What is the probability that 5 consecutive samples contain either copper or zinc?

d) [5] In a group of 12 samples, 7 have been found to contain copper and the other 5 do not contain copper. We randomly select 6 of these 12 for further analysis. What is the probability that more than 4 out of these 6 contain copper?

Qu.#3   (Total 10 marks) A simple binary option pricing model assumes that over a short period of time (i.e, over an hour) a stock price can either go up or down by the same amount. Assume the stock price of ABC Inc. can either increase by $0.03 with probability 0.55 or decrease by $0.03 with probability 0.45 each hour. The stock price of XYZ Inc. can either increase by $0.04 with probability 0.6 or decrease by $0.04 with probability 0.4.  Stock price movement is time-independent (i.e. past price change does not affect  future price change).  In fact, the joint distribution of ABC and XYZ stock prices movement each hour is given below:

	
	ABC up by $0.03
	ABC down by $0.03

	XYZ up by $0.04
	0.5
	0.1

	XYZ down by $0.04
	0.05
	0.35


a) [2] What is the average hourly price increase and its standard deviation for ABC stock?

b) [1] What is the correlation between ABC and XYZ hourly stock price changes?

c) [2] What is the probability that ABC stock price will be the same after 6 hours of trade?

More sophisticated models of asset pricing assume that the change is stock prices follow a normal distribution. As an example, assume that the hourly change of AAA Inc. stock price follows a normal distribution with mean $0.05 and standard deviation $0.5 while the hourly change of ZZZ Inc. stock price follows a normal distribution with mean $0.06 and standard deviation $0.7. The correlation of AAA and ZZZ stock prices is 0.8. 

d) [3] Find the average hourly increase in the value of a portfolio of 100 stock of AAA and 200 of ZZZ and its standard deviation.

e) [2] Regardless of your answer in (d), assume that the mean hourly increase of this portfolio is $20 and the standard deviation is $100 and that the portfolio follows a Gaussian or Normal distribution. Find the probability that the value your portfolio will NOT decrease over a 1-hour period. 

Qu.#4   (Total 10 marks) The use of the Internet has led to a rise in uninformed online investments.  As a result, the probability of investing in a “good” stock is only 0.20.  An online investor invests in 10 stocks, one at a time.  Find the probability that:

a. [2] At least 1 investment is good.

b. [2] No more than three investments are good.

c. [2] The seventh investment was the first good investment.

d. [4] If a novice online investor invested in 100 investments, what is the probability that he/she would have 25 or more good investments?

Qu.#5   (Total 11 marks) 

a. The income of adults last year in Ontario was found to have a mean of 60 (thousand $ or k$) and a standard deviation of 15 (k$), but the distribution shape was not specified.

i. [3] A simple random sample of 100 adults was obtained this year.  What is the probability that the sample mean is between 57 (k$) and 63 (k$) if this year's distribution is the same as last year's? Explain your answer BRIEFLY.

ii. [1] If the sample mean actually was found to be more than 63 (k$), does this imply that the average income has increased compared to last year? Explain BRIEFLY.

b. [3] The height of a certain population of males is assumed to be normally distributed with a mean height of 175 cm and a standard deviation of 7.5 cm.  If a sample of size 9 were taken,  find the probability that the sample mean would be less than 168.5 (cm). Explain your answer BRIEFLY.

c. [4] A statistician decides that while heights of a particular male population may be normally distributed, the standard deviation of the population given in part ‘b’ should not be used. However, there is an actual sample (given below).  What would be probability that the sample mean would be less than 170 cm if we still believe the population mean to be 175 cm? Explain your answer BRIEFLY.


The sample values (in cm) are 158  161  165  170  175  179  182  166  174.

Qu.#6    (Total 9 marks) SuperYog is a supplier of yogurt. One of the popular sizes is the 125 gram plastic cup with a foil top. This is sealed by applying a little heat to the rim of the cup after filling so that the plastic liner on the foil bonds to the plastic of the cup. To open the cup, one has to pull on a tab of foil that is left uncut for this purpose. Unfortunately, as we all know, the seal is sometimes stronger than the foil and we are "foiled" in our attempt to open the yogurt since the foil rips.

A technician at SuperYog devises a jig to measure the pulling force and determines that a force of over 5.5 newtons will result in the foil ripping. It is also evident that a force under 2.5 newtons implies an improper seal, which may lead to contaminated product or to leakage in transport.

The technician takes 50 hourly samples of 5 cups each hour and measures the pull force to open them.

a) [1] The descriptive statistics and a histogram of the data are below. Is the sealing of the cups satisfactory? Explain BRIEFLY using the data given.

Descriptive Statistics: pullfrce 

Variable    N    Mean     StDev  Minimum      Q1  Median      Q3
  Maximum

yogpull   250   4.1163     0.8975   2.1800  3.4575  4.0450  4.6800   7.0400

Histogram of yogpull   N = 250

Midpoint        Count

   2.000            0

   2.200            1  *

   2.400            3  ***

   2.600            2  **

   2.800            8  ********

   3.000           16  ****************

   3.200           17  *****************

   3.400           19  *******************

   3.600           19  *******************

   3.800           31  *******************************

   4.000           13  *************

   4.200           20  ********************

   4.400           22  **********************

   4.600           18  ******************

   4.800           15  ***************

   5.000           20  ********************

   5.200            4  ****

   5.400            3  ***

   5.600            4  ****

   5.800            3  ***

   6.000            5  *****

   6.200            2  **

   6.400            0

   6.600            1  *

   6.800            2  **

   7.000            2  **

b) [2] Using the data in (a) and the graph below, is the data consistent with a Normal distribution of force needed to open the cups. State your reasons briefly.  The X axis is measured in Newtons.
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c) [2] The technician uses the data to create an Xbar-R chart for the column of data and setting the sample size to 5. Interpret this chart in relation to the cup sealing process?
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d) [2] SuperYog engages a quality management consultant to review their practices. The consultant uses the SAME data, but supplies a population mean force needed to open cups o 4 newtons with standard deviation 0.5 newtons in accord with the specifications. Still using 5 cups per sample, the following chart is drawn. Interpret the chart and give your conclusion as to whether this chart or the one above is the most appropriate for SuperYog to use?
[image: image2.png]Xbar-R Chart of yogpull






e) [2] A different sealing machine is set up and tried. It gives the following histogram and sequential time plot of data over 50 hours, with samples of 5 cups per hour tested. Should SuperYog consider using this machine? Explain BRIEFLY.

Histogram of mach2   N = 250

Number of observations represented by each * = 2

Midpoint        Count

    0.5            1  *

    1.0           22  ***********

    1.5           35  ******************

    2.0           40  ********************

    2.5           55  ****************************

    3.0           46  ***********************

    3.5           34  *****************

    4.0           14  *******

    4.5            3  **
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	Standard Normal (Gaussian) Table
	
	
	
	
	
	

	The table gives the area under the Standard Normal Distribution curve between 0 and the given value of z The value of z is given by the leftmost column and top row of the table. Cumulative probability is given by 0.5 plus table value.

	z
	0
	0.01
	0.02
	0.03
	0.04
	0.05
	0.06
	0.07
	0.08
	0.09

	0
	0.0000
	0.0040
	0.0080
	0.0120
	0.0160
	0.0199
	0.0239
	0.0279
	0.0319
	0.0359

	0.1
	0.0398
	0.0438
	0.0478
	0.0517
	0.0557
	0.0596
	0.0636
	0.0675
	0.0714
	0.0753

	0.2
	0.0793
	0.0832
	0.0871
	0.0910
	0.0948
	0.0987
	0.1026
	0.1064
	0.1103
	0.1141

	0.3
	0.1179
	0.1217
	0.1255
	0.1293
	0.1331
	0.1368
	0.1406
	0.1443
	0.1480
	0.1517

	0.4
	0.1554
	0.1591
	0.1628
	0.1664
	0.1700
	0.1736
	0.1772
	0.1808
	0.1844
	0.1879

	0.5
	0.1915
	0.1950
	0.1985
	0.2019
	0.2054
	0.2088
	0.2123
	0.2157
	0.2190
	0.2224

	0.6
	0.2257
	0.2291
	0.2324
	0.2357
	0.2389
	0.2422
	0.2454
	0.2486
	0.2517
	0.2549

	0.7
	0.2580
	0.2611
	0.2642
	0.2673
	0.2704
	0.2734
	0.2764
	0.2794
	0.2823
	0.2852

	0.8
	0.2881
	0.2910
	0.2939
	0.2967
	0.2995
	0.3023
	0.3051
	0.3078
	0.3106
	0.3133

	0.9
	0.3159
	0.3186
	0.3212
	0.3238
	0.3264
	0.3289
	0.3315
	0.3340
	0.3365
	0.3389

	1
	0.3413
	0.3438
	0.3461
	0.3485
	0.3508
	0.3531
	0.3554
	0.3577
	0.3599
	0.3621

	1.1
	0.3643
	0.3665
	0.3686
	0.3708
	0.3729
	0.3749
	0.3770
	0.3790
	0.3810
	0.3830

	1.2
	0.3849
	0.3869
	0.3888
	0.3907
	0.3925
	0.3944
	0.3962
	0.3980
	0.3997
	0.4015

	1.3
	0.4032
	0.4049
	0.4066
	0.4082
	0.4099
	0.4115
	0.4131
	0.4147
	0.4162
	0.4177

	1.4
	0.4192
	0.4207
	0.4222
	0.4236
	0.4251
	0.4265
	0.4279
	0.4292
	0.4306
	0.4319

	1.5
	0.4332
	0.4345
	0.4357
	0.4370
	0.4382
	0.4394
	0.4406
	0.4418
	0.4429
	0.4441

	1.6
	0.4452
	0.4463
	0.4474
	0.4484
	0.4495
	0.4505
	0.4515
	0.4525
	0.4535
	0.4545

	1.7
	0.4554
	0.4564
	0.4573
	0.4582
	0.4591
	0.4599
	0.4608
	0.4616
	0.4625
	0.4633

	1.8
	0.4641
	0.4649
	0.4656
	0.4664
	0.4671
	0.4678
	0.4686
	0.4693
	0.4699
	0.4706

	1.9
	0.4713
	0.4719
	0.4726
	0.4732
	0.4738
	0.4744
	0.4750
	0.4756
	0.4761
	0.4767

	2
	0.4772
	0.4778
	0.4783
	0.4788
	0.4793
	0.4798
	0.4803
	0.4808
	0.4812
	0.4817

	2.1
	0.4821
	0.4826
	0.4830
	0.4834
	0.4838
	0.4842
	0.4846
	0.4850
	0.4854
	0.4857

	2.2
	0.4861
	0.4864
	0.4868
	0.4871
	0.4875
	0.4878
	0.4881
	0.4884
	0.4887
	0.4890

	2.3
	0.4893
	0.4896
	0.4898
	0.4901
	0.4904
	0.4906
	0.4909
	0.4911
	0.4913
	0.4916

	2.4
	0.4918
	0.4920
	0.4922
	0.4925
	0.4927
	0.4929
	0.4931
	0.4932
	0.4934
	0.4936

	2.5
	0.4938
	0.4940
	0.4941
	0.4943
	0.4945
	0.4946
	0.4948
	0.4949
	0.4951
	0.4952

	2.6
	0.4953
	0.4955
	0.4956
	0.4957
	0.4959
	0.4960
	0.4961
	0.4962
	0.4963
	0.4964

	2.7
	0.4965
	0.4966
	0.4967
	0.4968
	0.4969
	0.4970
	0.4971
	0.4972
	0.4973
	0.4974

	2.8
	0.4974
	0.4975
	0.4976
	0.4977
	0.4977
	0.4978
	0.4979
	0.4979
	0.4980
	0.4981

	2.9
	0.4981
	0.4982
	0.4982
	0.4983
	0.4984
	0.4984
	0.4985
	0.4985
	0.4986
	0.4986

	3
	0.4987
	0.4987
	0.4987
	0.4988
	0.4988
	0.4989
	0.4989
	0.4989
	0.4990
	0.4990

	3.1
	0.4990
	0.4991
	0.4991
	0.4991
	0.4992
	0.4992
	0.4992
	0.4992
	0.4993
	0.4993

	3.2
	0.4993
	0.4993
	0.4994
	0.4994
	0.4994
	0.4994
	0.4994
	0.4995
	0.4995
	0.4995

	3.3
	0.4995
	0.4995
	0.4995
	0.4996
	0.4996
	0.4996
	0.4996
	0.4996
	0.4996
	0.4997

	3.4
	0.4997
	0.4997
	0.4997
	0.4997
	0.4997
	0.4997
	0.4997
	0.4997
	0.4997
	0.4998

	3.5
	0.4998
	0.4998
	0.4998
	0.4998
	0.4998
	0.4998
	0.4998
	0.4998
	0.4998
	0.4998

	3.6
	0.4998
	0.4998
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999

	3.7
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999

	3.8
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999
	0.4999

	3.9
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000

	4
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000
	0.5000


	t-DISTRIBUTION TABLE
	
	
	
	

	For selected probabilities, a, the table shows the values ta, a such that P(tv>ta) = a,  where t is a Student's t random variable with v degrees of freedom. For example, the probability is .10 that a students's t random variable with  10 dgrees of freedom exceeds 1.372. (This is the right tail area.)

	
	
	
	
	
	

	v
	
	
	Prob = a
	
	

	 v = df
	0.1
	0.05
	0.025
	0.01
	0.005

	1
	3.078
	6.314
	12.706
	31.821
	63.656

	2
	1.886
	2.920
	4.303
	6.965
	9.925

	3
	1.638
	2.353
	3.182
	4.541
	5.841

	4
	1.533
	2.132
	2.776
	3.747
	4.604

	5
	1.476
	2.015
	2.571
	3.365
	4.032

	6
	1.440
	1.943
	2.447
	3.143
	3.707

	7
	1.415
	1.895
	2.365
	2.998
	3.499

	8
	1.397
	1.860
	2.306
	2.896
	3.355

	9
	1.383
	1.833
	2.262
	2.821
	3.250

	10
	1.372
	1.812
	2.228
	2.764
	3.169

	
	
	
	
	
	

	11
	1.363
	1.796
	2.201
	2.718
	3.106

	12
	1.356
	1.782
	2.179
	2.681
	3.055

	13
	1.350
	1.771
	2.160
	2.650
	3.012

	14
	1.345
	1.761
	2.145
	2.624
	2.977

	15
	1.341
	1.753
	2.131
	2.602
	2.947

	16
	1.337
	1.746
	2.120
	2.583
	2.921

	17
	1.333
	1.740
	2.110
	2.567
	2.898

	18
	1.330
	1.734
	2.101
	2.552
	2.878

	19
	1.328
	1.729
	2.093
	2.539
	2.861

	20
	1.325
	1.725
	2.086
	2.528
	2.845

	
	
	
	
	
	

	21
	1.323
	1.721
	2.080
	2.518
	2.831

	22
	1.321
	1.717
	2.074
	2.508
	2.819

	23
	1.319
	1.714
	2.069
	2.500
	2.807

	24
	1.318
	1.711
	2.064
	2.492
	2.797

	25
	1.316
	1.708
	2.060
	2.485
	2.787

	26
	1.315
	1.706
	2.056
	2.479
	2.779

	27
	1.314
	1.703
	2.052
	2.473
	2.771

	28
	1.313
	1.701
	2.048
	2.467
	2.763

	29
	1.311
	1.699
	2.045
	2.462
	2.756

	30
	1.310
	1.697
	2.042
	2.457
	2.750

	
	
	
	
	
	

	40
	1.303
	1.684
	2.021
	2.423
	2.704

	60
	1.296
	1.671
	2.000
	2.390
	2.660

	
	
	
	
	
	

	∞
	1.282
	1.645
	1.960
	2.326
	2.576
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                                            Section (Circle One): A   B   C   D   F   G 

1. SINCE THIS QUESTION IS USED ON AN ASSIGNMENT, THE SOLUTION IS NOT GIVEN HERE

___________________________________________________________________________________

2a. [1]

	
	
	P(Cu) = 
	0.6
	
	
	

	
	
	P(Zn) =
	0.5
	
	
	

	
	
	P(Zn AND Cu) =
	0.4
	
	
	

	
	
	
	
	
	
	

	1
	(a)
	P(Cu | Zn) = 
	0.8
	 = P(Zn AND Cu) / P(Zn)


___________________________________________________________________________________

2b. [2] 

	1
	(b) (I)
	Mut Excl if P(Zn AND Cu) = 0
	No

	1
	(b) (ii)
	Independent if P(Cu) = P(Cu | Zn)
	No


___________________________________________________________________________________

2c. [2] 

	1
	(d)
	P(Cu OR Zn) =
	0.7
	 = P(Cu) + P(Zn) - P(Cu AND Zn)

	1
	
	P(5 consecutive) = 
	0.16807
	 = 0.7^5
	
	


___________________________________________________________________________________

2d. [5] 

	
	(e)
	HyperG
	
	Factorial

	
	
	N
	12
	479001600

	
	
	S
	7
	5040

	
	
	n
	6
	720

	
	
	x
	5
	120

	
	
	
	
	

	
	
	P(5 contain Cu) =
	CSx  * C(N-S)(n-x)  / CNn

	2
	
	 =
	0.113636364
	

	
	
	
	
	

	
	
	x
	6
	720

	
	
	
	
	

	
	
	P(6 contain Cu) =
	CSx  * CN-Sn-x  / CNn

	2
	
	 =
	0.007575758
	

	
	
	
	
	

	1
	
	P(>4 contain Cu) = 
	0.121212121
	


ADM 2303 Dec 9, 2006. 
ANSWERS Q 3. 

LAST NAME (PRINT)



FIRST NAME (PRINT)

STUDENT #.


                                            Section (Circle One): A   B   C   D   F   G 

	Q3
	 
	ABC
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	0.03
	-0.03
	 
	 
	 

	XYZ
	 
	 
	 
	 
	 
	 

	0.04
	 
	0.5
	0.1
	 
	0.6
	 

	-0.04
	 
	0.05
	0.35
	 
	0.4
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	0.55
	0.45
	 
	1
	 

	 
	 
	 
	 
	 
	 
	 

	a) 
	E(ABC)=
	0.003
	 
	 
	 
	 

	 
	V(ABC)=
	0.000891
	 
	 
	 
	 

	 
	SD=
	0.029849623
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	b)
	COV = E(XY)-E(X)*E(Y)
	 
	 
	 
	 

	 
	E(XYZ)=
	0.008
	 
	 
	 
	 

	 
	sd=
	0.039191836
	 
	 
	 
	 

	 
	E(XYZ,ABC)=
	0.00084
	 
	 
	 

	 
	COV=
	 
	0.000816
	 
	 
	 

	 
	Corr=
	0.697518449
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	c)
	6 hours, therefore 3 up and 3 down. Let K=number up. Binomial n=6 p=.55
	 

	 
	P(K=3) = C(6,3) *.55^3 * .45*3 =
	 
	(6*5*4/3*2)*.55^3*.45^3
	 

	 
	 
	 
	 
	0.303218438
	 
	 

	 
	 
	 
	 
	 
	 
	 

	d)
	muA=
	0.05
	sigma_A=
	0.5
	 
	100

	 
	muZ=
	0.06
	sigma_Z=
	0.7
	 
	200

	 
	 
	corr=
	0.8
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	E(port)=
	17
	 
	 
	 
	 

	 
	SD(port)=
	182.4828759
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	e)
	z=
	-0.2
	 
	 
	 
	 

	 
	P(x>-.2)=0.5+C(.2)=
	0.579259709
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 


	Q4
	 
	 
	 
	 
	 
	 

	 
	p=
	0.2
	 
	 
	 
	 

	a)
	P(K>=1)=1-P(0)=
	0.892625818
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	b)
	P(K<=3)=
	P(0)+P(1)+P(2)+P(3)=
	0.107374182
	 
	 
	 

	 
	 
	 
	0.268435456
	 
	 
	 

	 
	 
	 
	0.301989888
	 
	 
	 

	 
	 
	 
	0.201326592
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	0.879126118
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	c)
	geometric. Need 6 bad, 1 good=.8^6*.2=
	 
	 
	 

	 
	 
	 
	0.0524288
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	d)
	P(K>=25|n=100,p=.2)=P(z>(24.5-20)/sqrt(16))=P(z>=
	 
	1.125
	)

	 
	 
	 
	0.130294517
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                                            Section (Circle One): A   B   C   D   F   G 

5a i.  [3]    note that mu=60 k$, sigma=15 k$, n=100. so sigma(Xbar) = 15/10 = 1.5.

Since sample size is “large”, we can rely on central limit theorem and use a Gaussian distribution of Xbar

P(57 < Xbar < 63) = P( -2 < z < 2) = 2 * Table_prob(2) = 2 * .4772 = .9544

1 for CLT, 1 working, 1 for answer.

___________________________________________________________________________________

5a ii.  [1]   P(Xbar > 63 k$) ~=2.5% which is UNLIKELY. It seems more likely incomes have increased.

___________________________________________________________________________________

5b.  [3]   mu = 175 cm, sigma=7.5cm, n=9 and sample is from Gaussian pop. so Xbar has exactly normal distribution with mean 175 and sigma(Xbar)=7.5/3=2.5cm.

P(Xbar < 168.5) = P(z < (168.5 – 175)/2.5) = P(z < -2.6) = P(z > 2.6) = .5 - .4953 = .0047.

1 for Normal explanation, 1 for working, 1 for answer.

___________________________________________________________________________________

5c.  [4]  Xbar=170cm , s = 8.15 cm, n = 8    Gaussian population, unknown sigma, use t.

t = -1.84. The table values are t(8,.1)=1.397 and t(8,.05)=1.860  Therefore we will have a probability just over 5% that such a sample mean should be observed if the true mean is 175 cm.

1 for explaining why Student t, 1 for setup, 1 for table value, 1 for prob.

___________________________________________________________________________________

6a.  [1]  Unsatisfactory. Histogram shows 4 out of spec "low" (<2.5 N) and 14 "high" (>5.5N)

__________________________________________________________________________________

6b  [2]  The histogram shows some long-tailed behaviour at both ends, but particularly "high". The 

normal probability plot has point "off the line" at both ends and there are many such point.

__________________________________________________________________________________

6c  [2]   This chart is NOT using the specifications, but only the grand mean and grand sd. from within

the samples. This is unacceptable when we have a specification.  2 marks -- must mention spec. and how graph would have been created. If we did NOT have a specification, these charts would indicate that the process is in control and controllable, i.e. it is performing consistently.
___________________________________________________________________________________

6d  [2]   These charts use the specifications

From Range chart, variability is too high. Process is NOT controllable.


 From Xbar chart, process is also OUT OF CONTROL -- there are samples with force too high or too low.  1 mark each topic.

___________________________________________________________________________________

6e  [2]  The pull force is too low for many cups. There is a cycle in the time pattern of the samples.

Thus we have poor adherence to spec and drift in the sealing performance.  1 mark each concept.
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